‘ ~ THELE
VE CONG BO CONG TRINH KHOA HQC VA
PANG BAI BAO KHOA HQC TREN TAP CHi CO KHI VIET NAM

1. Khai quat vé& Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam 1 co quan béo chi thuc hién ngdn luan - 1y luan ctia Téng hoi Co khi Viét Nam, dong thoi la tleng
ndi, kénh thong tin chinh thong ctua nganh Co khi Viét Nam. Tap chi cung con la dién dan nghlen ctru khoa hoc ctia cdc nha quan
ly-khoa hoc- chuyen gia- ngh1en ctru sinh, hoc vién cao hoc, ... trén cd nué6c, do d6 da dugc Bo Khoa hoc va Cong nghé cap ISSN
2615 - 9910 (md s6 chudn quéc té doi véi xudt ban pham nhiéu ky) va Hoi dong Chikc danh Gido sw Nha nueée cong nhdn tinh diém
cong tinh khoa hoc-bai bao khoa hoc.

Tap chi Co khi Viét Nam c6 nhi¢ém vu tuyén truyén, pho blen chu truong chinh sach cua Dang, phap luat ctia Nha nuéce va
dinh huéng phat trién, hoat dong cua nganh Co khi Viét Nam; cong bb cong trinh khoa hoc, két qua nghién ciru va chuyén giao cong
nghe chuyén dé khoa hoc va cong ngh¢ c6 ham lu'o'ng khoa hoc va gié tri thyc tién cao ctia nha quan ly-khoa hoc- chuyen gla giang
vién, nghién ctru sinh, hoc vién cao hoc, ... trong nganh Co khi va lién quan dén linh vuc Co khi. Ngoai ra, Tap chi ciing con [a noi
cong bo nhirng phat minh, sang ché, két qua, thanh tich, dién hinh tién tién trong hoat déng nghién ctu khoa hoc, quan ly, dao tao va
san xuat, kinh doanh linh vuc Co khi ¢ trong va ngoai nudc tdi dong dao ban doc.

2. Viée cong bd cong trinh khoa hec/ ding bai bao khoa hoc trong nganh Co khi va lién quan dén Iinh viee Co khi trén
Tap chi Co khi Viét Nam:

Tap chi Co khi Viét Nam nhén cong b cong trinh khoa hoc/ ding bai bao khoa hoc trong nganh Co khi va lién quan dén linh
vic Co khi cia nha quan ly-khoa hoc- chuyen gia-nghién ctru ctru sinh, hoc vién cao hoc,. .. trén Tap chi Co khi Viét Nam (ban in glay)
gom: 'Co khi Ché tao may, *Co khi Quoc phong, *Co khi Giao thong, 1Co khi Nong-lam nghlep Co khi Xdy ding, °Co khi Thity san,
"Co khi Pia chat, Co khi Hoa chat, °Co khi Béio qudn ché bién nong lam thity san, "Co khi Béng co dot trong, "Co khi O 16 - May kéo,
2Co khi May thiy khi, " Co khi Cong nghé nhiét lanh, "*Co khi mdy nang lwong, >Co khi Cong nghé dét, '°Co khi Cong nghé cat may,
Co khi Co-dién tir, *Co khi Ky thudt hé théng cong nghiép, °Co khi dao tao nguon nhan huc va nghién cieu chuyén giao.

3. Thé 18 vé cong bd cong trinh khoa hoc/ diing bai bao khoa hoc trong nganh Co khi va lién quan dén linh vwe Co khi trén
Tap chi Co khi Viét Nam. Do dé, cong trinh khoa hoc/ bai bao khoa hoc khi dugc diang trén Tap chi Co khi Vi¢t Nam phai
dam bao cac yéu cau, nhu sau:

3.1. Yéu cu chung: Cong trinh khoa hoc/ bai bao khoa hoc dang trén Tap chi Co khi Viét Nam phai 1a két qua nghién ciru gbc;
bai bao tong quan hodc bai viet thong tin khoa hoc (short communications).

3.2. Ban thdo: Bai bao dang trén Tap chi Co khi Vi¢t Nam, gdm c6 cac phan:

1. Tén bai bao (bang tleng Viét va bang tleng Anh)

2. Tén tac gia, dong tac gia (kém theo ghi chii vé chtrc danh khoa hoc, hoc ham, hoc vi, tén co quan cong tac, email).

3. Tém tit bai bao bang tiéng Viét va tiéng Anh khong qua 350 tir (bao gdm c6 tir khoa tiéng Viét va tiéng Anh, di voi cum
tir khoa c6 khoang 5 - 15 tir khoa).

4. bat van de.

5. Vat liéu va phuong phap nghién ctru.

6. Ket qué va thao luan (co thé tach thanh 2 phén riéng biét: Két qua, Thao luan).

7. Két luan.

8. Tai liéu tham khao (trich dan theo dung quy dinh bai bao quoc té).

Ban thao dugc soan trén may vi tinh, sir dung Unicode, kiéu chir Time New Roman, ¢& chir 14, trén gidy A4 - mot mat,
ché d6 dan dong: “1.5 lines spacing”, can 1& trai phal moi bén: 3 cm, can 1& trén duéi: 2,5 cm, ché do 1&: “Justlﬁed” Dung luong moi
bai bao khoang 1.600-2.500 tur. Cac do thi, hinh va anh cin trinh bay rd rang.

Céc thuat ngir khoa hoc néu chua dugc Viét hoa thi uu tién dung nguyén ban tiéng Anh. Céc ky hiéu viét tit cin phai giai
thich khi xuat hién lan dau.

Thu tu bang va hinh dugc danh s theo trinh tu trong bai, khong danh theo thi tu d& muc. Khong dugce viét tit cac tiéu muc,
tén bang, hinh v&. Tén bang dugc ghi bén trén bang, tén hinh vé duoc ghi bén dudi hinh. Cha th1ch in ngh1eng

Chi co nhu’ng tai ligu duoc trich dan thyg sy trong noi dung bai Vlet méi dwa vao phan tai lidu tham khdo. Tai liéu tham
khao dugc sap xép theo thu tur trich dan (tai liéu tiéng nudc ngoai dugc sdp xeép theo ho cua tac gia, tai liu tleng Viét sap xep theo
tén tac gia) va theo trinh tu: tén tac gia, nam xuat ban trong ngodc don (.. ), tén sach, tén nha xuat ban, noi xuat ban (d01 voi sach)
hodc tén bai bdo, tén tap chi, tip, s0 (d6i voi bai bao), trang déu va trang cudi cua tai liéu. Déi voi nhu‘ng tai liéu khong co tac g1a thi
xép theo chir cai cua tir dAu tién ctia co quan ban hanh tai liéy. Trong ban thao, & nhung noi dung tac gia da tham khao hodc str dung
két qua nghién ciru tir cac tai lidu khoa hoc khac, can danh dau bang so (dat trong dau .. ]) 1a so thur tu cua tai liéu xép trong danh
muc cac tai liéu tham khdo. Tai liéu tham khao cAn ghi theo ngdn ngr goc, khong phién am, khong dich.

3.3. Giri hodc ndp bai: Ban thao gdm 2 ban in va 1 ban dién tir. Khi ding ki nop bai, cac tac gia c6 thé dé xuat 2 phan bién. Viée
chon céac phan bién chuyén mon phu hop thudc quyén ctia Hoi dong Bién tap Tap chi Co khi Viét Nam.

3.4. Phén bién: Sau khi nhan bai viét giri ding dang v6i Thé thirc quy dinh ciia Tap chi Co khi Viét Nam, Hoi ddng Bién tap s& g
bai viet cho cac phan bién.

Nhu'ng bai viét duoc chap nhén déng, cac tac gid s€ nhén duoc thu phan hdi cua Hoi ddng Bién tap vai thoi gian stra chira
dugc yéu cdu tiy theo chat luong clia bai viét. Ban stra chita lan cudi cua tac gia s€ dugc coi 1a ban goc.

Bén thao co thé nop truc tiép hodc guri qua E-mail cta Tap chi.
Quy tac gia mudn biét thém thong tin, xin vui 1ong lién hé véi TOA SOAN TAP CHI CO KHI VIET NAM

Dia chi: S6 4 Pham Vian Dong (trong Vién Nghién ctru Co khi), Mai Dich, Cau Giéy, Ha Noi
Dién thoai: (024) 37 920 650 - 0904 177 637 / 0982 254 465
Email: Tcckvn.bbkh@gmail.com * Website: cokhivietham.vn / tapchicokhi.com.vn
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TONG BIEN TAP
DUONG THANH BINH

HOI PONG BIEN TAP
TS. PO HUU HAO (Chu tich)
GS,TSKH. BANH TIEN LONG (P. Chu tich)
KS. TA QUANG MAI (P. Chu tich)
TSKH. PHAN XUAN DUNG
PGS,TS. HA MINH HUNG
PGS,TS. TRUONG VIET ANH
GS,TS. PINH VAN CHIEN
GS,TSKH. PHAM VAN LANG
TS. LUONG VAN TIEN
GS,TS. CHU VAN PAT
PGS,TS. TRAN VINH HUNG
PGS, TS. PAO QUANG KE
PGS, TS. NGUYEN VAN BAY
PGS,TS. PAO DUY TRUNG
PGS,TS. LE THU QUY
PGS,TS. BUI TRUNG THANH S6 306, thing 8 nim 2023
PGS,TS. LE VAN PIEM
GS,TS. LE ANH TUAN

PGS.TS. NGUYEN HU'U LOC TOA SOAN TAP CHi CO KHI VIET NAM

PGS,TS. DUONG VAN TAI S6 4 Pham Vin Déng (trong Vién Nghién ctru Co khi), P. Mai Dich, Cau Gidy, Ha N¢i

Di¢n thoai: (024) 3792 0650  Hotline: 0904 177 637 - 0982 254 465
Email: teckvietnam@gmail.com

+%+ Nghién ctru, thiét ké may in 3D FDM khé réng
#* Ché tao module chira con lan cho may uén éng

+%» Phan tich dong hoc robot céng nghiép bang ly thuyét truc vit

Tap chi Cor klli’\"ii?t Nam phit hianh ngay 25 thing 8 nim 2023

TS. PHAN PANG PHONG

TS. TA NGQC HAI Website: cokhivietnam.vn / tapchicokhi.com.vn
PGS,TS. TRAN NGQC HIEN . % )
PGS.TS. TRUONG HO ANH SON Giay phép hoat dong Tap chi in va Tap chi Dién tir cia B Thong tin va Truyen thong

o S5 378/GP-BTTTT, ngay 22 thang 6 nam 2021
TS. HO TRAN ANH NGOC

Vin ban chip thuan ting trang s6 919/CBC-QLBC ngay 22 thang 8 nam 2023 cta Cuc Béo chi,
B0 Théng tin va Truyén thong

Vin phong dai dién:

1. Tai TP. HO Chi Minh: 2. Tai tinh Quéing Ninh: 3. Tai Thai Nguyén:
- PGS, TS. Bui Trung Thanh - TS. Hoang Minh Thuéin - PGS,TS. Vii Ngoc Pi
Phong T4.0, Nha T, Truong Pai hoc Cong nghiép  Trudng Cao ding Cong nghiép va Xay dung, S6234 Phat X4, TP. Théi Nguyén, tinh Théi Nguyén
TP. H6 Chi Minh Lién Phuong, Phuong Pong, Uong Bi, Quang Ninh ~ Dién thoai: 0974 905 578
S6 12 Nguyén Vin Béo, phuong 4, quan Go Vép,  Dién thoai: 0904 116 189 Email: vungocpi@tnut.edu.vn
THIET KE MY THU AT TP. H6 Chi Minh Email: minhthuan teckvn@gmail.com
. Dién thoai: 0913 921 407
NG AN GIANG Email: teck.tphem@gmail.com

- PGS,TS. Nguyén Hiru Lje

Phong 205, Nha B11, Truong Dai hoc Bach khoa,
Dai hoc Quéc gia TP. Hb Chi Minh,

s6 268 Ly Thuong Kiét, phuong 14, Quén 10,
TP. H Chi Minh.

Dién thoai: 0913 603 264

Email: nhloc@hcmut.edu.vn

*Tap chi Co khi Viét Nam:

- In tai Cong ty C8 phin In Khoa hoc Cong nghé Ha Noi Ph(’)ng vién thu-(‘)'ng tra:
- Khuon khé 20,5cm x 28,5cm

- 304 trang }ng,ir&ﬁ;'i)é':’“gz

- Xudt ban m6i thdng mot ky Pién thoai 0913 063 747

- Gia ban 50.000 dGng/quyé”n T@P chi Email: daidientcck@gmail.com
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MUC LUC
TAP CHi CO KHi VIET NAM SO 306, THANG 8 NAM 2023

NGHIEN CUU - TRAO DOI (6 — 298)

1. Ping Trung Kién, Nguyén Hung Vi, Dwong Vin T, Nguyén T4n Tién: Nghién ciru thuc nghiém céc
thong O €O NOC CUA SOT SEN NONG. .......ce.voeeeeeeeeeeeeeeeeeeee e eee s
2. TS. Hoang Som: Nghién ctru kha ning 6n dinh ngang cia xe chuyén ding thu gom, van chuyén, khir tring
xac gia suc, gia CAM DI QICR DBIN. ..ottt e et e e e e et e e e e e s e s e e eeeseeene
3. Nguyén Vo Hong Tién, V6 Tin Pat, Phan Trung Pirc, Pham Son Minh, Buii Chdn Thanh, Nguyén Hg:
Ché tao md hinh Hexapod (phan didu KNIN)..............cooveiimiveeeeeeeeeeeeee e
4. Tran Minh Thé Uyén, Bui Chén Thanh, Nguyén H9, Nguyén Tién Diing, Pham Quén Anh, Lé& Thanh T,
Phan Nhat Hao, Téng Huynh Quéc Thinh: Ché tao hé truyén dong cho module chén ciia hé thong Hexapod......
5. Phan Trung Pat, Nguyén Minh Pirc, Nguyén Huy Hung, Dwong Vin Ti: Thiét ké cum dan dong cho
robot v¢ sinh pin nang lugng mat troi dya trén co CAU CAMSO TTS oo
6. ThS. Huynh D3 Song Toan, ThS. Bui Chin Thanh, ThS. Nguyén H9, ThS. Nguyén Tién Diing,
TS. Tran Minh Thé Uyén, L& Duy Khang, Trin Minh Quang, Trin Vin Nhut Linh: Ché tao m6 hinh
AAU UGN GG NIIGU DAC T 0. eee e
7. Dang Huynh Vu Luan, Pham Quéc Trung, Lé Vin Hau, Nguyen Trong Hiéu, Bui Chin Thanh,

Nguyen Ho, N guyen Tién Diing: Khao sat can dao tién c6 giam chAn..........o.coocovvvviveeeeeeeeeeeeeeeeeeseeeae
8. Tran Minh Thé Uyén, Bui Chin Thanh, Nguyén H9, Nguyén Tién Diing, Pham Quan Anh,

Tong Huynh Quéc Th1nh Phan Nhat Hao, Lé Thanh Ta: Thuc nghiém va danh gia kha nang tao
hinh 6 ong VOT MO hinh UON G0 TECH TAIM.......oveoeeeeeeeeeeeeee e
9. Nguyén Tran Ping Khoa, Lé Thé Duy, Phan Hoang Long, Nguyén Tén Tién: Nghién ciru khao sat dic
trung dong hoc co ciu may 1am Sach CAt BAT BICTL........co..oveveeveeeeeeeeeeeeeeeeeeee e
10. Tran Minh Thé Uyén, Huynh D3 Song Toan, Bui Chan Thanh, Nguyén H), Nguyén Tién Diing,
Lwong Ly Hai, Trin Huy Phi Hiu, Trin Nguyén An Thuyen, Pham Minh Triét, Trin Cao Tién,
Ping Ngoc Linh: Ché tao module chira con 1dn cho may udn 6ng .........ccooveveveveeeeeeeeeeeeeeee
11. Hoang Thi Kim Dung: Nghién ctru thiét ké hé théng voi phun cho méay bay UAV phun thudc trir siu g
AUNG trONG NONE NENIEP ... eeuiiiieiiieiieie ettt ettt ettt et et e e st eaesseesseeseesseensesseensesseensessaensesssenseesseseensenseeneas
12. H6 Nhat An, Nguyén Cong Nguyén, Dwong Phiic Long, Nguyén TAn Tién: Thiét ké hé thong ty dong
can bang cho thiét bi pha tANg TUC DINN...........ooviveieeeeieeeeeeeee e
13. Trwong Vin Thuin*, Vii Vin Quang: Nghién ciru anh hudng ctia bién d¢ danh 1ai dén 6n dinh quy dao
Kkhi chuyén 1an ctia dOAN X€ SO M TO MOOC. .........veveeeeeeeeeeeeeeeeeeeeeeeeeeeees e s e esees s see s s seesse s
14. Hoang Thi Kim Dung: Khio sat tinh 6n dinh cia may bay UAV phun thudc trir sau (mg dung trong
FITe 1T T d 1] PR PSRTR
15. Tran Minh Thé Uyén, Huynh P& Song Toan, Nguyén Vin Thitc, Bai Chin Thanh, Nguyén HJ,
Nguyén Tién Diing, Chau Tén Phuéc, L& Anh Vii, Thai Huy Hoang, Nguyén Khic Nhan: Kiém nghiém
hinh dang cac dudng in 3D kim loai img véi cic phuwong an di chuyén ngudn han khac nhau................cco..........
16. Pinh TAn Hung: Nghién ctru x4c dinh vi tri dat dong co so voi canh chinh cia UAV dang tau luon.............
17. Hoang Thi Kim Dung, Lé Thi Thai: Nghién ctru mé phong s6 tiéng on khi dong ciia xe lira....................
18. Tran Minh Thé Uyén, Huynh P& Song Toan, Nguyén Vin Thitc, Bai Chin Thanh, Nguyén HJ,
Nguyen Tlen Dung, Lé Minh Hiu, Chau Ping Khoa, Hira Thién Long, Nguyén Khic Nhan: Khao sat
cAu trlic t& Vi ctia MAU N 3D KIM L0A1........o..vveoveeeeeeceee e
19. Pinh T4n Hung: Nghién ciru thiét ké va kiém bén két cu canh chinh ctia UAV dang tau lugn...................
20. Lwong Tuén Anh, Lé Vin Thao, Nguyén Thity Dwong*: Nghién ciru anh hudng ctia mét sd thong sd in
dén ChAt TrONE SAN PRAM AN TUGH.........ovoveeeeeeeeeeeeeeeee e
21. ThS. Bui Minh Hoang, ThS. Poan Kim Binh: Nghién ciru, thiét ké may in 3D FDM kho rong...................
22. Pham Dirc Thién: Phuong phap gia cong banh ring con ring thing bang k¥ thuat CAD/CAM....................
23. Tran Thi Thanh Hai: Giai phap tao tai trong thiét bi thuc nghiém khao sat giam rung dong cia bo truyén
banh ring bANE hat GIAM CRAN............o.ovieeeeeeeeeeeeeeeeeee e ee e se e
24. ThS. Bui Minh Hoang Van dé gdy mon hong banh cong tac bom 1y tam van tai dong chat long ¢6 hat rdn
25. Vii Pirec Quyén: Ung dung thuat toan di truyén cai tién trong thiét ké tdi wu hé théng phan phdi nudc........
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26. ThS. Pham Hong Thao, ThS. Pham Tao, ThS. L& Vin Thoai: Nghién ctru thiét ké t6i wu két c4u an toan
1at nghiéng 6 t6 khach ghé ngdi Universe trén co s tiéu chuan an toan chau Au ECE R66............cccoocovvenean,
27. Tran Minh Thé Uyén, Dwong Thi Van Anh: Chit luong san phim han hd quang cho lién két éng chix T
28. Lwu Thanh Ting, Lé Quy Phwong, Nguyén Dirc Thién An, Ping Long Khang Huy: Nghién ctru nhan
dién hu hong bét thuong trong dam thép bang Variational Autoencoder (VAE)..........o..ovoveeeeeeeeeeeeeeeeeeeeeeers
29. Tran Minh Thé Uyén, Duong Thi Van Anh: Bién dang éng trong quy trinh han hd quang truong hop han
ST AUNE COTE MLt ee e s e e e ees e ss e s s s s se s s
30. Lwong Vin Téi, Huynh Céng Lom: Nghién ctru cic thong sb chinh ctia co cdu cit nho qua chanh day
trong hé thong tAch ruOt ChANN AAY...............oveieeeeeeeeee e
31. ThS. Mai Van An, ThS. Bui Si Giang, ThS. Vii Huy Khéi, ThS. Ta Ba Diing: Nghién ctru tinh toan dong
luc hoc phao 73mm kiéu 2A28 trén xe chién dAu bO BInN...........o..ovviivieeeeeeeeeeeeeeee e
32. Pham Thi Thiiy*, Nguyén Thanh Tung: Mot phuong phap gia cong banh ring tru than khai bang ky
thudt CAD/CAMY/EDM.....ccooiiiiiiiiiiiiine ettt ettt ettt
33. Lwong Vin Téi, Huynh Cong Lém: Xéc dinh cac thong s6 hop 1y cia may sang tach rudt chanh day trong
hé thong may tAch TUOt ChANN QAY..........o..oveoveeeeieeeeeeeeee e
34. Nguyén Pha Sinh, Nguyén Thi Hai Van: Phan tich dong hoc robot cong nghiép bang 1y thuyét tryc vit......
35. Hoang Trong Hiéu, Nguyén Tran Hoai Bio, Bui Minh Diing, Tran Minh Hiéu, Nguyén Pham Hung Vi,
Nguyén Phi Sinh: Thiét ké va ché tao may phay CNC chi phi thap str dung b6 diéu khién da nhiém QS-H7KA
36. Lé Thi Tuyet Nhung Mo phong qua trinh va cham cua ba-do-soc cta xe 6 t6 vao tuong thép st dung
tuong tac gitta phan MEM MOIAAOW VA ADAGUS...........ov.veeeeeeeeeeeeeeeeesee oo
37. Nguyén Mai Bich Tién, Huynh Phuéc Hién, Nguyén Thé Bio*: Danh gia kha nang thu hoi nhiét lanh tir
qué trinh tai hoa khi LNG dé cAp lanh va Phat GH8N............o.ovevieeeieeieeeeeeeeeeeeee oo
38. Nguyén Tién Diing, Trinh Minh Hoang, L& Bao Viét: Sir dung phuong phap mo phong sé dé danh gia
hiéu qua phanh cta hé thong phanh din dong Khi Nén trén Xe tAl..........o..oveveveiveeeeeeeeeee e
39. Tran Thé Nam: Ung dung cong cu s6 dé danh gia cac dic tinh chay cho dong co sir dung nhién liéu kép
BIOIESE] VA LING ...ttt ettt b e a ettt es et h e bbbt bbbttt nae st nen
40. Nguyén Thi Lan Anh, Trin Thanh Hai, Ping Thi Ly: Nghién ctru thiét ké quy trinh cong nghé ché tao
Tua tlr SOT t0 SEN A1 VIEE INAIML.......oiiiieiiiiiiic ettt e e et e e et e e et e e e e e e eneaeeenaeeeenaneeeenseeeenreeeenns
41. ThS. Tran Pinh Kién, TS. Phan Thé Son, TS. Nguyén Hanh Hoan: Tinh to4n thiét k& mau co céu bao
hiém quén tinh sir dung trong vl Khi ChONg tANG.........c..ov.vvoeeeee oo
42. L& Thi Tuyét Nhung: M6 phong vét nirt va su lan truyén vét nut trén dim ddi v6i dam kim loai chit I trén
KEE CAU MNIAY DAY, e e s ee s es e ee s s e en e
43. ThS. Nguyén Dirc Toan, GS,TS. Pd Pirc Tudn: Kiém dinh gia thuyét thong ké c6 tham s6, mot mau trong
danh gia do tin cdy clia phuong tEN AUONE SAL..............ooveveeveeeeeeeeeeeeeeeeeeeeee e sesseee e aenenns
44. Nguyén Vin Quang*, Nguyén Thanh Tung: Tinh toan, thiét ké va xdy dung mé hinh hé théng phun
suong dap bui cho 10 chg khai thac than..............ccoiiiiiiiee e
45. Nguyén Thi Hai Van: Phan tich uén tinh cua vé hai do cong c6 16 rdng str dung phan tir hiru han..............
46. Nguyén Thu Thity: Nghién ctru thiét ké quy trinh cong nghé ché tao vai day tai Viét Nam.........................
47. Lé Phan Hoang Chiéu: Thiét bi hd trg quét cang ban chan ba chiéu véi may quét quay 360 do sir dung 4nh
SANG TANZ......oveeeeeee e e e e e e e s e et
48. Nguyén Thu Thiiy, Nguyén Thi Lan Anh: Nghién ctru thiét ké quy trinh cong nghé do chat luong vai dii
DANG TG DI TESTET........veveeeeeeeee et s s s e e s ee e s e s sea e nenes
49. TS. Pham Hiru Truyén, TS. Lwu Dirc Lich: Phan tich d6 6n dinh chudi: Ung dung cho hé thng theo dai

50. Than Vin Toin, Nguyén Manh Diing, Vii Ti Nam, Pao Manh Lan: Dao dong riéng ciia tim c6 chidu
AAY DIEN AOL...o oo

DOANH NGHIEP - DOANH NHAN (299-300)

- Hoan thanh EPC dy 4n kénh dao "Panama" Viét Nam, LILAMA 10 viét tiép truyén thong vé vang............
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NGHIEN Cl’U THU'C NGHIEM CAC THONG SO CO HOC
CUA SO SEN HONG

STUDY ON EXPERIMENT ON MECHANICAL CHARACTERISTICS OF PINK
LOTUS FIBER

Ping Trung Kién, Nguyén Hung Vi, Dwong Vin T, Nguyén Tén Tién
DCSELab, Truong Pai hoc Bach Khoa, Pai hoc Quéc gia Thanh phé HO Chi Minh

TOM TAT

Hoa Sen, biéu twong dac trung cho dat nude va con nguoi Viét Nam, duwoc biét dén véi rat
nhiéu céng dung tir ré, cii, than, Id hay hoa déu déng vai tré quan trong trong nén kinh té quoc dan
voi da dang san phcfm trén thi truong. Voi viec mang lai loi ich kinh té nén hoa sen duoc tréng
rong rdi o Viét Nam song van chira khai thac dwoc hoan toan moi thanh phdn tir cdy sen. Bén canh
nhitng thanh pham nhuw tra sen, mirt sen hay hoa sen dé dwoc biét dén rong rdi boi nhitng ddc trung
vé hwong vi, vé nét dep gidn dj trén tirng canh hoa, thi van c¢é mét san pham tir sen sé mang dén mot
mau sdc mdi, dua nét dep cua nguoi su dung lén mot tam cao méi béi hwong thom va dac tinh cua
chinh san pham. D6 chinh la vai lam tir to sen. Nghién civu cdc thong sé co hoc ciia soi to sen sé
mang lai nén tang phuc vu cho viéc phdt trién mét san pham kinh doanh méi tir cdc phan thin sen
thwong khéng ding dén va bé di nhu trweée day. Bai bdo nay dé xudt bai todn thue nghiém, phirong
an thyc nghiém, cac buoc tién hanh va dwa ra dwoc cac thong $6 co hoc cuia to sen.

Tw khoa: Thong s6 co hoc; To sen; Than sen; Thuc nghiém.
ABSTRACT

Lotus flower, a symbol representing the land and people of Vietnam, is known for its various
uses from the roots, stems, leaves and flowers, play an important role in the national economy
with a diverse range of products in the market. Due to the economic benefits it brings, lotus is
widely cultivated in Vietnam. However, not all components of the lotus plant have been fully utilized.
Alongside products such as lotus tea, lotus jam, and lotus flowers, which are widely known for their
distinct flavors and simple beauty on each petal flower, there is still one product made from lotus that
brings a new color and elevates the beauty of the user with its fragrance and unique characteristics.
That product is fabric made from lotus silk. Researching the mechanical properties of lotus silk
fibers will provide a foundation for developing a new business product from the lotus stems that
are often unused and discarded. This article proposes an experimental approach, experimental
proposals, conducting and to determine the mechanical characteristics of lotus fiber.

Keywords: Mechanical characteristics; Lotus fiber, Lotus stem,; Experiment.
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1. TONG QUAN

Theo nhiéu tai liéu tham khao di chi
ra dugc nhiing wu diém cua soi to sen vé do
thoang, do hut am, tinh linh hoat, do dan hoi
va nhitng dic diém nay phu hop véi yéu ciu
cua khach hang va ti€u chi cia nganh may maic.
Mic du vay, cho dén nay, nhom nghién ctru
chua tim thiy cong bd nao vé cac thong sb co
hoc cu thé nao ctia soi to sen va tu dong hoa qua
trinh san xut, kéo soi to tir than sen. Quy trinh
kéo soi nhu van cha yéu duoc thuc hién bdi
con nguoi, mot nguodi thg tuan theo cac budc
tach, kéo, se soi bé'mg thu cong nhu Hinh 1 dé
c6 duoc soi to sen. Nhung bén canh do, chinh
san xuét soi to chi dugc thuc hién bang doi ban
tay nguoi tho lai khong thé mang lai ning suat
cao, ton nhiéu thoi gian, cong strc va khong thé
cho ra dugc cac s liéu danh gia mot cach chinh
xé4c cu thé. Nén do vay, bai bao nay nghién ctru
thuc nghiém céac thong s6 co hoc cua to sen voi
phuong phap ban ty dong s€ cho mdt gbc nhin
cu thé vé to sen.

RAWN &

TWISTING |—» ROLLED

GATHERING [—»{ KNIFECUT }—0

Hinh 1. Quy trinh kéo soi bang phwong phdp
thu cong
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Bai todan thuc nghiém

Thuc nghiém thong s6 co hoc cua to
sen hong ¢ Viét Nam ve do dai to kéo dugc to1
da, gidi han xodn cua to va do bén kéo cua to
sen.

2. PHUONG AN THUC NGHIEM
Chiéu dai to sen

Bing cach tach phan than sen lam hai,
sau d6 cho kéo mot trong hai déu sen chuyén
dong tinh tién theo chiéu hudéng ra xa phan than
con lai cho dén khi soi to dugc kéo hét trong
phan than sen rdi giit ¢6 dinh phan to da kéo
dugc va lam twong tu v6i phan than sen con lai.
Chiéu dai to dugc do tir phan c6 mat do soi >
30%.

Gidi han xoan cua to

Tién hanh do gi6i han xo4n véi doan to
dai 10cm bang cach st dung hai co cau kep chat
than sen, mot c6 dinh va mot dat trén khung
trugt hay ban chuyén dong tinh tién trén ciing
mot phuong véi than sen két hop véi khép
xoay nhu Hinh 2. Viéc vira kéo vira xoan s&
han ché duoc viée to chi xodn ¢ diém yéu nhat
trén doan to.

Thén sen
Pau k

Hinh 2. Phwong dn dé xudt sir dung co cdu

kéo xoan

&



NGHIEN CUU - TRAO DOI

Module yéu cAu 2 bac ty do nhu Hinh 3
dé thuc hién dtng thao tac kéo va x0dn sgi. Dé
mo phong lai, co ciu tay quay con trugt duoc
thém vao. Sau khi than sen dugc ¢ dinh trén
tay may, khop truot B két hop cung véi khép
quay A tao ra chuyén dong kéo xodn soi to.

o ”
1 L2

Hinh 3. So' do nguyén 1y module kéo xodn

Soi to s& dat dén ngudng xodn khi bat
dau xay ra hién tuong to bi quan lai hay cuén
tron 1én.

Do bén kéo cuia to sen

Do bén cua soi to 1a mot thong ) quan
trong luon dugc dat 1én hang dau khi lya chon
soi to cho cic muc dich khac nhau. Dé léy
duoc gidi han do bén kéo ctia sgi to sen, ta thue
hién md hinh thuc nghiém nhu Hinh 4. Sau khi
chuin bi md hinh va to, ta tién hanh c¢b dinh
mot dau soi vao luc ké, dau con lai duoc kéo
theo hudng ra xa va quan sat két qua. S6 do
hién thi trén man hinh chinh 1a luc kéo t6i da
cua soi to sen.

To sen 3

3. KET QUA VA PANH GIA
3.1. D0 dai to kéo dugc tir than sen

Dya vao quy trinh thyc nghiém nhu

trén, tr cic mau thyc nghiém va tir cac tai liéu
vé to sen, ta ¢6 thé chia than sen lam 03 phan:
ngon, gitra va cudi than. Vi mdi phan chira mot
luong to khac nhau nén chiéu dai to kéo duge
cling s¢ dugc chia lam 03 khoang tuong ung.
Qua thuc nghiém nay sé& cho ra dugc thong sb
chiéu dai thuc té cua to sen tir sen & Viét Nam.
Phan ngon:

W

L=320mm

\

L=280mm

L=330mm

L=320mm
L[=300mm -
e
L=400mm
~ L=400mm
Hinh 5. Mau thu"q nghiém do dai to kéo duwoc tir
phdn ngon thdn sen

.

Phan gita:

|

L=310mm

L=260mm

L=250mm

L=290mm

L=290mm

L=260mm

L=230mm
- L=1 43mm
L=130mm

- am

L=170mm

S m
L=180mm

L=220mm

-

L=210mm

L=200mm

Hinh 6. Mdu thuc nghiém do dai to kéo dwoc tir
phan giira thin sen
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Phan cudi:

L=230mm

L=100mm

L=140mm

L=100mm

" L=200mm

L=100mm

Hinh 7. Mau thuc nghiém do dai to kéo duoc ti
phan cuoi than sen

Phé chiéu dai to sen tir 61 mau to thuc
nghiém tir 14 than sen hong:

ol II “H IF

Hinh 8. Pho chiéu dai cia to sen theo phan ngon,
gitta va cuoi thdn sen

uh

Bdng 1. Chiéu dai trung binh ciia to sen

Phan ngon 272 cm
Phan giita 20.8 cm
Phan cubi 13.2cm
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Nhén xét:

Chiéu dai trung binh cua to sen hong
Viét Nam la 15 = 25 cm va thong s6 thuc
nghiém nay khac xa so véi cac tai li¢u da dugc
nhém tham khao & cac ving chau A nhu An Do
[1], [2] v&i chiéu dai to kéo duge tir 31 + 50 cm
va & Trung Qudc [3] véi chidu dai 41 + 55 cm.

3.2. Gi6i han xoén

Soi to sau khi duge kéo ra s& duogc xodn
lién tuc cho dén khi xay ra hién tugng dun to,
soi to bi cong 1én. Quan sat mau thyc nghiém
theo ca hai hudng xoan 1a Z-Twist (ngugc chicu
kim dong hd) va S-Twist (ciing chiéu kim dong
hé) cho doan to dai 100mm kéo truc tiép tr mot
doan than sen.

Thyc nghié¢m véi 50 mau to tir 12 than
sen hong.

Hinh 9. 100mm to sen duwoc xodn 1, 22va 27 vong
nguoc chieu kim dong ho

[ =30 vong

Hinh 10. 100mm to sen dwoc xodn 1, 28 va 30

vong cung chiéu kim dong ho
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Bdng 2. Nguedng xodn ciia to sen

Z-Twist
S-Twist

220+ 225 V/m
275+290 V/m

Nhan xét:

Vé sy chénh léch gi6i han xoan khi
xoan cung chiéu hay nguogc chleu klm ddng hod
1a do soi to sen co ciu trac xodn 6¢ [2] nhu
Hinh 11.

Hinh 11. Cau tric xodan oc cua to sen

Sau thyc nghiém, théy duoc rﬁng to sen
hdng & Viét Nam c6 gidi han xodn 1a 220 + 290
V/m va phu thudc vao chiéu xodn cua sgi. Dé
phtl hop véi tiéu chuan vé do xoan cua soi sir
dung trong nganh cong nghlep may mac, soi
to can dat dén ngudng xoan cho sg¢i ty nhién
la phai dat tor 800 dén 1100 V/m. Bén canh do,
theo mot nghién ctru tir An 6 [2], soi to sen
c6 thé dat dén gan 775 V/m, nhung véi sb liéu
thuc nghiém to tir cdy sen hong & Viét Nam thi
lai c6 chénh 1&ch rat 1on.

3.3. Do bén kéo ciia s¢i to

Hinh 12. PBo do bén kéo ciia to sen

Sau khi di c6 duoc soi to, tién hanh do
d6 bén kéo truc tiép bang luc ké. Quan sat qua
trinh, gia tri trén luc ké bat dau ting tir 0 va soi
to xuat hién hién tuong dut gy thi gia tri do
chinh 1a luc kéo t6i da cua soi to sen (Hinh 12).
Quan sat tir 20 mau to thir lyc kéo, ta c6 bang
s6 liéu.

Bdng 3. D bén kéo ciia to sen

Ngon 021N

Gitra 021 N

Cudi 0.20 N
Nhén xét:

Do bén kéo cuia to sen nam trong khoang
0.15 + 0.25 N, khong c6 su khac nhau gitra cac
soi to dugc kéo tir cac phﬁn khac nhau cua than
sen. Voi cing thong sd nay nhung sen & An
Do [2] 12 0.06 N cho d6 bén kéo ciia mét sgi to
riéng 1¢ trong bo to kéo dugc tur than sen.

4. KET LUAN

Bai bao trinh bay noi dung, cach tién
hanh va danh gié cac thong sb co hoc cua soi to
sen hong ¢ ving Pong Nam B9, Viét Nam do
nhém nghién ctru thuc nghiém duoc trén gan
100 méu to kéo truc tiép tir 20 than sen khac
nhau. Két qua thyc nghiém cho thiy duoc rang
s0i to sen kéo duoc tir cdy sen hong co nhiing
diém khac so v4i to sen tir nhirng noi khac trong
khu vie Chau A [1], [2] vé d6 dai, do xodn, do
bén kéo hay ca tinh chét sen. Sy khac nhau vé
khi hau, cach nudi trong va ca cach thuc thuc
nghiém ciing 1a mot phan nguyén nhéan cta sy
khac biét nay. Bai nghién ctu nay cua nhom
da xac dinh dugc mdt vai thong s6 co hoc cua
to sen héng ¢ Viét Nam nhu 1a d6 dai, gidi han
xo0dn va do bén kéo cua to.
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Theo nhiing s6 liéu thuc nghiém dugc,
céc tinh chat cua vai sen [1] va tir nhimg tiéu
chuin cho loai soi tu nhién st dung trong dét
may thi nhém nghién ctru dwa ra ¥ kién chu
quan: Soi to sen hién chi dang phu hop voi dét
khan tay, khan mui xoa c6 kich thudc 30 x 30
cm hodc dé co thé san xuit dugc vai kho 16n thi
phai két hop to sen véi cac loai soi khic dé dam
bao dugce d6 bén va chiéu dai soi phuc vu cho
viéc dét may.

Vi diy 1a nhiing budc dau tién cia
hudng nghién ctiru nay nén mot sb dé xuét chua
t6i wu, nhiéu van dé can cai thién nhu m& rong
khu vuc, loai sen, t6i wu s6 lugng mau va ca cai
thién cong tac thuc nghi¢m dé c6 thé co duge
cac sd lidu da dang hon.

Bang 1. Bang théng s6 co hoc thiee nghiém

b0 dai to kéo duoc 15+25cm
Gi6i han xoén 275 +290 V/m
Do bén kéo 0.15+0.25N
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Nghién cuou nay dugc tai trg boi
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NGHIEN ClrU KHA NANG ON PINH NGANG CUA XE CHUYEN
DUNG THU GOM, VAN CHUYEN, KHU TRUNG XAC GIA SUC, GIA
CAM BI DICH BENH

STABILITY RESEARCH FLIP HORIZONTAL OF SPECIAL VEHICLES COLLECT,
TRANSPORT, STERILIZE DISEASED CATTLE AND POULTRY CARCASSES

TS. Hoang Son
Truong Pai hoc Lam nghiép

TOM TAT

Xe chuyén ding thu gom, vin chuyén, khir trimg xdc gia siic, gia cam bi dich bénh dwoc dé
tai doc ldp cap quéc gia thiét ké ché tao, day la thiét bi chuyén ding phuc vu cho céng tdc phong
chéng dich bénh, thiing chira xdc gia siic, gia cam bi dich bénh dwoc thiét ké kin dé khong phat tan
Vi rit, vi khudn ra méi truong, c6 hé thong tw dong dwa xdc gia sic gia cam vao thing chita, xe
dwoc tinh todn thiét ké can bang va én dinh khi van chuyén trong cdc truong hop khdc nhau. Bdi
bdo nay giéi thiéu két qua nghién ciru kha nang on dinh ngang ciia xe chuyén ding thu gom, vin
chuyén, khir tring xdc gia siic, gia cam bi dich bénh.

T khoa: O 16 chuyén ding; O t6 vin chuyén xdc gia siic, gia cam bi dich bénh; On dinh
ngang 6 té van chuyén xdc gia siic, gia cam b dich bénh.

ABSTRACT

A specialized vehicle for collecting, transporting, and disinfecting deceased cattle and
poultry affected by diseases is the subject of a nationally-funded independent project, designed and
manufactured to support disease prevention and control efforts. The containment compartment for
diseased cattle and poultry remains is hermetically designed to prevent the dispersion of viruses
and bacteria into the environment, featuring an automated system for loading deceased animals
into the compartment. The vehicle has been designed to ensure balance and stability during
transportation under various scenarios. This article introduces the research outcomes regarding the
horizontal stability capability of the specialized vehicle tailored for the collection, transportation,
and disinfection of disease-affected cattle and poultry remains.

Keywords: Special-use cars; Cars for transporting diseased cattle and poultry carcasses;
Stabilizing the car to transport carcasses of infected cattle and poultry.
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1. PAT VAN PE

Chan nudi 1a linh vyc mang lai gia tri
kinh té 16n, cung cap thuc phdm cho xa hoi.
Trong qua trinh phat trién, nganh chin nubi
thuong xay ra cac dot dich bénh, gay thiét hai to
16n vé kinh té. O Viét Nam, x4c gia stc, gia cam
bi dich bénh khong c6 thiét bi chuyén dung dé
tiéu huy, chii yéu 1 chon lap, khong 6 thiét bi
chuyen dung thu gom, van chuyen khur trung,
cac thiét bi thu gom, van chuyén, khir tring chii
yéu 14 sir dung xe 6 tO vén tai thong thuong, xe
cong noéng. Nhiing thiét bi nay khi van chuyén
phat tan vi rat, vi khuan ra méi truong, tir d6
lai lam lay ra dich bénh. Viéc nghién ctru ra xe
chuyén dung thu gom, vin chuyén, khtr tring
dé phuc vu cho cong tic phong chéng dich
bénh 14 rat can thiét. Nam 2021, B6 Khoa hoc
va Cong ngh¢ giao cho Truong Pai hoc Lam
nghiép thuc hién dé tai doc lap cip qudc gia
mi s6 DPTPL.CN-01/21, k¥ thuat cua dé tai da
thiét ké ché tao ra xe chuyén dung thu gom,

van chuyén, khir tring xac gia stic, gia cAm bj
dich bénh. Dé xe hoat dong 6n dinh trén cac
10a1 du:ong va trong truong hop quay vong thi
can thiét phai c6 nghién ctru tinh toan 6n dinh
ngang cua xe dé xe khong bi 14t khi di chuyén
trén duong c6 d6 dbc ngang 16n. Sau day la
két qua tinh toan 6n dinh ngang cua xe chuyén
dung thu gom, vén chuyén, khir tring xac gia
suc, gia cAm bi dich bénh.

2. POI TUQONG VA PHUONG PHAP
NGHIEN CUU

2.1. P6i twong nghién ciru

D6i twong nghién ciu 1a xe chuyén
dung thu gom, vén chuyén, khir tring xac gia
suc, gia cAm bi dich bénh, Model: Kia K250.
Day la loai xe tai, mot clu chu dong dugc ché
tao, lép rap tai Viét Nam. Thong ) ky thuat cua
xe nhu sau:

4

Hinh 1. Xe 6 t6 thu gom, vin chuyén, khir tring xdc gia siic, gia cam bi dich bénh:
1 — Hé thong thiing chira xdc gia siic gia cam bi dich bénh;
2 — Hé thong ép xdc gia siic gia cam vao thing chira; 3 — Ban ndng xdc gia siic, gia cam bi dich bénh;
4 — Hé thong néng thing chira xdc gia siic, gia cam bi dich bénh; 5 — Hé théng ndng ha ban ndng;
6 — Khoang chira hé thong cong tdc trén xe (thing chira thudc khir tring, mdy phdt dién, cuén ddy phun,
sung phun, hé thong diéu khién); 7 — Xi lanh ép xdc gia siic, gia cam bi dich bénh.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Bdng 1. Théng s6 kjj thudt ciia xe chuyén ding thu gom, vdn chuyén, khir tring xdc gia siic, gia cam

bi dich bénh
Théng sb Gia tri Pon vi
Kich thuédc tong thé (D x R x C) 5620 x 1860 x 2555 mm
Chiéu dai co s& 2615 mm
Vét banh xe 1.650/1.495 Trudc/sau
Khoéng sang gdm xe 235 mm
Ban kinh vong quay nho nhat 7.3 mm
Kha ning leo dbc 38,1 %
Toc do tbi da 104 km/h
Dung tich thung nhién liéu 100 Lit
Trong lugng ban than 3.095 kg
Tai trong cho phép 3.000 kg
Trong lugng toan bo 4995 kg
Trong luong phan bd 1én truc 1 2310 Kg
Trong lugng phan b 1én truc 2 2685 Kg
S6 chd ngdi 03 Chd
Los ine o
Dung tich xi lanh 2.497 Cc
Duong kinh x Hanh trinh piston 104 x 115 mm
Cong suat cyc dai/Toc do quay 96 kW(130PS)/3800 v/p Ps/rpm
Mb men xoan cyc dai 38 kG.m (372N.m)/ 1800 vong/phut N.m/rpm
01 dia, ma sat kho, dan dépg thuy h}'C, ‘Frq
Ly hop Iyc chan khong. Co }(hi, sO san, 5 sO tién,
1 s0 Iui
Ty s6 truyén hop s chinh 1}1}11 5: jéig’zt}iz?’s’é%&
Ty s6 truyén cudi 5.428
Thong s6 16p 7.50-16(7.50R16) / 7.50-16(7.50R 16) Trudc/sau
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2.2. Phuong phap nghién ctiru

Bai bao su dung phuong phap co hoc
giai tich va 1y thuyét 6 t6 dé xay dung mo hinh,
thiét 1ap phuong trinh can bang lyc, can bang
md men, tur phuong trinh da 1ap phan tich Va
tim ra duoc d6 doc va vén tbc quay Vong can
thiét dé xe di chuyen khong bi méat on dinh,
khong bi lat.

3. KET QUA NGHIEN CUU

3.1. Nghién ciru kha niing 6n dinh ngang ciia
6 to chuyén dung vian chuyén xac gia sic, gia
cAm bi dich bénh

Xét truong hop nguy hiém nhét 1a khi
Xe quay vong, ngoai cac luc da trinh bay & phan
trén, xe con chiu tac dung cua lyc ly tim P,
dat tai trong tam cua xe (truc quay la YY) Mo
hinh tinh toan 6n dinh khi 6 t6 van chuyén trén
dudng nghiéng ngang nhu hinh 2.

Hinh 2. So dé lyc va moé men tdac dung lén banh xe
khi chuyén dong trén duwong nghiéng ngang

Céc lyc P, phén ra lam hai thanh phan
do goc nghiéng ngang PB. Khi géc nghiéng
ngang P ting dan, dong thoi dudi tac dung ciia
luc P, xe s€ bi lat db quanh mat phéng di qua
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0, »(lé giao tuyén gitta mit dudong va mit phiang
thang goc qua truc banh xe bén phai) khi phan
luc phap tuyén ctia mat dat 1én banh xe phia
trén doc bang khong (Z" = 0) va c6 thé bi truot
ngang xudng chan doc khi phan lyc ngang
ctia mat dit tac dung l1én banh xe bang khong
(Y"=0).

Nhu vy, diéu kién dé ¢dam bao cho 6 to
khong bi lat ngang va truot ngang la:

Z">20;Y">0 (1)
Su mét 6n dinh ngang cé thé do bi lat
nghiéng hodc bi trugt ngang va ta cd cac goc 6n
dinh tuong ng: goc nghiéng gidi han 6n dinh
ngang theo diéu kién 14t do (B,), goc nghiéng
gidi han on dinh ngang theo diéu kién truot
ngang (B,).
3.2. Kha ning 6n dinh ngang theo diéu kién
chong trugt xe chuyén dung thu gom, van
chuyen, khir trung xac gia sic, gia cam bi
dich bénh
3.2.1. Khd ning on dinh khi chuyén dpng thing
Lap phuorng trinh c4n bang mo6 men céc

luc v6i diém tlep xuc cua banh xe phia chan
dbc vai miat dat, ta co:

Y M, =Y"B+Gsin fh+ Pn.h—(?— e).G.cosff=0(2)

Trong do6, Y” 1a cac phan lyc ngang ma
mat dat tdc dung 1én banh xe phia trén doc.

Tu phuong trinh (3.11), ta ¢o:
B :
Y'= (E—e).G.cosﬁ—G.sm Bh—-B.h (3)

Khi 6 t6 van chuyén trén duong thing

nén P, = 0;



NGHIEN CUU - TRAO DOI

Diéu kién dé dam bao cho 6 to khong bi
truot ngang 1a Y " > 0, nhu vay ta co6:

(g —e).G.cos fp—G.sin 5,h=0 4)
Trong do:

B —Chiéu rong co sd cia 6 to, B=1,65 [m];

h — Chiéu cao trong tdm, h = 2,486 [m];

e — D¢ léch tam so véi mat phang ding
doc, e =0,02668] m].

Thay céc gia tri trén vao cong thuc
(4.14), ta duogc: Bw ~17°9';

Vay goc doc gidi han dé 6 t6 khong bi
truot ngang la: Bw ~17°9".

3.2.2. Khd ning én dinh quay vong

Khi quay vong trén duong nghiéng
ngang, xe c6 thé bi truot dudi tic dung cia
thanh phén luc GsinB va P, = cosp do diéu kién
bam ngang cia banh xe va duong khong dam
bdo.

— ! )
. J
¥ It

Hinh 3. So dé luc tac dung lén banh xe chu dong

khi o luc ngang tac dung

Thay tri ) P, va rat gon, ta xac dinh
dugc van toc gidi han khi xe bi trugt bén:

gR(p, —1gf,)
l+o,12p,

\/gR(gﬂ cos 3, —sin 3,
v, = : “hay v, =

cos B3, —gsin f3, ®)
B,: Goc gioi han cua duong g voi van
toc tdi han;

o, He s6 bam ngang ctia duong va banh
xe (¢, = 0.4).

Van toc giéi han quay vong & cac do
doc khac nhau dugc thé hién trén bang 2.

Bdng 2. Géc gidi han quay vong & cdc d doc khac
nhau theo diéu kién chong truot.

Vin tbc ] Vin toc
D¢ doc quay Do doc quay
B"q) vong gioi B"‘p vong gioi
han (m/s) han (m/s)
1 5,215 9 4,033
2 5,081 10 3,868
3 4,937 11 3,696
4 4,795 12 3,516
5 4,650 13 3,329
6 4,501 14 3,132
7 4,349 15 2,923
8 4,194
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3.3. Khi niing 6n dinh ngang theo diéu kién
chéng 14t xe chuyén dung thu gom, vin
chuyén, khir triing xac gia sic, gia cAm bij
dich bénh

3.3.1. Khd ndng on dinh ngang khi chuyén
dong thing

! E

am—— &

- - 5 —= S—— S R N
2 B 4]

Hinh 4. So do tinh todn on dinh ngang theo diéu
kién chéng lat

Tur so d6 hinh (3.4), ta c6 truc lat cua 6
t6 1a duong thang O,0,. Khi 6 t6 ¢6 dau higu bi
lat do thi phan luc phap tuyén 1én céc banh xe
phia trén bi triét ti€u, (Z, = 0).

Ta c6 phuong trinh can bang mé men
quanh truc 14t O, O,.

G.sinf.h = G.cosp,.d (6)
Trong do:

h — Chiéu cao cta trong tam, h = 2,486 m;

d —Khoang céch giira trong tam téi truc 14t.

Xét hai tam gidc dong dang CAB va
0,0,D, ta co:

CA_0D___ L  _cu-cs L

)

CB 00, A\’ _
e LZ{BZBIJ Lz+[3 Bl]

- (7)

Tam gidc dong dang 0,0, D va O,BE, ta cé:
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EB _OD _ EB_B B _
O,E DO, b 2L

., b(B— B)
> EB = 7 (8)

T hinh, ta thiy rang:
b(B-B) B

2L 2
b(B-B)+B,L

2‘/L2+[B_281J 9)

Thay d vao cong thuc (3.17), ta c6:

B,
CB:EB+71<:> CB =

:)d:CA:

e 1gp b(B-B)+B,.L 2
2h L +[ﬂ] (10)
2
Trong do :
B, - Chiéu rong co so cua cAu sau,
B, = 1,495 (m); ‘
B — Chiéu rdng co s¢ cia cau trudce,
B =1,65 (m);
L — Chiéu dai co s& cua 6 to,
L =3,735 (m).

Thay céc gia tri vao (4.21), ta co:

1,4147.(1,65 — 1,495) + 1,495.3,735

2.27486\/3,7353 +(@J

Viay goc nghiéng giéi han theo diéu
kién chong lat ciia 6 t6 1a: p = 18°7".

<> 198 = = 02612 = B, =18°7"

3.3.2. Khd nang én dinh quay vong

Khi xe quay vong trén duong c6 do doc
nghiéng ngang, ngoai cac luc da trinh bay &
phﬁn trén, xe con chiu tac dung cua lyc ly tam
P, dat tai trong tdm cua xe (truc quay 1a YY).

Luc P, phan ra lam hai thanh phan do

gbc nghiéng ngang B. Khi goc nghiéng ngang f3
tang dan, déng thot dudi tac dung cua luc P, xe

&
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s& bi 1at d6 quanh mit phang di qua 0 | (la giao
tuyén gitta mat duong va mat phang thang goc
qua truc banh xe bén phai). Ung véi van tdc
2161 han va hop luc 2" = 0.

|
|
|
|
|
Y,
|

Hinh 5. So' d6 luc va mé men tdc dung lén o6 to
banh xe khi chuyén dong quay vong trén dwong
nghiéng ngang
Str dung cong thirc xac dinh phan luc Z".

Ta ¢0 tri sO cua luc ly tam.

Pl:

2
G (11)
g

R

G.[(2 —e) cos B, —h,.sin f, j.g.R
2
AV —

n

B .
G(hg.cosﬁ’d +(5—e) s1nﬂdj
Khi d6, ta xac dinh duoc van toc gidi

han (con goi 1 van tdc nguy hiém) khi xe bi lat
nhu sau:

Rut gon, ta duoc:

[(g —e) cos B, —h,.sin j, ).g.R

Yy =

n

- (12)
(hg.cos B+ (5 - e)). sin 3,

Suy ra:

B

B
1+ (E —e)h, 1gf5,

Trong do:

7[3 .~ Goc dbc gi6i han khi xe quay vong
bi lat do;

R —Bén kinh quay vong ctia xe, R =7,3 [m];

v — Van téc chuyén dong quay vong,
[m/s];

v —Véan tdc gioi han (hay van toc nguy
hiém);

g — Gia tdc trong trudng, g = 9,81 [m/s2].

Néu huéng nghiéng ctia dudng cing

phia véi truc quay vong thi van téc nguy hiém
khi xe 1at do 1a.

g.R.[(‘;} - e).z?ifg - Igﬁd]

v, =

B
1+ (E —e).h 1gp,

Van toc gidi han quay vong & cac do
doc khac nhau dugc thé hién trén bang sau:

Bdng 3. Géc gidi han quay vong & cdc d doc khac
nhau theo diéu kién chong lat

) Van téc Vin téc
Do doc quay D¢ doc quay

B°, vong gidi B, vong gidi

han (m/s) han (m/s)
1 11,668 9 9,975
2 11,612 10 9,794
3 11,195 11 9,618
4 10,973 12 9,446
5 10,760 13 9,280
6 10,553 14 9,117
7 10,353 15 8,959

8 10,162
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3.4. Kha niing 6n dinh ngang khi mdt banh
bi roi xudng rinh

Khi 6 t6 chuyén dong trén dia hinh
khong bang phang c6 thé roi vao truong hop cac
banh bén phai hodc banh bén trai roi dot ngot
xubng rinh hodc dot ngdt vuéng phai chudng
ngai vat. Trong truong hop nhu vay sé€ sinh ra
tai trong dong va 6 to co thé bi 1at nghiéng ngay
ca khi d6 nghiéng khong 16n. Trén hinh 6 1a so
d6 6 to khi bi nghiéng dot ngot.

Hinh 6. So' do 6 t6 khi dét ngét mét banh b roi
xuong ranh

Khi mgt banh cua 6 t6 bi roi dot ngodt
xudng ranh, trong truong hop ndy 6 t6 c6 thé
bi l1at ngang. Chia qua trinh lat ngang nay thanh
hai giai doan nhu sau.

- Giai doan mét: O t6 quay quanh O cho
t6i khi banh bén phai tiép xuc véi day ranh, luc
nay trong tim ciia 6 t6 s& dich chuyén theo cung
CC, vaha thép xuéng mot doan h, so chiéu cao
trong tam khi binh thuong.

- Giai doan hai: O t6 s& quay quanh
diévaz, luc nay trong tam cua 6 t6 s€ dich
chuyén theo cung C C, va dugc nang lén mot
doan h,.

O giai doan thi nhat, trong qua trinh 6
td quay quanh O, no6 s€ tich liiy dong nang va ¢
giai doan hai s€ tiéu hao nang luong da tich liy
dé nang cao trong tdm 1én mot doan h.,. Néu khi
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va dap khong cé su tiéu hao nang luong thi két
thuc giai doan hai, trong tam cta 6 t6 s€ dugc
nang 1én dén diém C,, tirc la dong ndng bién
hoan toan thanh thé nang.

G.h =G.h, (14)

Néu dong niang du 16n dé nang trong
tam cuia 6 t6 tir C; dén C, thi 6 6 s& bi lat do
hoan toan trong giai doan tiép theo do trong
luong ban than cia 6 to s& kéo né dd xudng
quanh O,. Nguoc lai, néu CI‘Qng nang tich Iy
0 giai doan mot khong du dé nang trong tam
cta 6 to dén C, thi dong nang s& bién thanh thé
nang dé kéo trong tdm cua 6 t6 quay lai diém
C,, ma chi nghi€ng di mot goc .

Vay diéu kién dé 6 t6 bi 1at d6 hoan toan
la:h =h,.

Ta co6 thé xac dinh dugc chiéu sau cua
ranh h,.

h =R —h (15)

Mat khéc tir hinh 6, ta co:

BZ
=>h, =2.619-2,486 = 0,133 [m]

Tinh 6n dinh ngang cua 6 t6 khi mot
bén banh bi roi dot ngdt xudng ranh duoc danh
gid béi goc nghiéng B, (hinh 6). Dya vao so do
6, ta xac dinh dugc goc B,

: h, 0133
sin f, =4 ==""-0,080=>p =4°7" (16
By B 165 By (16)

Vay, ta c6 goc gioi han ngang trong
truong hop mot bén banh bi roi xudng ranh 1a
B, = 4°7" hogc chiéu sdu ranh h, < 0,133 [m].
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4. KET LUAN

Tir két qua tinh toan & trén da xac dinh
dugc goc nghiéng gidi han khi 6 to chuyén dong
trén dudng thang 1a: Géc nghiéng gidi han theo
diéu kién chdng truot ngang la: B(p ~ 17°9', goc
nghiéng gidi han theo diéu kién chong lat cta
0 t0 la: B, = 18°7', xac dinh dugc van tdc quay
vong gidi han cia xe chuyén dung thu gom, van
chuyén, khir tring xéc gia suc, gia cAm bi dich
bénh g vdi goc nghiéng ngang cuia duong van
chuyén duoc ghi trong bang 2 va bang 3. Két
qua nghién ctru ndy 1am co so dua ra ché do sir
dung hop 1y va an toan cua xe 6 t6 chuyén dung
thu gom, van chuyén, khir tring.

Loi cam on:

Bai bao nay 1a san pham cua dé tai
“Nghién ctru cong nghé, thiét ké va ché tao
hé thong thiét bi chuyén dung thu gom thiéu
huy xéc gia suc, gia cam bi dich bénh”, ma s
DTDL.CN - 01/21. Xin tran trong cdm on Vu
Khoa hoc va Cong nghé cic nganh kinh té ki
thuat, Van phong cac chwong trinh trong diém
cép nha nudc cua B Khoa hoc va Cong nghé,
Truong Pai hoc Lam nghi€p, Pai hoc Bach
khoa Ha Noi, Cong ty Co phan Thiét bi chuyén

dung Viét Nam va cac nha khoa hoc, cac thanh
vién dé tai da ho trg, giup d& dé hoan thanh bai
bao nay. %

Ngay nhan bai: 19/7/2023
Ngay phan bi¢n: 03/8/2023
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CHE TAO MO HINH HEXAPOD (PHAN DIEU KHIEN)
HEXAPOD MODEL FABRICATION (CONTROLLER MODULE)

Nguyén V6 Hong Tién, Vo Tin Pat, Phan Trung Pirc, Pham Son Minh,
Buii Chan Thanh, Nguyén H)
Trudng Pai hoc Su pham K§ thuat Thanh phd H5 Chi Minh

TOM TAT

Bai bdo nay trinh by qud trinh nghién ciru va ché tao may uon oéng CNC 3D ¢6 khd ning
uon dwoc ong cé nhiéu ban kinh khéc nhau ma khéng can thay doi dung cu. May dwoc nghién ciiu
va thiét ké dé ché tao phuc vu nhu cau cia thi triong vé gia cong tao hinh. Mé hinh uén ong nhiéu
bédc tw do la mét thiét bi duoc sir dung dé uon 5ng kim logi thanh cdc hinh dang khdc nhau. Mo hinh
nay co thé dwoc sir dung trong nhiéu linh vuee khéc nhau va cé thé dwoc ché tao tir nhiéu logi vit
liéu khéc nhau. M6 hinh nay cé thé dwge diéu khién bang tay hodc bang mdy tinh va c6 thé dwgc
Idp trinh dé uon ong theo cdc hinh dang phirc tap mét cach chinh xdc. Cdc bude ché tao mé hinh
mdy uén éng nhiéu bdc tw do bao gom thiét ké mé hinh, chon vit liéu, gia cong cdc bé phdn, ldp

rap, thiet ké h¢é thong diéu khién cho may uon ong, kiém tra va swa chita.

Tir khéa: Ché tao mé hinh hexapod (phdn déng co); Uon ong kim logi; Thiét ké mé hinh
uon ong; Hé thong diéu khién.

ABSTRACT

This article presents the process of researching and manufacturing a 3D CNC pipe bending
machine capable of bending pipes of different radii without changing tools. The machine is
researched and designed to serve the needs of the market for shaping processing. Multi-degrees-of-
freedom pipe bending model is a device used to bend metal or plastic pipes into different shapes.
This model can be used in many different fields and can be fabricated from a variety of materials.
This model can be controlled manually or by computer and can be programmed to bend pipes
to complex and precise shapes. The steps of making a model of a multi-degrees of freedom pipe
bending machine include model design, material selection, parts machining, assembly, inspection

and repair, and control system design for the pipe bender.

Keywords: Hexapod model fabrication (motor part); Metal pipe bending,; Pipe bending

model design; Control system. &
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1. GIOI THIEU

Hién nay, nganh cong nghi¢p lién quan
t6i co khi, 6 t0, vat liéu. .. dang phat trién manh
& nudc ta, vi vy cac chi tiét dang dng c6 vai tro
rt quan trong va c6 nhiéu hinh dang phuc tap.
Chinh vi vay, cac doanh nghiép, nha may luyén
thép trong nudc dang chu dong hoan thién cac
quy trinh va thiét bi ché tao cac phoi thep dang
ong v6i chat luong dang ngay cang tiép can véi
thé gidi.

Trén thé gidi, hién nay may uén da dang
tir bang tay, dén dong co roi dén NC hay CNC
c6 thé ubn vé6i nhiéu ban kinh khac nhau véi do
chinh xdc va ning sudt rat cao. Tuy nhién, theo
nhu nhém nghién ctru tim hiéu thi & nude ta chi
c6 méy udn bang tay, thuy luc,... con may udn
6ng 6 tryc thi chwa phat trién va hau nhu chua
c6 va van dé can giai quyét 1a lam sao c6 thé
ché tao, gia cong duoc san pham do Viét Nam
san Xudt, ma niang suat va chat luong khong
thua kém céc loai may ctiia nude ngoai, chi phi
ché tao ré hon, két cau may don gian, dé van
hanh khi san xuét, dé thay thé va sira chira khi
bao dudng.

Ubn 6ng 1a phwong phap ché tao duoc
st dung dé tao thanh 6ng vinh vién bang cach
u6n cong chung. Trong nhiéu trudng hop, dng
udn cong hitu ich hon & dang thang. Viéc udn
6ng ¢ thé duge thuc hién thong qua mot )
quy trinh khac nhau, bao gém udn kéo quay,
udn ép, udn ép khung dong va udn lan, nhung
mdi phuong phap déu dua trén cac khai niém
co ban gidng nhau. Cac nguyén tic udn nhu do
gidn dai va ban kinh uén cong, ciing nhu cac
chirc ndng cong cu cua tryc 161 va con chay, tao
thanh nén tang cho hau hét cac hoat dong uén
6ng. Nhiing nguyén tic niy giao nhau theo mot
s6 cach anh huong dén hiéu qua cta san xuat
ong.

Nhan dinh vé hiéu qua kinh t& — xa hoi
cua nhiém vu khoa hoc — cong nghé "Nghién
ctru thiét ké, ché tao thiét bi udn 6ng CNC" vira
hoan thanh, ThS. Bui Quang Vinh khang dinh,
v6i nhimg vu diém trén, viéc phat trién cong
nghé va thiét bi uén 6ng CNC theo nguyén ly
bién dang tao hinh (tao hinh san pham dang ong
theo nguyén Iy bién dang lién tuc khong khudn)
s& gitip phat trién linh vuc tao hinh bng, tir d6,
gitp cac linh vuc cong nghiép miii nhon hién
nay cua Viét Nam nhu 0 t0, thuc phém, dau khi,
thiét ké, ché bién thuc phém, ché tao va bao tri
may,... c¢6 diéu kién chu dong hon cic trang
thiét bi va ngudn vt tu trong san xuat, ting ty
1¢ noi dia hoa céc chi tiét lap rap trén san pham
hoan chinh.

Pé phat trién hon mé hinh May uén
6ng 3D CNC, PGS,TS. Ding Vin Nghin, KS.
Nguyén Minh Tuan, KS. Tir Diép Cong Thanh,
B6 moén Co Di¢n tir, Khoa Co khi, Truong
Pai hoc Bach Khoa Thanh phd H6 Chi Minh
da nghién ctu thiét ké va ché tao mo hinh
Hexapod. Pay 1a mot linh vuc phét trién rat
nhanh theo nhitng huéng khac nhau nhu: robot
song song, may dong hoc song song... nhung
déu dya theo nguyén 1y do Stewart dua ra vao
nam 1965 va thuong dugc goi la Nguyén ly
Stewart. Co cdu nay gom 06 chan co6 do dai
thay d6i duoc, cac chan nay lién két voi gia
va tam cb dinh (platform) bang cac khép cau.
Bing cach thay d6i chiu dai cac chan, ta co thé
thay d6i vi tri va hudng cta tdm dich chuyén
trong khong gian. Uu diém cua viéc sir dung
hexapod vao may u6n dng c6 thé cho chiing ta
tao ra nhimg dng udng c6 hinh dang phic tap
theo yéu cau ctia khach hang theo timg linh vuc
nhu thiét bi 6 t6, thiét bi kién tric... Bo diéu
khién chuyén sau chan dua trén mé hinh dong
hoc ctia nd, cac phuong trinh cho sau chuyén
dong co ban (chuyén dong ba truc va truc xoay
ba truc) dugc ldy tir mé hinh nay. Cac phuong
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trinh nay duoc thue hién tryc tiép trong chuong
trinh di€u khién dé di¢u khién chuyén dong va
quay co ban.

2. PHAN CUNG HE THONG PIEU KHIEN

Phan cimg diéu khién duya trén giao thirc
CANopen (hinh 1) va hoat dong trén nguyén ly
point to point (hinh 2).

CANopen la mét giao thirc 16p ung
dung dua trén CAN. N6 duoc phat trién nhu
mot mang nhing tiéu chuan hoa véi kha ning
cu hinh rat linh hoat. CANopen duogc thiét
ké cho cic mang diéu khién méy dinh hudéng
chuyén dong, chang han nhu cac hé thong xur
ly. Pén nay, n6 dugc str dung trong nhiéu linh
vuc khac nhau, chang han nhu thiét bi y té, xe
dia hinh, dién to hang hai, giao thong cong
cong, tu dong hoda toa nha, v.v...

Giao thuc cip cao CANopen di phat
trién dén murc ndi bat dic biét. CANopen dugc
phat trién va hd trg boi to chiic phi loi nhuan
qudc t& CAN trong Ty dong hoa (CiA) cho nguoi
ding va nha san xuat CAN thong qua Tap doan
CANopen Interest. Duoc thiét ké ban dau dé st
dung trong cac hé théng diéu khién may chuyén
dong, tiéu chuan CANopen hién duoc str dung
rong rai trong tu dong hoa. Vi du, CANopen la
mot giao thirc duoc st dung phd bién trong ché
tao robot, bén canh cac bang chuyén nha may va
trén toan bd may moc cong nghiép.

Hinh 1. Hé thong CANopen
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S6 diém chay
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Point 2

Point n
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Servo 1 Servo 2 Servo 3 Servo 4 Servo 5 Servo 6 Servo 7
! ! ' ! ! ' J

Hinh 2. Nguyén ly hoat déng ciia mdy uén ong

(nguyén ly point to point)

3. PHAN MEM CUA HE THONG DIEU
KHIEN

DOPsoft 1a mot phan mém 1ap trinh va
cAu hinh danh cho cac thiét bi HMI (Human
Machine Interface) cia hang Delta Electronics.
HMI 13 mot thiét bi tuong tac gitta con ngudi va
may moc trong cac hé théng tu dong hoa cong
nghiép. Phan mém DOPsoft dwoc phat trién
dic biét dé 1ap trinh va cau hinh cac man hinh
HMI ctia Delta. DOPsoft cung cdp mét giao
dién d6 hoa truc quan, cho phép ngudi dung dé
dang tao ra cac man hinh HMI tuy chinh. Véi
DOPsoft, ngudi dung ¢ thé thuc hién cac tac
vu nhu tao cac ddi tuong dd hoa, tao va quan ly
céc nat nhan, diéu khién dong co va cac thiét bi
diéu khién khac, hién thi dit liéu va thong bao,
va thiét lap céc biéu db va do thi. Mot trong
nhiing tinh nang quan trong cua DOPsoft 1a kha
nang két ndi va giao tiép véi cac thiét bi va hé
thong khac trong mang ty dong hoa. Phin mém
nay hd tro nhiéu giao thirc truyén thong nhu

Modbus, Ethernet/IP, BACnet, va cac giao thuc &
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khac, cho phép truyén théng dé dang véi cac
thiét bi PLC (Programmable Logic Controller),
may tinh va cac thiét bi ngoai vi khac. DOPsoft
cung cip mot moi trudng 1ap trinh linh hoat va
manh mé cho viéc tao ra cac ing dung HMI
phuc tap. Nguoi dung c6 thé tuy chinh giao
dién, tao ra cadc hanh dong va phan hdi tuong
tac, va lap trinh cac chirc niang diéu khién theo
¥ mudn. Bén canh d6, phan mém ciing hd tro
Vlec kiém tra va mo phong Lrng dung trudce khi
trién khai trén thiét bi thuc té, giup tiét kiém
thoi gian va ting tinh tin cdy cta hé thong. Vi
cac tinh nang va kha nang linh hoat, DOPsoft
12 mot cong cu quan trong cho viéc phat trién
va quan ly cac tng dung HMI cua Delta
Electronics. Tir DOPSoft, ta c6 thé tao ra dugc
man hinh diéu khién voi cac niit nhin mang
nhimng chirc ning riéng. Bit dau voi man hinh
khéi dong (Hinh 3). Pay 1a giao dién cho cua
hé théng, hién thi so b cac thong tin cia thiét
bi. Can nhan Operation, dang nhap dé chuyén
sang cac trang diéu khién chinh khac va thoat
khoi giao dién gidm sat.

FIL B MR RCHINL

Hinh 3. Man hinh khoi dong

Sau day 1a mot s6 doan chuong trinh
duogc 1ap trinh trén phan mém ISP Soft.

* Mgt doan chwong trinh chinh:
Trong do:

- Cau lénh ASDON: Servo-ON va
Servo-OFF.

- Cau lénh CASD: Cai dat thoi gian
tang toc va thoi gian giam toéc cho mot servo.

- Khi 1énh chuyén tir Tit sang Bat, PLC
bt dau thuc hién 1énh nay dé khoi dong dia
chi tram servo 1 va khi servo dugc khoi dong,
SM1651 BAT, nghia la Servo-ON.

- Sau d6, ta bit dau nhap dir liéu vao
lénh CASD. Lénh nay thiét lap thoi gian ting
tdc va giam tdc servo cho servo tai dia chi trong
S1. S2: Thoi gian tang tdc, 1a khoang thoi gian
ma trong d6 servo quay tir 0 dén 3000 vong/
phiit. S3: Thoi gian giam tdc, 1a khoang thoi
gian trong d6 servo quay giam tr 3000 vong/
phat xudng 0.

- Tuong tu nhu Servo 1, Servo 2, 3, 4,
5, 6 cling dugc thiét 1ap thong qua cau 1€nh
ASDON va CASD.

* Poan chwong trinh set home cho may:
Trong do:

* Lénh ZRNC: Lénh nay thuc hién diéu
khién dan huong servo cho servo tai dia chi
duoc chi dinh trong S1, dugc st dung dé moi
truc servo quay tré lai diém 0.

« Pham vi cua S1 1a 1-8 (d6i véi servo),
s& khong thyc thi khi gia tri dau vao nam ngoai
pham vi.

* Pham vi cta S2 la 1-20000. Pon vi:
0,1 vong/pht.

e Pham vi cia S3 1a 1-5000. Pon vi: 0,1
vong/phut.

Lénh DMOV: 1énh truyén dir liéu v6i S
la nguon dit li¢u (Data source) va D 1a dich dén
cua dir liéu (Data destination).
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Hinh 4. Boan chuwong trinh ON/OFF servo

E i

Hinh 5. Doan chwong trinh SetHome

4. KET LUAN

Dau tién, ching toi da thiét ké va xay
dung mot h¢ thong diéu khién ciia DOPsoft va
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ISPsoft dé diéu khién hé thdng hexapod cia
may ubn ong, giup no thuc hién cac chuyén
dong mat cach chinh xac va on dinh. Chung t6i
d3 str dung céc thuat toan diéu khién dién hinh
nhu HMI diéu khién dé diéu khién hexapod
ciia may udn ong. Véi sy co dong nhidu truc
ctia hexapod, ta ¢6 thé diéu chinh va van hanh
mot cach hi¢u qua tiy theo hinh dang o ong, kich
thude do dai cua dng phi hop voi yéu cau cua
khach hang va doanh nghiép. Tong quan, phan
diéu khién hexapod di mang lai nhiing thanh
tyu quan trong voi nén co khi Viét Nam va mo
ra tiém ning rt 1on cho cac Gmg dung tuong
lai. <

Ngay nhan bai: 25/7/2023
Ngay phan bi¢n: 03/8/2023
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CHE TAO HE TRUYEN PONG CHO MODULE CHAN CUA
HE THONG HEXAPOD

MANUFACTURING THE HEXAPOD MODULE

Tran Minh Thé Uyén, Bui Chan Thanh, Nguyén H¢, Nguyén Tién Diing,
Pham Quén Anh, Lé Thanh Ti, Phan Nhat Hao, Téng Huynh Qudc Thinh
Truong Pai hoc Su pham K¥ thuat Thanh phé Ho Chi Minh

TOM TAT

Hién nay, trén thé gidi, mdy uén ong dwoc sir dung réng rdi trong cdc nganh cong nghiép va
trong xdy dwng, trang tri ndi that véi rat nhiéu ching loai éng khdc nhau ¢é dwong kinh ciing nhuw
vit liéu lam ong rat da dang. Viéc ché tao mdy uon phit hop véi nhu cau rdt can thiét. Trén thé gidi
dd 6 nhiéu logi may uon khdc nhau, tir thi cong, ban tw dong cho dén tw dong NC va CNC voi cac
ban kinh khdc nhau rat da dang. Bai bdo ndy néu ra cdc phwong dan thiét ké, ché tao dau uén éng,
sir dung phirong phdp dinh lwong trong qud trinh tinh todn, phdn tich két hop véi thie nghiém nham
hoan thién mé hinh nghién ciru. Hé thong dau uén ong sau khi thiét ké va da dwoc thie nghiém véi
cdc két cau nhw dau uén ong va than may tach riéng biét, than may tich hop dau uon ong. Cdc két
cau dau uon ong da dwoc danh gia truc quan.

Tir khéa: Ddu uon ong; Phwong phdp dinh liwong; Mdy uén éng.
ABSTRACT

At present, in the world, pipe bending machines are widely used in industries and in
interior decoration with many different types of pipes with diverse diameters and materials. It is
very important to make a bending machine in accordance with the need. There are many different
types of bending machines in the world, from manual, semi-automatic to automatic NC and CNC
with different radii. This article outlines options for designing and manufacturing pipe benders,
using quantitative methods in the process of calculation, analysis, and experimentation in order to
complete the research model. The pipe bender system is designed and tested after being designed
and tested with structures such as separating pipe bender from body, and the body integrated with
the pipe bender. The pipe bend head structures were visually evaluated.

Keywords: Pipe bender, Quantitative methods, Pipe bending machines.
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1. GIOI THIEU

Nuéc ta dang trén da phat trién nganh
cong nghiép ning, luong éng sir dung cho cic
nganh cong nghiép 1a twong ddi 16n, tuy nhién
luong 6ng san xuét trong nudc phan 16n tir cac
loai may ubn thu cong, ban ty dong véi kha
ning tao hinh chua linh hoat va niang suat thip
khéng dap tng duoc nhu cu s dung trong
nudc. Vi vay, viéc nghién cliru ché tao dau udn
6ng voi kha nang linh dong trong kha ning
tao hinh linh hoat va cho ra ning suit cao dap
tmg duoc nhu cau st dung 6éng trong nudc,
gop phan day manh sy phat trién nganh cong
nghi¢p nudce ta [1, 2].

Nam bét duoc tinh cép thiét, tim quan
trong cling nhu nhu cau cta thi trudng trong
nudce, viée nghién ciu, thiét ké va ché tao dau
udn 6ng véi kha nang linh hoat trong viée tao
hinh cho éng va cho ra ning suét cao 1a rt can
thiét. Vi nhimg 1i do trén cung v6i su hudng
dan ctia thdy Pham Son Minh nén nhom ching
em di chon dé tai: Ché tao hé truyén dong cho
module chan cua hé théng hexapod.

2. PHUONG AN THIET KE

Viéc thiét ké va ché tao dau udn 6ng
nham muc dich mang lai ning cao chét luong
va hiéu suit lam viéc, tao ra nhiéu san phém
6ng da dang vé hinh dang, goc do. Cac phuong
an thiét ké duoc dé xuét va phan tich wu, nhuoc
diém nhu sau:

2.1. Phwong an 1
Dau uon éng va thin mdy tich riéng biét:
Day 1a hé thong uén tu do Hexa-Bend

dugc tach khoi phan than may [3]. Trong hé
thong nay, co cau song song chu yéu dugc st
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dung dé thuc hién chuyén dong cua khuon udn
trong khong gian, truc ga linh hoat thuong dugc
sir dung dé giam bién dang va do day thanh tai
vi tri udn [4]. Hé théng c6 cac thanh phan cdt
16i gdbm 6ng, khudn udn, 6 d& hinh cau, thanh
dan hudng va co cau day. Khi hé théng & vi tri
0, tam cua O d& hinh cau, khudn udn, thanh dan
huéng va co cdu ddy nam trén cing mot truc
[5]. Phuong an ndy c6 cac wu, nhuoc diém nhu
sau:

— Uu diém: Hé thong dé lap dat, chuyén
dong linh hoat, d cting vitng cao do céc chi tiét
tiéu chuan nhu gbi & duoc dit trén mat phang.

— Nhuoce diém: Hé théng dau udn tach
10 than may nén chiém nhiéu khéng gian.

Hinh 2. Phwong an 2

2.2. Phuwong an 2
Thén mdy tich hop dau uén ong:

Cac thay d6i cua phuong an 2 so véi

phuong an 1:
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— Két cau dau uon ong duoc thiét ké toi
uu giap hé thong udn co thé gan lién voi than
may.

— Sir dung h¢ thong truyén dong vit me
dai oc dé dicu khién tam di dong.

— Tam di dong c6 thé chuyén dong linh
hoat trong khong gian bdi cac khdp cau.

* Un diém:
— Ti wu khong gian nha xuong.

— Céc chi tiét dugc thiét ké d& dang dé
cheé tao.

— Do chinh xac cao do dau uon ong,
thanh dan hudng, co cau day cung nam trén
mot truc.

— Pat duoc do chinh xac.

* Nhwoe diém:

— Béo tri, bdo dudng thudong xuyén cac

— Do cung viing thap do cac chi tiét
khong duoc dat trén cung mat phang.

3.THIETKE VA TINH TOAN HE TRUYEN
PONG

3.1. Thong sé dau vao
— S6 vong quay motor, n, =2000 (rpm);

—S6 vong quay qua hop giam tdc,
n, =100 (rpm);

— Cong suat trén tryc banh rang dan,
P=P =075 (kW);

— S6 vong quay truc banh ring dan,
n,=n = 100 (rpm);

—Tisb truyén, u=u =25;

— S vong quay truc banh rang bi dén,

n, = % = 40 (rpm).

Mo-men xoan trén truc banh rang dan:

chi tiét may. _9,55.10° P;.  9,55.10°.0,75
T, = - = <00 = 71625 (N.mm)
3.2. Chon vit liéu
Bang 1. Chon vat liéu
A Gidi han | Gidgi han
AL A A Nhiét D(') cung chﬁy [GH] [GH]max [GF]max
Vat liu o
luyén
(HB) | S (MPa) S, (MPa) | (MPa) (MPa) (MPa)
BRdin | Thép C45 | 101¢dl 230 450 481,82 | 1260 360
thién
BR bi din | Thép C45 Tgl;‘j“ 218 450 460 1260 360
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3.3. Xac dinh tng suit cho phép

Theo bang 6.2 trang 94 [1] v&i thép 45,
t6i cai thién dat do ran HB = (180+350).

0% = 2HB +70; S, = 1,1 — H¢ s6 an toan
khi tinh vé ti€p xtc, bang 6.2.

o°,. = 1,8HB; S_= 1,75 — H¢ 6 an toan khi
tinh vé udn, bang 6.2.

Chon d6 ran banh nho HB1 = 230, d6
rén banh 16n HB, = 218, khi d¢:

=2HB, + 70 =2.230 + 70 = 530 (MPa)
=2HB,+ 70 =2.218 + 70 = 506(MPa)
= 1,8HB, = 1,8.230 = 414 (MPa)

= 1,8HB,= 1,8.218 = 392,4 (MPa)

Gc.Hliml
GOHIimZ
GOFIimI
GC.Flim2

Theo CT 6.5 trang 93 [1]:

Nyo = 30.HZ}

Nyo: = 30.HZX:, = 30.230%* = 13972305

Nuoz = 30.HZ: = 30.218%* = 12286179

Thoi gian str dung cua banh rang: L, =
18000 gid => S6 chu ky 1am viéc 1a (Theo CT
6.7 trang 93 [1]):

Nyg1 = Npg; = 60cn;t = 60.1.470.18000 = 507600000
Nygz = Npgo = 60cn,t = 60.1.117,5.18000 = 126900000

=>DoN,,,>N,,,dodo K, =1;N >N

HE1 HO1’

dodo K, = 1.

HO2

Do d9 ctmg banh ring dan va banh ring
bi dan HB < 350 nén chon m, = m, = 6 theo
trang 93.

Ung suat tiép xtc cho phép: Theo CT
6.1a trang 93 [1]:
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KuL

_ 0
[ou] = UHlim-g

1
[041] = 530. = 481,82 (MPa)

’

1
[042] = 506.— = 460 (MPa)

’

Ap dung cong thirc 6.12 trang 95 [1]
tinh Gng sudt tiép xac cho phép banh ring tru
rang nghiéng:

[ou]l = i/015-([0}11]2 + [ow2]%)

= 1/0,5.([481,82]2 + [460]%) = 471 (MPa)

Theo CT 6.6 trang 93 [1], tai trong tinh:
NHE - NFE'

Do N, = 4.10° ddi voi tat ca cac loai
thép: N, >N, ,dodo K  =1;N_, >N, do

do K, = 1.

FO’

Ung suit udn cho phép: Theo CT 6.1b
trang 93 [1]:

Kgc-KrL

_ 0
[08] = Opiim- Se

[0%1] = 423. 7= = 241,714(MPa)
1.1
[032] = 405. 1= = 231,429 (MPa)

Ung suat qua tai cho phép duoc tinh
theo cong thurc 6.13 va 6.14 trang 95:

[o,,].. =286, =2,8.450 = 1260 (MPa)

[6,,] =280, =2,8.450=1260 (MPa)

HZ]max o

[GFl]max: 0’86Ch]: 058450 = 360 (MPa)

[o 0,8, = 0,8.450 = 360 (Mpa)

F2]max -

&
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3.4. Xac dinh khoang cach truc

Khoang cach truc dugc xac dinh theo
cong thirc 6.15a trang 96:

3 Tl' KHﬁ
ay = K(u+1). ’—
v : [GH]Z-u- lIjbal

71625.1,02
482,34%.2,5.0,315

3
= 43.(2.5 + 1). J = 112,55 (mm)

Trong do:

K =43 MPa'” (bang 6.5 trang 96 [1])
— Heé s6 phu thudc vt liéu cip banh ring, loai
rang thang hodc nghiéng, Bang 6.5

Trabang 6.6 trang 97 [1], chony, =0,315.
v, =0,53.y, .(u+1)=0,53.0,315.(2,5+1)~0,584

Tra bang 6.7 trang 98 [1], chon K= 1,02.
=>Chona =115 (mm)

4. GIACONG VA LAPRAPCAC CHITIET

Sau khi gia cong cac chi tiét dugc lap
dat 1én hé théng khung nhu hinh 4, toan bg qua
trinh uén ong s& dugc diéu khién théng qua
viéc 1ap trinh motor. Toan bd hé théng duoce ¢b
dinh chic chén trén khung may. Pong co xoay
két hop cung hop giam tdc diéu khién co cu
banh ring, vit-me tinh tién 1én xudng s& lam
cho hé théng udn tao hinh ng theo ¥ mudn cia
ngudi diéu khién. Qua trinh tinh tién s& duoc
dinh vi bfmg cac bg thudc quang. Toan bd hé
thdng diéu khién duoc bd tri gon gang xung
quanh tdm gitr. Piéu nay gop phan do bén cho
hé théng con 1am ting tinh tham mi, tranh viéc
cac chi tiét va dap, chéng chéo 1én nhau. TAm
gilr thyc hién chtrc nang udn, tao hinh cho 6ng
duoc ndm tach biét dam bao d6 chinh xéac cho
toan bd qua trinh 6ng tir dau vao dén dau ra.

Két qua udn va tao hinh dugc thé hién rd & hinh
5-6.

5. KET LUAN

Trong nghién ctru nay, phuong an thiét
Kké hé théng Hexapod thuc hi¢n udn 6ng léch
tam dd duoc dé xudt va phan tich. Cac chi tiét
duoc tinh toan va gia cong can than trude khi
ché tao. Hé thdng sau khi ché tao da trai qua qua
trinh thyc nghiém, kiém tra chat luong thanh
pham. Két qua cho thdy duoc hé thng rat linh
hoat trong qua trinh tao hinh vé&i goc d6 udn tir
30 dén 60 d6, bé mit chuyén tiép van gitr duoc
co tinh vét liéu con dam bao tinh thAm my cho
san pham. Nhin chung san phim dwgc hoan
thién rat tot, co thé dua vao tng dung trong cac
linh vuc cong nghi€p.

| il 3 ==

T,

Hinh 3. Co cdu truyén déng

Hinh 4. Hé thong Hexapod
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THIET KE CUM DAN PONG CHO ROBOT VE SINH PIN
NANG LWONG MAT TRO'I DUWA TREN CO' CAU CAMSO TTS

DESIGN OF TRACK ASSEMBLY FOR SOLAR PANEL CLEANING ROBOT BASED
ON CAMSO TTS MECHANISM

Phan Trung Pat', Nguyén Minh Pirc', Nguyén Huy Hung?, Duwong Vin Ta"2
'Khoa Co khi, Truong DPai hoc Bach Khoa, Pai hoc Quéc gia Thanh phé HO Chi Minh
2DCSELab, Trudng Dai hoc Bach Khoa, Pai hoc Québc gia Thanh phd Ho Chi Minh

TOM TAT

Bai bao trinh bay thiét ké co khi cum track cho robot vé sinh pin nang luong mat troi dua
trén co cau CAMSO TTS. Phuong dn thiét ké phit hop dwege lwa chon tir cdc phwong én khd thi ban
dau. Tir phirong an dwoc chon, so do nguyén Iy va mét sé théng sé quan trong dwoc ddt ra cho bai
todn thiét ké két cau cum track. Cac chi tiét co khi dwoc tinh todn, thiét ké va lwa chon dé dam bao
nguyén Iy ciing nhw diéu kién van hanh cia cum track. Sau d6, cum track dwoc mé phong dé khao
sat kha nang bam cua cdc banh voi cac mat pin cong khdac nhau ciing nhu quy dao cua tdm cac banh

xe. Két qua mé phong la co s6 dé giGi han cdc khép xoay ciia co cdu trong qud trinh thiét ké.
Tw khéa: Robot vé sinh pin nang lwong mat troi; CAMSO TTS.
ABSTRACT

This paper presents the mechanical design of a track assembly for solar panel cleaning
robot, based on the CAMSO TTS mechanism. The appropriate design solution is selected from
initial feasible options. From the chosen one, a kinematic diagram and some important parameters
are set for the design of the track assembly. Mechanical components are calculated, designed, and
selected to ensure the principles and operational conditions of the robot. Subsequently, the track
assembly is simulated to investigate the traction capability of the wheels on various curved surfaces
as well as the trajectory of the wheel centers. The simulation results serve as a basis to limit the

Jjoints's angle of the mechanism during design process.

Keywords: Solar panel cleaning robot; CAMSO TTS.
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1. TONG QUAN

Ngay nay, robot v¢ sinh pin nang luong
mat troi (Solar Panel Cleaning Robot — SPCR)
dang duoc st dung rong rai trén thé gidi trong
viéc vé sinh cac hé thong pin quang dién tir quy
md nha xudng dén trang trai. Pia hinh hoat
dong cua SPCR kha phue tap, tuy thude vi tri
dia 1i va cdu truc ldp dat cua hé thong dién mat
troi tai noi d6. Nhin chung, dia hinh hoat dong
ctia SPCR 12 mot bé mat cong [1], tron udt va
c6 mot do nghiéng so v6i mat dat. Do do, cac
SPCR can phai duogc thiét ké dé co kha ning
bam duoc trén cac dia hinh nhu thé ma khong
bi trugt khi van hanh. Ngoai ra, voi mot khi
luong ning nhu thé, van dé& vé tudi tho cia
cac tAm pin cling can duoc quan tim. Mot sd
nghién ciru trude day chi ra rang cac tim pin
s& bi giam cap va hinh thanh cac “microcrack”
gay ra boi cac rung dong bén ngoal [2]. Dé giai
quyet cac van dé trén, mot sd mau SPCR trén
thé gidi dugc thiét ké tich hop co céu giam
chan vao trong cum banh cua ching.

Nam 2019, Cong ty CleanSR cua Thai
Lan d3 cho ra mat mau SPCR c¢6 co ciu giam
chan bang 16 xo va cac cip banh xe c6 khép
xoay ngoai [3]. Mic du co cdu giam chan nay
c6 kha ning bam theo bién dang cong ciia bé
mit pin nhung sy tiép xtc giita 4 cip banh xe
ctia robot nay va mat pin chi la tiép xtic duong
nén dé bi truot khi bé mat pin wot. Mot thiét ké
khac st dung cac phudc nhin dé tao luc déy
gitip dai bam bé mit pin duoc sir dung trong
cac mau SPCR cua Serbot PVClean (Thuy Si)
Va DCSELAB (Vlet Nam) [4], [5]. So voi co
ciu trude, co cAu ndy tan dung duoc vu diém
ctia dai cao su dé ting dién tich tiép xuc giita
dai va bé mit pin, gitp hap thy rung dong va
tang kha ndm bam cho robot. Tuy nhién, v&i
nhitng bé mit pin c6 d6 vong khic nhau thi
cum giam chin can phai dugc tinh toan lai dé
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dam bao hi€u qua hoat dong. Ngoai ra, khi hoat
dong méi truong bui ban va khic nghiét nhu
bé mit pin, cum giam chan ciing can phai duoc
bao dudng mot cach phu hop dé tranh ket 16 xo.
Niam 2016, CAMSO —mot cong ty ché tao may
da cho ra doi thiét ké cum banh TTS (Trailed
Track System) cho cic dau mdy nong nghiép
ctia ho. Mic du co ciu nay khong dugc thiét ké
danh cho SPCR nhung no thtra hudng dugc cac
vu diém cta cac cum giam chin di c6 va khéc
phuc duoc nhimg nhugc diém con ton tai. Do
chinh 1a kha ndng bam theo moi dia hinh khong
bang phang cuc ki t6t va khong can hiéu chinh
lai thong s6 nhu giam chan 16 xo da dé cap ¢
trén nho vao hé banh 9 bac tu do. Ngoai ra, ap
luc tac dung lén bé mat dai tai cac banh déng
déu, gitip duy tri luc ma sat ddng déu trén khip
bé mat tiép xtic [6]. T nhitng phan tich trén
c6 thé thiy rang nhing dic diém co hoc cua
CAMSO TTS réat phu hop ddi véi dia hinh di
chuyén 1a bé mat tdm pin PV,

Tuy nhién, thiét ké nguyén ban cta co
cu TTS danh cho banh bi dong ciia dau may
néng nghiép, vi thé dé phu hop cho SPCR, co
céu TTS can duoc thiét ké thém chirc ning dan
dong va lugc bé mot s6 bac tu do khong can
thiét dé giam khoi lugng cho SPCR. Bai bao nay
dé xuat mot thiét ké cum banh cho SPCR dya
trén nguyén 1y cta co cdu TTS. Sau do, ving
khong gian hoat dong ciia cum banh nay cling
dugc mo phong bang phan mém GeoGebra.

2. PHUONG AN TRIEN KHAI

Tai liéu [6] d4 mo ta chi tiét cau trac bén
trong ctia co cdu TTS bao gdm cac khép xoay
va chi tiét co khi. Muc tiéu cta bai toan thiét
ké 14 phai tich hop duoc dong co din dong vao
cum track ma van bao toan nguyén ly dong hoc
cia co cdu TTS. Ngoai ra, viéc gidm thiéu su

rung 1én tim pin ciing can dugc quan tim. Do &
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d6, nhom tac gia d& xuat hai phuong an kha thi
c6 thé dap tmg duoc dau bai thiét 1ap: dat dong
co tryc tiép va truyén dong vao banh chu dong
(Hinh 1a); hodc dat dong co ¢ tam xoay trung
tam clia co cau va truyén dong xudng banh chi
dong (Hinh 1b).

b. Phirong én truyén dong gian tiép
Hinh 1. Cac phwong an kha thi doi voi dau bai
thiét ké

Phuong 4n truyén dong truc tiép co
hiéu suét truyén dong cao, thiét ké don gian
tuy nhién dong co dat tai tdm banh s€ c6 kha
ning lic cing v4i banh gy ra cac Gng luc du
mot bén, phan bd ap luc khong dong déu lén
cac banh va tang rung dong cho pin. Phuong an
truyén dong gian tiép mac du co két cdu phirc
tap hon nhung dong co dat ngay tai tam xoay
s& gitp cb dinh vi tri twong ddi ctia dong co so
v6i khung robot, can d6i p luc 1én cac banh
va it gdy rung dong hon. Tur cac phan tich trén,
phuong an truyén dong gian tiép phu hop véi
nhing diéu kién van hanh ctia SPCR. Nhuogc
diém vé khéi lwong ctia phuwong an nay s& duoc
giai quyét bang lya chon vat liéu, két cau co
khi,...

3. THIET KE CO KHI
Tham khéo céc tai liéu vé so do bd tri
cac day pin [7], qua trinh tinh toan va tham khao

cac mau SPCR trén thé gidi, kich thudc co ban
cua cum banh c6 thé dat ra nhu sau: Khoang

cach tam hai pulley la a = 610mm, duong kinh
vong chia pulley d = 150mm, bé rong pulley
b = 100mm. Tt do, kich thudc co ban cua cac
khau duoc thé hién trong Hinh 2.

Cang dai Khaun trai Khau gita Khau pha

0A =175mm; AB = 135mm; AC = 75mm;
CD=CE=75mm;a=142%F = 112"

Hinh 2. Kich thuoc co ban cac khau cua cum track

Thiét ké ctia khau gitta duoc cho ¢ Hinh
3. Pay la thanh phan quan trong nhit trong co
ciu vi né khong chi c¢6 chirc ning truyén dong
cho banh dai ma con la khop xoay trung tam
ctia co ciu CAMSO. Trong két cdu nay, dong
co (5) duoc cb dinh trén vach (1) cia robot va
truyén dong cho truc (8) théng qua ndi truc (6).
Truc ndy quay trén 2 6 bi d& (7) duoc ¢ dinh
vao cdc xoay (4). Coc xoay (4) co thé quay doc
1ap véi truc (8) nho vao 6 dila con hai day (3).
Vong ngoai cua 6 dugc siét chat vao khbi (2),
¢b dinh trén vach (1). O diia con nay chiu toan
bd cac tai trong doc truc va hudng tam cua co
cAu CAMSO khi robot di chuyén va trong qua
trinh van chuyén robot 1én méi pin. Banh xich
d6i (9) 1a banh xich bi dong c6 thé quay tu do
trén truc, cd tac dung truyén momen dén cho
banh pulley chu dong.

Thiét ké ctia khau phai dugc cho ¢ Hinh
4. Khau nay la khau mang banh pulley chu dong
1am nhiém vy truyén chuyén dong cho dai cao
su cia SPCR. Khau nay duoc lién két véi khau
giita nho vao truc xoay (10). Truc (12) duoc lip
xuyén qua ranh (11) va lién két hai vach cia
khau gitta v&i nhau. N6 vira ¢6 tac dung tang
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dd cing virng cho khau phai, vira ¢6 tac dung
dé giéi han goc xoay banh pulley dé tranh cho
dai cao su cham vao bé mit cac chi tiét, vira c6
tac dung gitip banh dai khong bi hup tai khoang
gitra cac day pin. Banh dai chu dong (14) dugc
thiét ké tach lam déi va chinh giita 13 dia xich
bi dong nhan momen xo4n tir dia xich chu dong
trén truc (10). Cac dia xich va banh dai dugc
lap 1én tryc (13) sir dung then bang va truc nay
quay trén hai 6 bi d& tai hai dau.

4
Hinh 4. Thiét ké 3D ciia khdu phdi

Thiét ké cua khau tréi dwoc thé hién
trong Hinh 5. Khau nay c6 két cau tuong tu voi
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khau bén phai chi khac & chd 1a nd mang banh
dai bi dong cung véi bd phan cing dai. Gia
cang dai (16) duoc lap vao hai bén véach cua
khau trai bang cac chét dinh vi. Bu 16ng cing
dai (18) co phén tai duoc lép vao truc bi dong,
phan con lai dugc giit boi dai bc. Khi xoay dai
bc, bu 16ng cang dai di chuyén tinh tién va kéo
theo banh dai bi dong (15) giup tao luc cang
trén day dai va dam bao d) song song gitra hai
truc banh dai. Truc bi dong dugc vat phéng hai
dau dé co thé truot ty do trén ranh cua gia (16).
Sau khi cang dai, truc duoc siét chat béng bu
long (17).

Hinh 5. Thiét ké 3D cua khdu trdi

Hinh 6 thé hién lap ghép ctia cum banh
hd tro v6i cac khau con lai cia co cdu. Cum
banh xe ¢ thé xoay dugc nho vao 6 lan (19)
va ca cum duoc lap voi khau phai bang mbi
ghép chdt (21). Thanh (20) c6 tac dung lién két
va ting ctng cho cum banh. Két cau tong thé
sau khi lép mét sb chi tiét con lai nhu day dai,
xich,... dugc thé hién & Hinh 7.

k.

Hinh 6. Ldp ghép cum banh hé tro véi khdu phai

cua co cau
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Hinh 7. Két cau tong thé ciia cum banh thiét ké
4. CAC KICH BAN MO PHONG

DPé kiém tra kha ning bam cua cum
track theo cac bién dang cong khac nhau cua
tAm pin, nhom tac gia tién hanh mo phong dong
hoc cua cac banh. Theo [1], bién dang mét pin
khi robot di chuyén c6 dang parabol dbi xtng
tai vi tri bién dang 16n nhat. Mit khac, theo
khao sat tir [7], cac tdm pin phd bién duoc st
dung c6 chiéu dai khoang 2m. Vi thé, quy dao
ctia cac banh s& duge khao sat trén cac bé mit
cong c6 dang nhu phuong trinh (1) v6i hoanh
do x € [0;2000].

y=a(x - 1000)*+b (D
Véi,a={2;4;6;8 ...;20} x 10°;
b={2;-4;-6;...;-20}.

Hinh 8. Cac bién dang cong khao sat

Ung voéi ting mat pin, ta xac dinh duoc
toa do tdm cua cac banh va suy ra quy tich cua
ching. Day 1a co so dé dat giéi han cho cac
khép xoay ctuia cym track.

5. KET QUA VA THAO LUAN
Phan mém GeoGebra duogc st dung dé

mo phdong kha nang bam mat pin cua cum track
va ghi lai quy tich cac tam cua banh xe vdi cac

thong s goc quay cua cac khop cua cum track.

Hinh 9. Cac khop xoay cua cum track

Duya vao két qua mo phong tir GeoGebra,
nhom tac gia nhan thiy cum track c6 kha ning
bam tét v6i tat ca cac bién dang mat cong dugc
dua ra, nho d6 dam bao duogc dién tich tiép xuc
cua dai d6i véi mit pin. Hinh 10 m6 ta sy tiép
xuc cua cac banh véi mat pin cong trong truong
hop bién dang 16n nhét.

Hinh 10. M6 phong kha nang bam bién dang pin
doi voi do bien dang 20mm

Bén canh do, két qua vé luong dich
chuyén cua cac goc khop ung véi ting do bién
dang mat cong ciling dugc thé hi¢n ¢ Bang 1.

Badng 1. Goc quay cua cac khop so voi goc ban
dau theo dg bién dang cua tam pin

)
Vﬁlig Aa(®) | AB(C) | AB(C®) | AY(®)
(mm)
2 1,1 1,0 0,15 0,2
4 1,2 1,2 0,3 0,4
6 1,92 1,7 0,5 0,7
8 2,0 2,2 1,0 1,0
10 2,72 2,7 1,3 1,4
12 33 3.4 1,6 1,5
14 3,7 3,6 2,0 1,8
16 43 4,1 2,2 2,0
18 4.8 4,6 22 2,0
20 5.2 5,15 2,8 2,5
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Tir két qua cia Bang 1, cac cip goc
khop a-0; B-y thay doi mot lwong lan luot 1a
5,2° va 2,8° khi d¢ vong thm pin 1a 20mm.
Trong hai cdp goc nay, cap goc a-0 dong vai tro
quan trong trong viéc giup robot vuot qua khe
ho 30 = 50cm giita hai diy pin lién tiép nhau.
Viéc khao sat su thay doi cua cac goc khop ddi
véi tirng bién dang mat pin khac nhau 1a co so
dé gi6i han cac goc xoay cua cac khau thanh
phan trong thiét ké co khi, gitp dam bao kha
ndng van hanh cting nhu thuan tién cho nguoi
su dung trong vi¢c van chuyén robot 1én trén
cac mai pin cao.

6. KET LUAN

Bai bao trinh bay thiét ké co khi cum
track cho robot v¢€ sinh pin nang lugng mat troi
dua trén co cAu CAMSO TTS. Céu tric co khi
dugc thiét ké va hiéu chinh tir thiét ké gbc dé
phu hop véi robot vé sinh pin nang lugng mat
troi dya trén cac thong s6 duoc dit ra ban dau.
Céac mo phong duoc thuc hién dé kiém tra kha
ndng bam theo dia hinh cua cum track cling
nhu x4c dinh cac goc gidi han tai cac khop. Két
qua mo phong di chi ra cum track bam rat tbt
tai vi tri tm pin bi vong nhiéu nhat. Diéu dé
cho thdy tinh kha thi va phu hop cua thiét ké
duoc dé xuét.

Tuy nhién, bai bo cling tdn tai mot sb
han ché nhu chua khdo st cac bién dang cia
tAm pin khi robot di chuyén gan mép pin ciing
nhu chua khéo sat goc xoay cua khau trung tam
trong qua trinh robot van hanh cling nhu vugt
qua khe ho gitta cac ddy pin. Do d0, cac yéu to
nay s€ dugc nghién clru va xem xét trong tuong
lai & c6 mot cai nhin tong quat hon vé van dé
da duoc néu.
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CHE TAO MO HINH DPAU UON ONG NHIEU BAC TY DO

MANUFACTURING A PROTOTYPE OF A MULTI-DEGREE-OF-FREEDOM TUBE
BENDING MACHINE

ThS. Huynh P§ Song Toan, ThS. Buii Chan Thanh, ThS. Nguyén Hd, ThS. Nguyén Tién Diing,
TS. Tran Minh Thé Uyén, Lé Duy Khang, Trin Minh Quang, Trin Vin Nhuyt Linh
Truong Pai hoc Su pham K§ thuat Thanh phd H6 Chi Minh

TOM TAT

M6 hinh uén 5ng nhiéu béc tu do la mét thiét bi dwoc sir dung dé uon 5ng kim loai hoac 5ng
nhwa thanh cdc hinh dang khac nhau. M6 hinh nay co thé dwoc sir dung trong nhiéu linh viee khac
nhau va cé thé dwoc ché tao tir nhiéu logi vat lidu khéc nhau. Mé hinh nay co thé duoc diéu khién
bang tay hodc bang mdy tinh va cé thé dwoc lap trinh dé uén ong theo cdac hinh dang phirc tap va
chinh xdc. Ché tao mé hinh mdy uén éng nhiéu bdc tw do la mét qud trinh phire tap va doi héi ky
nang va kinh nghiém. Cdc bude ché tao mé hinh mdy uén ong nhiéu bdc tie do bao gom thiét ké mé

hinh, chon vt liéu, gia cong cac bo phan, lap rap, kiém tra va siwa chira.

Tir khéa: M6 hinh uén 5ng nhiéu bdc tir do; Udn 5ng kim loai; Piéu khién; Lap trinh; Thiét

ké mé hinh; Gia cong; Ldp rap; Kiém tra; Sira chira.
ABSTRACT

A multi-axis tube bending machine is a device used to bend metal or plastic tubes into
various shapes. This machine can be used in many different fields and can be made from various
materials. It can be manually or computer-controlled and can be programmed to bend tubes into
complex and precise shapes. Manufacturing a multi-axis tube bending machine is a complex process
that requires skill and experience. The steps involved in manufacturing a multi-axisincludesending
machine include designing the model, selecting materials, machining parts, assembly, testing, and

repair.

Keywords: 4 multi-degree-of-freedom pipe bending model; Metal pipe bending; Control;
Programming; Model design,; Processing; Assembly; Testing; Repair.
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1. GIOI THIEU

Thuec té cho thiy, trong cic nganh cong
nghiép dang phat trién manh tai Viét Nam nhur
6 t0, dau khi, thuc pham... thi ty 1& cac chi tiét,
thiét bi dang 6ng chiém ty trong kha 16n [1].
Cac nha may luyén thép trong nudc dang chu
dong hoan thién cac quy trinh va thiét bi ché
tao cac phoi thép dang éng vai chat luong dang
ngay cang tiém can v6i thé giéi. Bén canh do,
chi tiét 1am tir phoi ong ciing da va dang duoc
su dung rong rai trong linh vuc xay dung va
trang tri noi that.

Cong nghé san xuat 6ng hang loat 16n
hién chi dimg lai & dang 6ng thang véi cac kich
thudc dng c6 thé dai dén 6m hodc 12m [2-4].
Tuy nhién, trong qua trinh ung dung, cac chi
tiét dng s& dugc bo tri phi hop véi khong gian
ctia thiét bi hodc nha xuong. Pé thay do6i tir
dang thang sang cac hinh dang khac, phuong
phap udn dng da dugc phat trién [5-6]. Udn dng
1a phuong phap ché tao dugc sir dung dé tao
thanh dng vinh vién bang cach udn cong chiing.
Trong nhiéu trudng hop, dng uén cong hiru ich
hon & dang thang. C6 nhiéu phuong phap uén
6ng nhur uén kéo quay, udn ép, uén ép khung
dong va uén lan [7].

Dé phat trién cong nghé udn dng CNC,
cac nghién ctru da dugc tién hanh. May uén
6ng CNC c6 kha niang doc tap tin ban v& thiét
ké k¥ thuat va tién hanh ubn ong theo thiét ké
[1]. May c6 thé ubn éng c6 duong kinh 10mm
va day 0,8mm, voi tde do udn trung binh dat
800mm/phiit. Ban kinh cong nho nhat ma may
c6 thé udn 12 100mm (£1mm) va dng dai t6i da
3.000mm [8].

Ngoai ra, dé phat trién hon, da dugc
nghién ctru va ché tao mo hinh Hexapod [9]. Co
cau nay gom 6 chan c6 do dai thay doi duoc va
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duoc sir dung dé udn cong cac chi tiét dng. Mo
hinh Hexapod c6 kha ning tao ra cc chi tiét ong
uén cong véi cac dudng cong phc tap va dap
g yéu cau trong nganh 6 t6 va kién tric.

2. THIET KE VA TiNH TOAN CAC CHI
TIET CHiNH CHO MO HINH PAU UON
ONG NHIEU BAC TU DO

2.1. Thiét ké banh ring

* Gbc nghiéng cua rang dugc chon tir 8
dén 20 d vi:

Khi hoat dong vao khdp, nho vao banh
rang dang nghiéng s€ khong xay ra hién tugng
tang dot ngodt chidu dai cua ring ma s& no co
xu hudng ting tir tir theo phuong doc, tir dau
nay sang dau kia dé tao do quen cho may. Banh
rang tru nghiéng c¢6 kha nang lam viéc chiu tai,
6 tdc d6 1am viéc cao hon nhiéu so v&i banh
rang try khac, do tiép xuc cao nén do truyén tai
cling 16n hon. Banh rang try rdng nghiéng co
rang dai hon banh ring try thang, do d6 chung
c6 thé truyén nhiéu cong suét hon giita cac truc
song song.

« Bénh rang chon ty sb truyén 1:2,5.

* Banh rang tru rang nghiéng, gbéc nghiéng
rang 14 do.

* DPuong kinh vong lan banh rang nhé 65mm;
duong kinh vong lan banh rang 16n: 160mm.

* Duong kinh vong chia: 112,5mm.

+ S6 rang banh nho: 23 ring; sb ring banh 1on:
62 rang.

+ Chiéu day banh rang: 30mm.

2.2. Tinh toan dwong kinh truc
Thong sé:

Tai trong (P): 1 tan = 1000 kg.
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Chiéu dai (L): 180 mm = 0,18 m.

Do gidn dai tdi da cho phép (8): ty 18
gitta d6 dan dai cua vat liéu va chiéu dai ban
dau. Ddi véi vat liéu C50, & = 1/200.

Do bén kéo cua vt lidu (ot): 630 Mpa.
Do bén udn cua vat lidu (ob): 375 Mpa.

Gia su vat liéu duoc st dung dé chiu
tai nén, ta lya chon duong kinh truc sao cho tai
trong P khong vuot qua tai trong chiu duoc t6i
da cua vat liéu ot theo cong thuc:

P=n/4 * d"2 * ot
; 4p 4.1000 .
= |mot  |me30  T2emm
Tuy nhién, néu vat liu C50 dugc sir
dung dé chiu tai udn, ta phai lga chon duong
kinh truc sao cho tai trong P khong vuot qua tai

trong chiu dugc tdi da cua vat liéu ob theo cong
thure:

P = (d"3 ob)/(32 L)
J 32PL= 32.1000.0,18=
@b 375

Vay, ta chon duong kinh truc d = 18 mm.

~ 10,53 mm

2.3. Tinh toan chon ddng co va hop sb
Thong sé dau vao ciia dong co:
« Cong suat dong co (P): 750W;
« Momen xoén dinh mtrc: 2,39Nm;
« Téc @ dinh mtrc: 3000rpm.

Thong so dau vao cua hop so:

Giam tdc ty sb truyén: 1:20;

* Momen dinh murc: 98Nm;
« Hiéu suat truyén: 94%;
« Téc d6 dinh mirc: 3500rpm.

3. GIA CONG, LAP RAP CAC CHI TIET
VA THU NGHIEM MAY

Céc chi tiét gia cong dugc biéu thi &
Hinh 1. Pau ubn éng nhiéu bac tu do duge mod
phong va lap rap nhu Hinh 4 va Hinh 5. Thiét
bi duoc thiét ké dé co thé didu chinh cac gia tri
module chan nhd vao cac khép cau. Thiét b
duogc lién két boi cap banh ring truyén dong
qua tryc vit me tinh tién. Bo phan diéu khién
thiét bi dugc nam gon trong hdp diéu khién,
phan day dugc ndi doc theo bo khung méy nhu
Hinh 3. Két qua cua dau udn 6ng nhiéu bac tu
do dat dugc vai cac goc udn tir 0 dén 360 do.

Hinh 2. Hé thong khung mdy
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Hinh 5. San phdam uén ong
4. KET LUAN

Sau qua trinh nghién ctru va ché tao,
cac phuong an thiét ké d¢au uén ng nhiéu bac
tr do di dugc d& xuit va phén tich. Sau do,
cac chi tiét may dugc tinh toan chinh sira trudc
khi ddu udn dng duoc ché tao. Thiét bi nay dat
duoc thuc nhiém véi cac kha nang udn tir don
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gian dén phuc tap, dap tmg duoc yéu cdu ubn
360 do voi kha nang linh hoat. Nhin chung, cac
san pham tir dau udn ong nhiéu bac tu do cb
kha ning tmg dung vao cac san pham tir cong
nghiép dén y té, nong nghiép va cac san pham
dan dung, v.v...<*
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KHAO SAT CAN DAO TIEN CO GIAM CHAN
CONDUCTING A SURVEY ON DAMPING BORING BARS

Ping Huynh Vi Luian, Pham Quéc Trung, Lé Vin Hau, Nguyén Trong Hiéu,
Bui Chan Thanh, Nguyén Ho, Nguyén Tién Diing
Truong Pai hoc Su pham Ky thuat Thanh phd H6 Chi Minh

TOM TAT

Véi sw phat trién vieot bdc ciia khoa hoc céng nghé thi nganh gia cong co khi ngay cang can
dat dvoc do chinh xac cao. Co nhiéu nguyén nhan gdy anh hu’o‘ng dén bé mdt gia cong chi tiét lam
cho chat lwong bé mat chi tiét tré nén khong glong nhu mong muon. Mot trong nhirng nguyén nhdn
gdy anh hieong xdu dén bé mat ciia san pham co khi chinh la do rung dong gay nén. Vi vay, muc
tiéu cua bai nghlen cttu nay la khao sat dwoc can dao tién cé giam chan givp tang chat heong bé
mdt ciia chi tiét. Bang cdc phu’ongphap thu thdp va tong hop tai liéu, phirong phap phan tich thuc
nghiém dé dat duoc ket ' qua cuoi cung la giam do rung dong cua can dao tién co giam chdn va chat
lirong bé mat chi tiét tot hon.

Tir khéa: Dao tién giam chdn; Khdo sdt rung dong.
ABSTRACT

With the remarkable development of science and technology, the mechanical manufacturing
industry increasingly requires high precision. There are many factors that affect the surface of
machined parts, leading to a deviation from the desired surface quality. One of the main factors
that negatively impact the surface of mechanical products is vibration. Therefore, the objective
of this research is to investigate the use of damping boring bars to enhance the surface quality
of the components. By employing methods of data collection and literature synthesis, as well as
experimental analysis, the ultimate goal is to reduce the vibration of the damping boring bars and
achieve improved surface quality of the components.

Keywords: Damping turning tools; Vibration survey.

1. GIOI THIEU

Nén cong nghiép phat trién di doi véi
viéc phat trién thiét bi, thiét bi phat trién thi
qué trinh san xuat, dung cu cat phai phat trién.
Chinh vi vay, can phai c6 cac bién phap cai tién
dé ting ning suat, giam gia thanh va ning chat
lwong chi tiét gia cong.

Trong thoi dai 4.0, thiét bi sir dung gia
cong cit got phat trién manh mé, cu thé 1a thiét
bi diéu khién chuong trinh s6, cac hé thong tu
dong. Do thiét bi phat trién kéo theo dung cu
cit phat trién, may gia cong va dung cu cit co
tuong quan mat thiét voi nhau. Trong khi do, tai
Viét Nam, dung cu cit chi ¢6 vai co s& ché tao
nhu: Cong ty ¢6 phan Dung cu sb 1, Cong ty

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Van Xuan, Cong ty TNHH Dung cu An Mi...
Chu yéu, nudc ta nhap khau va tng dung cac
nghién ciru c6 sdn vao san xuat. Dung cu ct
trong nudc con nhiéu han ché vé ning suit va
dac bi¢t chua c6 dung cu cit chu trong dén rung
dong trong qua trinh gia cong nhu dung cu cit
giam rung dong.

Nganh co khi ché tao c6 ba hudéng phat
trién: phat trién vé may gia cong, phat trién vé
cong nghé va phat trién vé dung cu cit. Dya
vao tinh hinh thuc té trong nudc, phat trién va
mg dung dung cu cat 1a phu hop va cap thiét.

Cac nghién ctu trong nuéc vé dung
cu cit con han ché, ddc biét 1a nghién ciru anh
hudng cta cac loai co cau can dao giam chan
dén d6 nham bé mit trong qua trinh tién. Qua
trinh gia cong dugc cha trong nghién ciru dé
dat do chinh xac vé kich thudc, chit lugng
bé mit va nang cao ning sut. Kich thudc va
chit lugng bé miat phan anh qua trinh gia cong,
d6 nham chi tiét anh huong dén qua trinh lap
rap, tinh chét hoat dong va do bén san phém.
D06 nham cua chi tiét trong qua trinh gia cong
chu yéu do rung dong sinh ra. Rung dong anh
huong truc tiép dén d6 nham, chét lugng san
pham, ning suat va gia thanh san pham [1, 2].

Rung dong 13 hién twrong phd bién trong
tu nhién va trong k¥ thudt vi tit ca moi vat thé
¢6 khdi lugng va ¢ tinh dan hdi déu rung dong
khi c6 luc tac dung. May cong cu 1a mdt h¢ dan
hdi nén trong qua trinh gia cong ngoai luc va luc
cét tac dung 1én hé s& lam hé rung dong. Trong
thuc té khong ¢ qua trinh cat got kim loai niao
ma hé thong cong nghé khong rung dong. Rung
dong 1a hién tuong kém theo trong qua trinh gia
cong cat got kim loai. Trong nhitng diéu kién
cu thé nhét dinh, rung dong c6 thé ting manh
trong qua trinh gia céng, do d6 1am x4u cac chi
tiéu vé kinh té va chat lugng san phém.Vi vay,
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cong trinh nghién ciru cua bai béo nay 1a can
thiét. N6 giup ta hiéu 16 vé sy rung dong ddi
v6i can dao c6 giam chén, tir d6 gitip cho cong
viéc nghién ctru sau nay thuén loi hon.

2. PHUONG PHAP THi NGHIEM

Trong thi nghi¢ém nay, st dung mo hinh
do cling v6i cac loai can dao va thiét bi do rung.
Motor tao rung s€ mo phong rung dong cho can
dao trén mo hinh.

7 A -
s
a[:_ e e —{%\{\
NILTS 2 OIS ITd IS NITTTSFIN ¥ 4
L3 | L2 | M6
1
150 3 50 ‘

7

Hinh 3. Cdn dao giam chdn thuc té

Trong thi nghiém nay s& do bang mo
hinh do v6i can dao binh thuong, can dao giam

&
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chan khong lap 16i va can dao giam chén c6
lap 16i. D6i véi can dao co lap 16i s& o t6i 25
truong hop. Sau khi lap dit dao 1én trén mé
hinh. Tién hanh do bang cach khoi dong dong
co tao rung dé md phong rung dong 1én can dao.
Tiép theo, cam bién s& thu tin hiéu va truyén dir
liéu toi dién thoai bang Bluetooth, sau d6 dir
liéu s& duogc truyén 1én Cloud (trang web cua
DynaPredict).

Khi thu dugc toan bo sd liéu cta céc
truong hop, s& tién hanh tong hop va dua ra
nhitng danh gia phuc vu cho viéc chon lya cac
16i gin vao can dao hiéu qua. Két qua 1a biét
duoc dam console nao gitip cho can dao tién it
bi rung dong nhat.

Bdng 1. Cdc thong s6 25 truong hop cia 16i gan
vao can dao

STT L1 L2=L3 a b
1 20 2 15
2 21 2,5 16
3 30 22 3 17
4 23 4 18
5 25 5 20
6 20 2,5 17
7 21 3 18
8 32 22 4 20
9 23 5 15
10 25 2 16
11 20 3 20
12 21 4 15
13 35 22 5 16
14 23 2 17
15 25 2,5 18

16 20 4 16
17 21 5 17
18 38 22 2 18
19 23 2,5 20
20 25 3 15
21 20 5 18
22 21 2 20
23 40 22 2,5 15
24 23 3 16
25 25 4 17

[L3=12 | L L2 L1

L3+L2+L1+2b+8

Hinh 4. Két cdu ciia 16i gan vao cdn dao giam chdn
3. PHAN TiCH KET QUA THi NGHIEM

Thyc chit rung dong trén can dao khi
gia cong 1a rung dong c6 tinh tuan hoan va
duogc xac dinh qua ba thong sb co ban 13 gia tdc,
vén toc, chuyén vi. Céc thi nghiém duogc thuc
hién véi cing mot didu kién va c6 cung ché do
rung. Nén c6 thé so sanh su rung dong trén cac
loai can dao bang gia tri PP cta cac biéu dd
waveform dé xem mirc d6 rung dong nao 14 16n
hon, nhé hon, rung dong nao 1a 6n dinh hon.

Biéu do cua gia tri PP dugc thé hién &
ca gia toc, van toc va ca chuyén vi. Nhung thuc
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chét chi can so sanh gia tri PP ¢ van tdc thi co
thé xéac dinh dugc murc d6 rung dong nao la cao
hon, nhé hon cua cac truong hop thi nghiém.

PP (X-AXIS)

mms

Hinh 5. Gia tri PP theo van toc cua truc X
Theo biéu do:

—KO: La can dao tién thuong.

— K: La can dao tién giam chan khong
lap 16i.

-X,V, Z Lan luot la cac can dao giam
chén c6 1ap 15i cia 25 truong hop theo phuong
X, Y, Z.

Két qua thuc nghiém cho thay dua theo
Hinh 5, Hinh 6, Hinh 7 thi ta thay chi c6 gia tri
PP cua trudng hop 16i 23 (Can dao giam chin
1ap 15i 23 & Bang 1) 1a thdp hon so véi hai can
dao thudng va can dao giam chan khong lap 16i
& ca 3 tryc. L3i ¢ truong hop 23 1a cho ra két
qua 6n dinh nhat. Can dao giam chan c6 gan 15i
& trudng hop 15 va 21 cho ra két qua khong tot.
Ca hai déu rung nhiéu hon so véi cac can dao
con lai. Theo truc X cua biéu dd (Hinh 5) thi da
s6 cac can dao giam chén co lap 16i déu cho ra
két qua tot hon so v6i can dao binh thuong. Theo
Hinh 6 va Hinh 7 thi can dao giam chan khong
lap 16i cho ra gia tri PP cao hon can dao binh
thuong. Hau hét can dao giam chan c6 lap 15i thi
cho ra két qua tot hon ca hai can dao con lai.

4. KET LUAN

Qua qua trinh thi nghiém, can dao tién
cO giam chan trén moé hinh do da thu dugc cac
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két qua so li€u. Sau khi tong hop va danh gia
cac s0 liéu do thi bai nghién ctru da rat ra dugc
cac két luan nhu sau:

—Tim hiéu tong quat vé cat got kim loai,
rung dong trong cat got kim loai anh hudng dén
chat lugng bé mat gia cong.

— Qua thi nghiém v&i cén dao trén mo
hinh tién thu dugc két qua giam chén tot cua
mot sb truong hop 16 trén co cdu giam chan.
Tir két qua d6 co thé 1am co s& dé nghién ciru
ché tao toi uu hon nita, ddng thoi co thé cai tién
thong qua két qua dat duoc.

— Chon dugc bd thong s6 giam chan tdi
wu trén co ciu giam chin. Cu thé 13 can dao
giam chan c6 lap 16i ¢ trudng hop 23 cia bai
nghién ctru nay.

— Hau hét cac két qua ctia can dao giam
chan c6 1ap 16i déu cho ra két qua tt hon so véi
can dao binh thuong. Vay diéu nay cho thay két
qué ctia bai nghién ctru 1a kha quan, c6 thé ap
dung cho cac bai nghién ctru tiép theo. %

Ngay nhan bai: 07/7/2023
Ngay phan bién: 27/7/2023

Tai liéu tham khao:

[1]. Nguyén Vin Toan; Nghién ciru anh huéng ciia
cdn dao giam chdn dén do béng bé mdt trong
qud trinh phay mdt phang, Truong Pai hoc Su
pham K§ thuat Thanh phé Ho Chi Minh, 2016.

[2]. Nguyén Truong Sinh; Nghién citu dnh huéng
ciia can dao giam chan dén d¢ bong bé mat
chi tiét tién 16, Truong Pai hoc Su pham K§
thudt Thanh phd H6 Chi Minh, 2015.

[3]. https://dynamox.net/en/blog/the-peak-peak-
to-peak-and-rms-values-in-vibration-analysis

[4]. R.E. Deakin, D.G. Kildea. 4 note on Standard

Deviation and RMS, 2012.



NGHIEN CUU - TRAO DOI

THY'C NGHIEM VA DANH GIA KHA NANG TAO HINH ONG
VO'I MO HINH UON ONG LECH TAM

EXPERIMENT AND EVALUATION OF SHAPING ABILITY WITH THE ECCENTRIC
PIPE BENDER MODEL

Tran Minh Thé Uyén, Bui Chan Thanh, Nguyén H¢, Nguyén Tién Diing, Pham Quén Anh,
Tong Huynh Quoc Thinh, Phan Nhat Hao, Lé Thanh Tu
Truong Pai hoc Su pham Ky thuat Thanh phdé H6 Chi Minh

TOM TAT

Trong thire nghiém nay, éng va cdc chi tiét dang ong dwoc tao ra véi nhiéu hinh dang khdc
nhau tir don gian dén phirc tap, thay déi nhiéu géc do. Mau duwoc tao théng qua viéc img dung
phirong phdp uén ong léch tam va mé hinh mdy uon ong léch tam [1]. Két qua danh gia cho thay
dé bén va tinh linh hoat khi sir dung mo hinh uon 5ng. Co tinh vt liéu van dwoc dam bdo, ddc biét
tai cdc bé mat chuyén tiép déu dat chudn yéu cau ky thudt.

Tir khéa: M6 hinh uon éng léch tam; Phwong phdp uén éng léch tam.
ABSTRACT

In this experiment, tubes and tubular details are created with many different shapes from
simple to complex, changing many angles. The template is created through the application of the
eccentric pipe bending method and the eccentric pipe bender model. The evaluation results show
the durability and flexibility when using the pipe bending model. The mechanical properties of
the materials are still guaranteed, especially at the transition surfaces that meet the technical
requirements.

Keywords: The eccentric pipe bending method,; The eccentric pipe bender model.

1. TONG QUAN

Ong 13 mot san pham duoc dung phd
bién, c6 nhidu Gmg dung trong doi sdng hién
nay cta ching ta. Cac san pham 6ng duogc st
dung trong nhiéu linh vye, tir cac chi tiét don
gian nhu céng, ctra 0, ban ghé, dén cac hé
thong 16n nhu dng dén khi, din hoa chat, ...

Ngay nay, viéc st dung dng cang trd
nén pho bién bdi tinh linh hoat, da dang va co

tinh ma né mang lai. Du vy nhung phan 16n
céc san pham tir dng ctia nude ta hién nay déu
nhap khau tir nuéc ngoai. Cac loai may udn,
tao hinh chi dirng ¢ thu cong hoac ban ty dong,
kém linh hoat. Vi vay, cong trinh thyc nghiém
va danh gia nay 1a vo cung can thiét, n6 s& la
mot minh ching cu thé cho kha nang tao hinh
6ng thong qua mé hinh uén éng Hexapod [2].
T d6 c6 thé dua md hinh vao phuc vu cho cac
nganh khoa hoc, cac linh vuc cong nghiép gop
phan gia ting ning suit, giam gia thanh san
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pham dap tmg nhu cau thi truorng va thuc day
nén cong nghiép nudc nha phat trién hon [3, 4].

2. PHUONG PHAP NGHIEN CUU
* Phwong phap thu thip va tong hop tai liéu:

Trong qué trinh nghién ctru can tién
hanh thu thdp va phan tich mdt loat tai li¢u
lién quan. Diéu nay bao gdm cac nghién ctru
trude day vé udn dng, ciing nhu cac thong tin
quan trong vé cong nghé va tng dung hién dai.
Chung t6i da tan dung két qua clia cac nghién
ctru dd c6 dé dam bao tinh chon loc va tap trung
vao cac khia canh quan trong nhat pht hop véi
dé tai nghién ctru. Qua viéc ap dung két qua
nghién ctru trude, ching toi da tiét kiém duoc
thoi gian, tir d6 giup gia ting hiéu qua va chat
luong ctia dé tai nghién ctru hién tai.

* Phuwong phap phan tich thuc nghiém:

Dua trén cac két qua thuc nghiém thanh
cong ciing nhu that bai, chiing toi da co thé lya
chon nhung kiéu dang phu hop nhét trong qua
trinh t6i wu hoa may udn 6ng st dung co ciu
Hexapod [5]. Ap dung quy trinh thi nghlem
nay cho qua trinh thiét ké cua may ubn ong
Hexapod gitip ting chét lugng san pham dau ra.
Qua d6, chung t6i da dua ra nhiing diéu chinh
va cai tién can thiét d¢ i wu hoa hiéu suat va
dap ung t6t hon cac yéu cau ciia may udn dng 6
truc trong cac tng dung thyc té.

* Phuwong phap phéan tich so sanh:

Tién hanh tong hop, so sanh giita két
qua cua qua trinh m6 phong va thuc nghi¢m.
Phéan tich tinh kha thi cua phuong phap. Tu
d6, 1én ké hoach cai tién, khic phuc cac nhuogc
diém dé co thé 4p dung vao nhu cau thuc té.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn

3. QUY TRINH THUC NGHIEM

Quy trinh uén 6ng dua trén s dung
phuong phap ubn 6ng 1éch tam két hop cing
hé théng con lan gitp ting d6 chinh xac va chét
luong san pham dau ra.

— Buéc 1: Chuan bi 6ng.

Hinh 1. Chudn bi ong
— Budc 2: Ga dng 1én may.

— Budc 3: Thiét lap thong sb trén bang
diéu khién.

Hinh 2. Cai dat théng sé

— Budc 4: San pham sau khi uon.
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Hinh 3. San pham sau khi uon
— Budc 5: Do dac va thu thap so liéu.

Bdng 1. Bang théng s6 ban kinh ciia ong

Ban kinh
1 2 3
San pham
1 100,05 | 100,49 | 100,07
2 99,69 | 100,39 | 99,59
3 99,79 | 100,39 | 99,89

4. PHAN TICH KET QUA THi NGHIEM

— San pham 1:

+Ban kinh R, = 100,05;
+ Bén kinh R, = 100,49;
+ Bén kinh R, = 100,07.

Bén kinh trung binh:

100,05+100,49+100,07
R,, = - =100,2

— Sai s0 khi uon 1a:

|100 - (11:?;629) x 100| = 0,1%
— San pham 2:

+ Ban kinh R, = 99,69,
+ Ban kinh R, = 100,39;
+ Ban kinh R, = 99,59.

Bén kinh trung binh:

99,69+100,39+99,59
R,, = = 99,89
3

— Sai s0 khi uon la:

100 (222) 00| = 025

— San phim 3:

+ Béan kinh R = 99,79;
+ Bén kinh R, = 100,39;
+ Bén kinh R, = 99,89.

Ban kinh trung binh:
99,79+100,39+99,89
Ry = === 100,02

— Sai s0 khi uon la:

100,02
100,09

|100 _ ( )x 100| —0,07%

5. KET LUAN

Qua qua trinh thuc nghiém va phan tich

danh gia, két luan nhu sau:

— May co6 thé gia cong duoc cac loai

dng c6 kich thude nhé voi d6 thaim my tuong
doi cao.
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— Ong dugc uon véi do chinh xac cao
va c0 sai s0 khong dang ké.

— May hoat dong twong d6i 6n dinh.

— Tuy nhién, chua thé udn duoc cac 6ng
¢o kich thudc 16n hon @10 do thiét ké con han
ché.

— Chua c6 hé thong cét phoi ty dong. <
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NGHIEN ClrU KHAO SAT bAC TRUNG DONG HOC CO CAU MAY
LAM SACH CAT BAI BIEN

STUDY ON KINEMATICS OF BEACH SAND CLEANING MECHANISM

Nguyén Tran Ping Khoa, Lé Thé Duy, Phan Hoang Long, Nguyén Tén Tién
DCSELab, Truong Pai hoc Bach khoa, Pai hoc Qubc gia Thanh phd Ho Chi Minh

TOM TAT

Bai bdo trinh bay khdo sdt cdc co cdu sang ciia cdc mdy lam sach bdi bién phé bién trén thi
trieong. Lay mét vi dy dién hinh ciia co cdu sang cdt, cong cu mé phong dwoc diing dé khdo sat cdc
théng sé ddc trung nhw géc nghiéng cia sang b, géc dao dong ciia sang a, tan sé sang f dén hiéu
sudt ciia sang. Tir két qua mé phong, cdc thong so toi wu dwoc dé xudt dé tién hanh thue nghiém va

thiét ké robot lam sach béi bién.
Tir khéa: Robot lam sach bai bién; Co cdu mdy sang cdt; Robot sang cdt.
ABSTRACT

The paper studies some popular sand sifting mechanisms of popular beach cleaners.
Taking a typical example of a sand sieve mechanism, the simulation tool is used to investigate
the characteristic parameters such as sifting tilt angle p, sifting oscillation angle o, and sifting
frequency f to sand sifting efficiency. From the simulation results, the optimal parameters are

proposed to conduct experiments and design the beach cleaning robot.

Keywords: Beach cleaning robot, Sand sifting mechanism,; Beach cleaner robot.
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1. GIOI THIEU
1.1. Tinh hinh réc thai & cac bai bién

Cac bai bién 1a mot phan quan trong
trong van hoa va dia ly. V61 hon 3.200km
duong bo bién, Viét Nam c6 nhiéu diém dén
du lich ni tiéng nhu Nha Trang, Pa Nang, Pha
Qubc.... Tuy nhién, ngoai nhiing loi thé trén,
cac bii bién lai vudéng phai mot van dé 1on
khac, d6 1a rac thai. Vi du bai bién Viing Tau,
mdi ndm tinh dén khoang 15 tri€u luot khach,
cung voi do 1a mot luong rac thai voé cung lon
tlr khach du lich va ty nhién troi vé.

Hinh 1. Réc thadi bo bién Viing Tau vao ngay
vang khach

Ngoai rac thai, cac bai bién ¢ Viing Tau
phai htmg chiu 2 dén 3 dot rac dat vao, nhat 1a
khu vuc Bai Trudce, mdi dot c6 thé kéo dai ca
tuan. Theo chu ky, c6 2 dot rac troi dat nhidu
nhit 13 vao cudi thang 4, dau thang 5 khi tiét
troi chuyén gié mua Tdy Nam va cubi thang
9, dau thang 10 khi thoi tiét chuyén tir ty nam
dén dong bac, két hop véi tridu cuong.
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Hinh 2. Rdc thdi tréi dat vdo béi bién

1.2. Phuwong phap don rac thong thwong &
cac bi bién

Hién nay, phuong phap don rac ¢ céac
bai bién ¢ Viét Nam van 1a phuong phap thu
cong. Tai Bai Sau cua bién Viing Tau, di¢n
tich khoang 25ha, dai 1,2km, nhan vién moi
truong bat dau 1am viée tir sdng sém va bat dau
di chuyén cho dén khi khach dén (khoang 6
gi®). Khoang 05 nhan vién dugc phan chia dé
don dep 05 khu vuc. Vao nhiing ngay it khach,
trung binh mot nhan vién c6 thé don dep xong
trong 20 + 45 phut v6i khdi lugng réc c6 thé 1ap
day 1 + 2 thung rac. Tuy nhién, v&i nhitng ngay
rac troi dat nhidu, mot nguoi co thé mat t6i 2
+ 3 gio dé don dep khu vuc cua minh, véi $6
luong thung rac 1én t6i trén 3 + 4 thung. Cach
don dep chu yéu la ding cao cat roi cho vao
ting thung rac, dén khi gan day phai kéo ra bai
tap trung 1oi lai chuyén vé khu tap két rac. Co
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thé thiy phuong phap nay rat ton thoi gian va
nhan luec.

1.3. Lam sach bii bién bang robot

Mot sb robot sang cat duoc thiét ké dé
lam sach bii bién. Robot sang cat bii bién cho
phép di chuyén va hoat dong trén bai bién tu
dong theo hoach dinh trudc; co thé duoc trang
bi tinh nang ty dong trd vé tram sac khi can
thiét. Hé théng cam bién cho phép phat hién
cac vat can nhu da, thung rac, vo chai, giay
dép,... Hé thong sang cat dung tach va thu gom
cac loai vat thé khac nhau khoi cat. Téc do di
chuyén trung binh khoang 1 + 7 m/s tuy loai
robot. Thoi gian hoat dong thuong kha dai,
tir vai gio dén vai ngay, tiy thudc vao dung
lugng pin va kha ning tai sac cua robot. Mdi
loai robot sang cat s€ c6 cac dac diém dong hoc
va dong luc hoc khac nhau tuy thudc vao thiét
ké va cong ngh¢ str dung. Mot s6 vi du vé dic
diém dong hoc va dong luc hoc cia cac co cAu
sang cat cua cac loai robot:

May lam sach bdi bién Surf Rake

Hinh 3. Mdy lam sach bai bién SurfRake

Téc d6 6,7m/s; chiu sdu lam sach
15cm; bé rong lam viéc 180cm; nang suét
~16.000m?%/h.

May lam sach béi bién BeachTech2000

Hinh 4. May lam sach bai bién BeachTech2000
Téc dd 4m/s; chiéu siu lam sach
30cm; b€ rong lam viéc 160cm; nang suat

~22.200m?h.

May lam sach bai bién Sweepy Hydro

Hinh 5. May lam sach béi bién Sweepy Hydro
Tbdc dod 1,8m/s; chiéu siu 16p cat lam

sach 12cm; bé rong lam viéc 110cm; ndng suét
~4.200 m?/h.

May lam sach bdi bién BeBot

lr- L t'r -

Hinh 6. May lam sach bdi bién Bebot

Tdc do 0,75m/s; chiéu sau lam sach
10cm; bé rong lam viéc 130cm; nang suat
~3.000m?/h.
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Bai bao nay nghién ciru dong hoc, dong
luc hoc co cdu sang cat bai bién dya tren cau
hinh BeBot, tir do rut ra cac dac trung can cha
y khi thiét ké cum sang cét trong robot sang cat.

2. PHUONG PHAP LAM SACH CAT
DUNG ROBOT

2.1. Phwong phap cao cat

Phuong phap cao dugc su dung trén cat
kho hodc wét. Nguyén tic 1a mot bang chuyén
quay chira mot dai cac rang, xtc qua 16p cat va
b6i cac manh vun truyén 1én bang chuyén.

Patent US4014390
r ;:; . __
L
i /<
/I(,
/ A 7 / —-_\\
—{ e s )

May don bii bién Surf Rake
Hinh 7. Cac co cau cao cat

Tuy vay, do viéc cao gay ap luc 16n 1én
cac rang, nén viéc bao tri cling 1a mot van dé
can luu ¥, ngoai ra rac thai c¢6 thé méc ket vao
ring va bang chuyén.

2.2. Phwong phap xuc va sang cat

Phuong phap nay dung cho cat kho
va mém. Cat va chat thai dugc thu gom thong
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qua ludi gat cua xe va dugc sang rung de di
chuyen rac thai di 1én, cat dugc sang xudng.
Chét thai duogc tap trung trong mot bo phan thu
gom thuong nam & phia sau xe. Boi vi cat va
chét thai duoc nang 1én mot sang rung, cac may
sang cat phai cho phép thoi gian dé cat duoc
sang qua sang va trd lai bai bién, do d6 cham
hon so v6i1 cac may st dung phuong phap cao.
Sang rung co thé duoc thiét ké dé rac thai dugc
di chuyén 1én trén bang hai cach chinh:

— Di chuyén bang cach “bam — truot”
trén khung sang, trong qua trinh di chuyén vat
liu khong roi khoi bé mat sang. Thong thuong
cach nay dugc dung dé van chuyén cac vat liéu
bot nhu xy mang,... vi viéc “nhdy” khdi sang
gdy doc hai cho khong khi xung quanh.

— Trong qué trinh di chuyén, vat li¢u c6
thé “nhdy” khoi bé mat sang, sau do quay lai bé
mat sang va “bam’ hoac “truot”, hoac ca hai.

Co thé théy, trén thuc té, cach tht hai
dugc sir dung rat nhi€u vi hiéu qua cao hon, it
mai mon bé mat sang [1].

My sang béi bién Bebot

Hinh 8. Co cdu sang cdt phé bién

Thong thuong, cac co cau sang la co
cau bon khau ban 1€ song song dé trong suot
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quéa trinh sang, mit sang khong thay doi goc Bebot duoc bai bao nay dung dé khao sat dic

nghiéng so voi mat dat. tinh dong hoc cho viéc thiét ké may lam sach

bii bién ndi chung bang phuong phap sang.

Goéc nghiéng nay phai bé hon goc ma Dong thoi, cac thong sb ki thuat ciia may sang

sat cua vat liéu can sang dé vat liéu co thé di cat Bebot cling dugc dua ra lam yéu cau thiét
chuyén 1én trén [2]. ké trong bai bao nay.

2.3. Phuong phap cao va sang két hop

Miy lam sach bai bién Bea chTech2000

*Hé truc toa 4o c6 tam tai khép H
Hinh 10. Co cdu may sang cdt

May lam sach bii bién Sweepy Hydro
Hinh 9. Cac co cau ket hop cao va sang

Phuong phap nay khac voéi sang cat
thuan tiy & chd no sir dung cac ring dé xic
cat va manh vun lén sang rung thay vi chi dua
vao ludi gat. Vi tri cta cac rang co thé dugc

diéu chinh dé xtic cac vat liéu co kich thude Hinh 11. Nhitng théng so trong qud trinh sang
khac nhau 1én sang rung hi¢u qua hon. Khi

& trén sang, cac may cio va sang két hop st Véi: a la bién do dao dong cua sang
dung cing mét co ciu nhu cac may sang thong (mm); B 1a goc nghiéng cua sang (d9); a la goc
thudng dé loc rac thai ra khoi cat. dao dong cua sang. Day 1a nhiing thong sb anh

huong dén hiéu suit cta viéc sang.
3.PONG HQC CO CAU SANG
3.1. Xac dinh lud¢i sang
Vé6i két cau nho gon, kha nang lam
phang bé mit cat sau khi sang rac thai ra khoi Co ba loai ludi sang thong dung: Ludi
cat va co ciu sang phd bién, may sang cat dan; TAm dyc 18; va Thanh ghi.
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Ludi dan: dung dé phan loai céc vat li¢u
¢6 kinh thudc nhoé. Hinh dang 16 ¢6 thé 1a hinh
vuong, chit nhat, luc gidc,... dugc l[am béng sO1
ddng, thép,... Uu diém 1 c6 bé mit ty do 1on
nhung khong bén.

Tam duc 13: dugce lam tir cac tim kim
loai, trén bé mit co duc céc 16 tron, vuong, chir
nhat, hodc bau duc,... dung dé phan loai céc
loai vat liéu c6 kich thudc > Smm. Céc 16 ¢6
kich thudc tir 5 + 80mm. Uu diém cua loai nay
1a bén, dung dugc lau nhung bé mit tu do nho.
Thanh ghi: dung dé sang vat liéu c6 kich thudc
> 80mm. Cau tao gém cac thanh ghi dugc dat
theo chiéu doc sang, khe h¢ bang kich thudc
ctia vat liéu lot qua sang. DPé co thé sang duoc
loai rac nhé nhat 1a tan thude trén bai bién, ta
chon loai sang ludi dan véi kich thuée 16 Smm.

3.2. Xac dinh kich thwéc sang
Bé rong W cia sang duoc tinh bing

viéc lay nang suat lam viéc t61 da chia cho toc
d0 to1 da cua robot.

" W "

T b b

Hwéng di chuyén cia cit

Hinh 12. Kich thudc cua sang
Bé rong cta sang L duoc tinh theo [3]:

_ 2Kh
~0.785d

(1)

Véi, K 1a hé s6 tinh dén viée bit cac 15
sang, chon K = 10; h 1a chiéu day 16p cat trén
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sang, h = 100mm; d 13 bé rong ludi trén sang.
Tur d6 chon duoc W = 1100mm; L = 545mm.

3.3. Yéu ciu khi thiét ké co ciu sang
Co céu sang phai dap tmg yéu cau:

— Réc thai khong bi tu truot Xuéng;

— Réc thai “nhay” khoi sang dé c6 thé di
chuyén 1én trén va tang hleu qua

—Du nang suét can thiét,

Diéu kién dau tién: géc nghiéng cia
sang B phai bé hon goc ma sat gilra rac thai
va bé mit sang. Theo két qua thuc nghiém cua
nhom nghién ctru, géc ma sat gitra cac loai rac
thai duoc tim tai bién va bé mat sang co gia
tri tu 11,74° + 47,8°. Vat li¢u c6 goc ma sat
thip nhat 14 vo lon nudc, gdc ma sat cao nhit
1a ludi bét ca, nilong, rong bién,... Cac loai rac
thai con lai c6 thé ké dén nhu tan thudc, hop
nhua, d6 cao su, vo dc,... Trong bai bao nay,
goc nghiéng cia sang c6 thé thay doi tir 5° dén
15° dya trén hé s6 ma sat gitra rac va sang. Viéc
diéu chinh dugc thyc hién boi thay dbi do dai
doan HA.

Dé dap ung diéu kién tiép theo, [4] da
thiét [ap mot cong thirc dé rac co thé “nhay” va
di chuyén Ién bé mat sang:

aw? sin(a — ;9)

2
g cosf’ @

Vi, o 1a tbe do dong co (rad/s); a la
goc dao dong, co thé thay ddi tir 30° + 47° bang
cach diéu chinh d6 dai doan GE. Pong thoi,
theo [5], van toc dong co toi da dé vat c6 thé
truot Ién trén sang duoc tinh boi:

30
Wmax = ?Jgtan((p + B)

3)F
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Véi, ¢ 1a goc ma sat cia rac va sang.

Tir (2) va (3), ta giéi han duoc van tdc
cta dong co tur 300 +~ 800 rpm, tuong duong f
= 5,0 = 13,3Hz. Tuy nhién, chi m6 phdng tur ~
8Hz do thap hon thi hiéu suat sang khong cao.

Do d6, bai todn khao sat dong hoc cua
co cdu sang cat dé xem xét hiéu suét sang voi
cac thong s duoc diéu chinh trong pham vi
nhu sau:

— Goc nghiéng f = 5° + 15°;
— Goéc dao dong a = 30° + 50°;
—Tan s dao dong cua sang f=8 + 13,3Hz.

3.4. Thiét 1ap méd phong

Bai bao nay sir dung phan mém Altair
Hyperworks két hop Solidworks dé dung mé
hinh 3D ctia co ciu sang. Dé don gian hoa va
lam nhe qua trinh mo phong, co cdu sang cat
dugc thé hién don gian bang so do nguyén Iy
thay vi thiét lap ddy du mot may sang cat hoan
chinh.

Hinh 13. M6 hinh co cdu sang cdt trong phan mém

Altair Hyperworks

Trong Hinh 13, 1: sang; 2: khay chua
cac rac thai da dugc sang va chua duoc sang dé
tinh toan hiu suat sang.

Sau d6, chuyén mo hinh sang phan mém
Altair EDEM dé tién hanh mo phong viéc sang
céc rac thai. Cac tinh chat nhu hé sb ma sat,
khéi lugng,... cua rac thai dugc cai dat trong
phén mém EDEM dua trén thuc nghiém. Hinh
dang cua rac dugc don gian hoa cho qua trinh
mo phong.

Hinh 14. M6 phong qud trinh sang trong phan
mém Altair EDEM

4. KET QUA MO PHONG

Hiéu suét sang tai cac thong s6 khao sat
duoc thé hién trén Hinh 15.

Higu suit, %

— 8,13Hz ===~ 9,16Hz === 10,22Hz

—--—- 11.25Hz 13.33Hz

Hinh 15. Két qud mé phong hiéu sudt sang
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Goc nghiéng cang 16n, hiéu suit sang
nhin chung cang giam, tuy nhién bang viéc
diéu chinh tdc d6 quay ctia dong co, hiéu suét
sang tang dan khi téc do quay tang dan Diéu
nay dugc thé hién rd khi thay doi tin s6 sang
tur 8 + 9,2Hz va cao hon tai cadc goc nghiéng >
11°. Tan s6 sang cang cao, hiéu suat sang cang
16n (v6i tan s6 16n hon ~ 10Hz, hiéu suit sang
déu dat hon 90%). Két qua mé phong cho thay
v6i van tbe > 10,2Hz, vat liéu s& nhay khoi
sang mot cach hdn loan vé6i bién do rat 1on véi
cac goc nghleng dudi 10°. Tai cac goc nghleng
16n hon, sy hdn loan nay xuat hién tai tan so
11,25Hz tré 1én. Két qua nay cho thay vén tdc
phii hop ~ 8 + 10Hz. Khi diéu chinh goc dao
dong cua sang o dudi 36°, hi¢u suét nhin chung
khong bi anh hudng. Ngoai ra, & goc a = 38° +
47°, hiéu sut ting dan khi goc a ting dan (phu
hop v6i Gaberson, 1947).

5. KET LUAN

Nghién ctru khao sat cac thong s6 dong
hoc clia co cAu may sang cat: van toc quay cia
dong co, goc nghiéng cua sang, goc dao dong
cta sang anh huong dén hiéu suét sang. Tur co
s& nay, ta co thé chon thong s6 phu hop cho qua
trinh thiét ké sang, cu thé cho sang rac trong bai
toan 1am sach bai bién. Két qua trén dugc tom
tat nhu sau:

— Go6c nghiéng cua sang B~ 5° + 15°;
— Tan s6 sang f ~ 8 ~ 10Hz;
— Go6c dao dong a = ~ 38° + 47°,
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Dua trén $6 liéu nay, cac thuc nghiém
dang duoc tién hanh tai DCSELab dé tim ra
thong s6 t6i wu cho bai toan thiét ké ché tao
robot sang cat.

Loi cam on:

Nghién ctru nay dugc thuc hién tai Phong
Thi nghiém Trong diém Diéu khién S6 va Ky
thuat Hé théng va dugc tai tro béi Dai hoc Qudc
gia TP. H6 Chi Minh (PHQG-HCM) trong khuén
kho Dé tai ma s6 TX2023-20b-01. ¢
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CHE TAO MODULE CHU’A CON LAN CHO MAY UON ONG
MANUFACTURING ROLLER MODULE FOR PIPE BENDING MACHINE

Tran Minh Thé Uyén, Huynh P§ Song Toan, Bui Chin Thanh, Nguyén H,
Nguyén Tién Diing, Lwong Ly Hai, Tran Huy Phi Hiu, Trin Nguyén An Thuyén,
Pham Minh Triét, Tran Cao Tién, Ping Ngoc Linh
Trudng Dai hoc Su pham K§ thuat Thanh phé Ho Chi Minh

TOM TAT

Hién nay, éng la mot san pham dwoc g dung réng rdi trong doi song ciia con nguwoi. Tir
nhitng san pham ong c6 hinh dang don gian sit dung trong gia dinh nhi ban, ghé, céng, cira s...
hay cdc san pham cé hinh dang phirc tap sir dung trong cdc linh viee cong nghiép nhie ong lam ong
xd xe cho 6 16, ong nwée cia dong co xe, sdt uon lam cau, ong dwoc sir dung lam dwong ong dan
héa chdt trong nha mady... Nudce ta dang trén da phdt trién nganh cong nghiép ndng, lrong ong sir
dung cho cdc nganh céng nghiép la twong doi 1ém, tuy nhién lwong ong san xudt trong nwée phan
I6m tir cdc logi mdy uén thii cong, bdn tw dong véi kha nang tao hinh chua linh hoat va nang sudt
thap khéng dép iing dieoe nhu cau sir dung trong mede. Vi vdy, viéc nghién civu ché tao mdy uén ong
Véi kha nang linh déng trong kha nang tao hinh linh hoat va cho ra ndng sudt cao, ddp vmg dwoc
nhu cau sir dung ong trong nuede gép phan ddy manh sie phat trién nganh cong nghiép nude ta.

Tir khéa: Uon 5ng,' Con lan; May uoén; Ma sat lan.
ABSTRACT

At present, pipes are a widely used product in human life. From simple shaped pipe products
for household use such as tables, chairs, gates, windows.... Or products with complex shapes used
in industrial fields such as automobile exhaust pipes, car engine water pipes, bridge bending irons,
pipes used as chemical pipelines. Our country is on the verge of developing a heavy industry, the
volume of pipes used for industries is relatively large. However, the volume of pipes produced in
the country is mostly from manual and semi-automatic bending machines. The forming ability is
not flexible and the productivity is low, which cannot meet the needs of domestic use. Therefore, the
research and manufacture of pipe bending machines with flexible ability in flexible forming ability
and high productivity to meet the needs of domestic pipes contributes to promoting the development
of our country's industry.

Keywords: Bending pipe,; Roller; Bending machine; Rolling friction.
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1. GIOI THIEU

Ubn 6ng 1a mot phuong phap gla cong
pho bién dé tao hinh cho céc loai dng sat, thép,
inox bang cach ap dung bién dang déo. Phuong
phép nay cho phép tao ra cac dudong cong, goc
chit U va cac doan gap khuc theo yéu cau. Qua
trinh uén éng gitp san pham tré nén mém mai,
khong gy bién dang nit gay.

Trén thi tm(‘mg, ¢6 nhiédu loai may udn
dng duoc str dung dé dap ung nhu cau gla cong
cua nguoi dung, bao gdm may ubn 6ng bing
thuy luc, bang tay, bang dién ning, va ca may
udn dng CNC. May udn éng CNC dugce coi 1a
mot trong nhitng loai may hién dai nhat trong
linh vuc nay.

Tai Viét Nam, hién van chua co cong
ty chuyén nghién ctru va san xuit may ubn 6ng
CNC. Diéu nay c6 nghia 1a thiét bj hién tai
con han ché vé do hién dai, nang suét va chat
luong, khéng thé canh tranh duoc vl cac may
nhap khau. Tuy nhién, trong s6 cac cong ty san
xuat may udn ong kim loai trong nudc, van co
nhirng san pham dat chat lugng va dap ing mot
phan nhu cau sir dung.

May udn thuy luc 1 truc NC cé thé canh
tranh voi cac loai may ubn co va CNC ca vé
gia thanh 13n nang suit lao dong. Vi gia thanh
thap hon 5 lan so v6i may udn co va 3 lan so
v6i may uébn CNC, may nay 1a mot lua chon
hop 1y. Nang suét lao dong ctia may uén thuy
luc 1 truc NC ciing cao gip gan 5 lan so véi
may ubn co va gan 3 1an so v&i may udn CNC.
Trong hé théng tao hinh uén tu do 3D, module
udn c6 thé duge thiét ké theo kiéu truot hodc
kiéu ma sat lan [1, 2]. Module loai ma sat truot
thudong duoc goi 1a module uén théng thuong;
tuy nhién, loai ma sat lan dya trén module uén
bao gém loai con lan dya trén module udn va
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loai bi trong cdu tric. Trong nghién ciru hién
tai, tac dong cua ba module udn 1én lyc tao hinh
va chét lugng dng udn da dugc khao sat. Két
qua thu duogc cho thiy tng suét tiép tuyén va
bién dang ctia cac 6ng dugc hinh thanh boi loai
con lan dya trén module u6n 1 nho nhat trong
s6 ba module udn. Bén canh d6, luc chiu ciu
PU giam manh sau khi st dung loai con lan
va loai bi so voi loai ma sat truot. Hon ntra, su
ddng nhit cua sy phan bd d6 day thanh cua cac
6ng duoc hinh thanh béi loai con lan va loai
bong tot hon so voi nhitng gi thu duoc tir loai
ma sat truot. Ngoai ra, ty 1& bién dang tiét dién
giam 2,8% khi str dung loai con lan va 1,8% khi
su dung loai bi so voi loai ma sat trugt.

Heraling dw LESR LS

Hinh 1. Module loai con lan

B

|r |'\.||

']
&
i
Hal=

|'~| oy A
Hinh 2. Module loai bi

Tk Pl g o
ofilad] afca

(& -.: siiEm | yhe

SOCDofdl b igv,

Hinh 3. Module loai truot



NGHIEN CU'U - TRAO PO

2. PHUONG AN LUA CHON THIET KE
CUA MODULE CHUA CON LAN CHO
MAY UON ONG

Module uén 6ng con lan s€ thyc nghiém
v6i dng c6 dudng kinh ¢10 v6i nhidu goc udbn
khac nhau. Hai phuong an thiét ké dugc dé xuat
va phan tich vu nhugc diém nhu sau.

2.1. Phuwong an 1

Module uén dng 4 con lin, module nay
gdm c6 4 cap gbi do (hinh 4), mdi nira hai gbi
c6 ranh dé gitr truc con lan dugc cé dinh bang
bu 16ng ghim. Bén con lan du’oc xép Vuong goc
VO’l nhau sao cho tiét dién tiép xuc véi éng bi
udn tao thanh mot goc 360 do (hinh 5) [3]. Cac
truc ¢ gitra cac con lan duoc ¢ dinh b?mg cac
bu 16ng ghim nham ngan chin cac con lin dich
chuyén trong qua trinh u6n dng.

U'u diém:

« Dién tich tiép xtc giita ong udn va module
16n.

+ Luc ubn duogc phan tan déu 1én 4 con lan
(Hinh 5) [4].

* Luc ma sat gitta con lan va 6ng bi udn duoc
phan tan déu.

Nhuwoe diém:
* Gia cong phuc tap.

» Lap rap kho.
* Y&u cau do chinh xac va d doi xing cao.

Hinh 4. Goi do co dinh truc cua con lan

Hinh 5. Tiét dién duoc tao béi 4 con lan
2.2. Phuong an 2

Module ubn dng 2 con lan, module nay
gdm c6 2 gbi d& (hinh 6), mdi gbi d& c6 khoan
16 dé giir truc con lan. Hai con lan duoc xép d6i
xtng sao cho tiét dién tiép xac véi éng bi ubn
tao thanh mot goc 360 do (hinh 5). Hai con lan
duoc ¢b dinh béng truc, 2 truc dugc cb dinh
bang 2 gbi d& d6i xtmg nhau.

Uu diém:

+ D¢ gia cong.

o It chi tiét.

+ Dé lap dat.

Nhuoc diém:

e Luc udn chi dugc phan tan ¢ hai bén 6ng bi

uon [4].
* Yéu cau c6 do chinh xac cao.

Hinh 6. Hai géi dé cé dinh truc con lan
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3. GIA CONG, LAP RAP CAC CHI TIET

Module duoc gia cong va ldp rap nhu
cac hinh bén dudi. Mdi con lan bén trong co
hai 6 bi, vong ngoai 6 bi tiép xtc véi con lin
va vong trong 6 thi tiép xuc véi truc. Cac con
lan duge cb dinh bang cac khéi vudng, chém
giita con ldn va khéi vuong 1a long dén dé giir
con lan khong bi ma sat voi khéi vudng khi
quay. Cac khéi vudng sé& cd dinh bo con lin vao
tam dé tron bang bulong dé gan vao phan may
chuyén dong. Dé gitr cho truc khong quay thi
s& ¢6 nhirng con buléng chim ¢b dinh vao phan
truc co vat.

Hinh 9. Ldp rdp module 2 con lin
4. KET LUAN

Nhin chung, 6ng la mét san pham c6
su ung dung rdng rai trong doi song cua con

ngudi. T nhitng san phim éng don gian nhu
ban, ghé, cong, cira s6 cho dén cac ng phuc
tap duoc sur dung trong linh vyc cong nghiép
nhu ong Xa 0 to, ong nuoc dong co, ong udn
1am cau va éng dan hoa chat trong nha may...
Nganh cong nghiép ning lugng dng & nudc ta
dang phat trién manh mé& va c6 nhu cau sir dung
ong kha 16n trong cac nganh cong nghiép. Tuy
nhién, phan 16n ong duoc san xuat trong nudc
dén tir cac loai may udn thai cong hodc ban tu
dong, khong linh hoat trong viéc tao hinh va
nang suét san xut thap, khong dap ung dii nhu
ciu trong nudc.

Vi vay, viéc nghién ctru va ché tao may
ubn dng linh hoat trong viéc tao hinh va c6 nang
sut cao 1a can thiét dé dap tmg nhu cau st dung
dng trong nudc va gop phan thuc diy su phat
trién manh mé& cua nganh cong nghiép nudc
ta. Bang viéc ap dung cac cong nghé udn tién
tién va nang cao hiéu suat san xuat, chung ta c6
thé thu hep khoang cach gitra phuong phap san
xudt hién tai va nhu cau ngay cang phat trién
cua nganh cong nghiép 0 6ng. Piéu nay sé mo ra
co hoi dé cai thién chat lugng san pham, tang
cuong kha ning san xuét va thuc dy phat trién
chung ctuia nganh cong nghiép nudc ta. <
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NGHIEN CU'U THIET KE HE THONG VOI PHUN CHO MAY BAY UAV
PHUN THUOC TRU SAU PNG DUNG TRONG NONG NGHIEP

RESEARCH AND DESIGN SYSTEM OF SPRAYING PESTICIDES FOR UAV
APPLICATION IN AGRICULTURE

Hoang Thi Kim Dung
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Bai bdo nghién ciru thiét ké hé théng voi phun cho may bay khéng nguwoi ldi tng dung phun
thuéc trir sau trong néng nghiép. Mdy bay cé sdi canh 1,5 m, bay véi van téc 20 m/s phun thuéc cho
canh déng dién tich I hecta. Hé théng dan phun c6 chiéu dai 1 m gém bén voi phun. Bom va binh
héa chat dwoc bé tri tai vi tri trong tam ciia mdy bay dé tang tinh on dinh khi hoat dong. Két qua
thir nghiém cho thdy hat phun ra khd nhé, leu heong qua méi voi phun khodng 0,1 lit/phiit véi thoi
gian phun la 1,7 phut.

Tir khéa: Mdy bay khéng nguwoi ldi; Dan phun; Thudc triv sdu.
ABSTRACT

The article researches and designs the spraying perticide system for an unmanned aerial
vehicle (UAV) application in agriculture. The UAV has a wingspan of 1.5 m, flying at speed of 20
m/s, spraying pesticides for an area of 1 hectare. The spray system has a length of 1 m including
four nozzles. Pumps and chemical tanks are located at the center of gravity of the aircraft to
increase operational stability. The test results show that the sprayed particles are quite small, the
Sflow through each nozzle is about 0.1 I/min with a spraying time of 1.7 minutes.

Keywords: UAV; Spraying System; Perticides.

1. PAT VAN PE

Trong nong nghi¢p, hién nay, may bay
khong nguoi 1ai gom ca dang canh quay va
canh bang dugc tmg dung phun thude trir siu
kha rong rdi. Tuy nhién, quy trinh thiét ké, ché
tao dan phun thudc trén may bay con it dugc
nhic dén.

Dé co thé thiét ké hé thdng gian phun

trén may bay UAV, trudc hét phai tim hiéu hé
thdng gian phun trén may bay ndng nghiép
thyc té. Hé thong voi phun trén may bay ndng
nghiép phai dap Gmg duoc cac yéu cau vé: kha
ning phan tan héa chét t6i muc tidu chinh xac;
Puoc hiéu chuan chinh xéc, ¢ hé théng giam
sat dé dam bao do chinh xac lién tuc; C6 kha
ning xa nhanh trong truong hop khan cap; D&
dang 1am sach; Chdng dn mon; Chdng ro ri: Su
10 1i ¢6 thé gdy nguy hiém cho céc thanh phan
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khac ctia may bay, gay 6 nhiém cho méi truong
va con ngudi, va dic biét co thé gy ra nguy hai
cho céc khu vuc khong can st dung thude trir
sau [1].

Céc thanh phan chinh ctia hé théng gian
phun bao gdom: Thing chira, bom, van dicu
khién, thiét bi do Iuu lugng, 4p suat, bo loc, hé
thong duong 6ng, gian phun, thiét bi chéng nho
giot, voi phun [2].

Gian phun 1a bo phan phan phdi chét
long téi cac voi phun doc theo chiéu dai sai
canh, duoc lam tir vat li€u chéng an mon t6t nhu
thép khong gi, dong thau hodc nhom. Gian phun
dugc lip dat & dudi mép ra cia canh 10 in theo
phuong thang dimg va 6 in theo phuong ngang,
chiéu dai cua n6 khoang 70% sai canh (dé tranh
so troi dat cua hoa chét do hiéu ung xody O dau
canh). Cac voi phun duoc bd tri doc trén gian
phun vai khoang cach tir 15-35 cm [3].

Voi phun str dung trén may bay c6 thiét
ké twong tu v6i cac voi phun dugc sir dung trén
mat dat. Dudi ap suat cao, sau khi di qua miéng
voi phun dudng kinh nho, bi cit boi dong khong
khi chuyén dong tuong d6i voi may bay, chat
long s€ bi danh tan ra thanh céc hat nho. Viéc
lya chon loai voi phun, kich thudc, $6 luong,
phan bd trén gian phun 1a rit quan trong, né
anh huong dén mat do phun, kich thudc hat,
su déng nhat cac hat va sy troi dat trong khong
khi [4]. C6 rat nhiéu loai voi phun khac nhau
nhung 5 loai voi phun hay duoc sir dung nhét
trén may bay la: flat-plan, variable-orifice-
flood, voi xoay, full-cone, hollow-cone.

2. LY THUYET TiNH TOAN
2.1. Mat do ap dung

Cac nha xan suat thuoc trur sdu da chira

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn

hang triéu d6 la dé nghién ctru cach st dung san
pham ctia minh mét cach chinh x4c va hiéu qua.
Nghién ctru ndy bao gom viéc xac dinh dung
lugng thude trir sdu dé ap dung kiém soat sau
bénh, dich hai. Viéc st dung luong thudc sau it
hon so véi qui dinh nha san xuét dwa ra 1a duoc
phép xong khong du dé kiém soat sdu bénh,
lang phi thoi gian cling nhu tién bac. Piéu nay
ciing c6 thé din t6i viéc sau bénh khang thudce
va phat trién hon. Con viée str dung qué luong
thudc sau dua ra la khong hop phap va ¢ thé
gy ra cac hau qua nhu:

- Hiéu qua kiém soat sau bénh: C6 thé
lam chét nhiéu sinh vat khac c6 loi;

- Anh huong xau t6i sttc khoe con ngudi;

- Méi truong: Gay 6 nhiém khong khi,
nguén nudc trén mat dat, nude ngém, dat. No
c6 thé tich tu lai va anh huong dén cay trong
cac vu mua sau;

- Gay lang phi va tang gia thanh cua
ung dung.

Ultra-low-volume (ULV): Pay la mot
thuat ngir duoc dung trong linh vuc phun thudce
trir sau, n6 qui dinh liéu luong thube sau ap
dung cho ting loai cdy trong. Cu thé 1 nhé hon
5 1/ha d6i véi canh dong hay dudi 50 1/ha cho
cay cong nghiép. Phuong phép nay ciing dugc
sir dung trong céac chién dich phun trén khong
16n chéng lai sinh vat gdy bénh nhu tse tse-bay
(mot loai rudi hit mau dong vat gay dich bénh
tai chau Phi). Loi ich chinh cua tng dung ULV
1a khéi lwong cong viéc 16n (mdt dién tich 1én
vai hecta c6 thé dugc diéu trj trong mot ngay).
Pay 1a mot su lwa chon tt cho phuwong phap
phun thudc trir sau.

Céc diéu kién ap dung:
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- Dién tich dat 16n dé diéu tri;
- Yéu céau diéu tri nhanh;

- It hodc khong c6 nudc dé 1am hdn hop
thung thuoc trur sau;

- C4c van dé vé hau can ddi voi vat tu;
- bia hinh kho tiép can truc tiép.
2.2. M6 hinh phun

Phuong phap hiéu qua nhat dé kiém tra
mo hinh phun cua gian phun may bay la thém
mot chat chi thi mau nhu huynh quang hoic
thudc nhudém vao hoa chat va tién hanh phun
thir. M6 hinh phun dién hinh cé thé 1a: phun
hinh chit nhat, phun hinh thang hodc phun
hinh tam giac. Trong do, m6 hinh phun hinh
chir nhat 12 hoan hao nhit néu c6 khoang cach
gitra cac voi phun la hop ly. M6 hinh phun hinh
thang hodc tam gidc cling nhu vay nhung mat
d6 phun ctia duong bay dau tién va cudi cing
1a khong déu nhu cac duong bay ¢ giita. Khi
phun, vao cudi mdi vat cit phi cong nén nging
phun thudc va nén bay di xa ngoai khu vuc ap
dung dé cho phép diéu chinh toc do ciing nhu
hudng 1ai trude khi vao vat cit tiép theo.

2.3. Céc buéc tinh toan dé lra chon thiét bi
phu hop

Viéc tinh toan hé théng voi phun dugc
thue hién lan luot theo cac budc sau:

- Buée 1: Xac dinh mat do yéu cau.

4
AR = (1)

Trong d6, AR 1a mat do yéu cau (lit/
hecta), V 1a thé tich hoa chat (lit) va S 1a dién

tich can phun (hecta).

Can ctr vao mure do sau bénh va khuyén
céo dua ra clia nha san xuét cho timg loai hoa
chét dé xac dinh mat do phun ap dung cho dién
tich can phun.

- Budc 2: Xac dinh chiéu dai dan phun.
[=0,7L )

Trong d6, L 1a sai canh (m) va 1 1a chiéu
dai dan phun (m).

- Budc 3: Xac dinh s6 lugng voi phun
(n) s€ lap dat trén gian phun.

/
n=—+1 3
A 3)
Trong do, Al 1a khoang cach gitra céac
voi phun (m). Khoang cach lap cac voi phun
trén gian phun thuong 1a 0,15-0,35 m.

- Budc 4: Xac dinh Iuu lugng tong cua
hé thong.

AR v
= 4
0 500 “4)
Trong d6, Q 14 luu luong tong (lit/phit),
v 1a tbe d6 bay (m/s).

- Budc 5: Xac dinh luu luong yéu ciu
voi mdi voi phun.
q== )
n

T d6, ta c6 thé lua chon duoc voi phun
phu hop.

- Budc 6: Thoi gian bay.

T= (6)

v
Q
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Chu ¥: khi yéu cau vé mat do thay doi,
voi voi phun da lua chon, ta co thé thay doi
bang cach thay doi 4p suat ciia hé thong theo
cong thic:

P =P (ﬂ] (7

b
Véip, va q, 1a ap suat va luu lugng tiéu
chuan cua voi phun do nha san xuat dua ra, con
q, la Iuu lwong phun hiéu chinh tuong tmg véi
ap suat p,.

3. KET QUA

May bay khong nguoi lai dang canh
bang dugc thiét ké sir dung phan mém XFLRS
[5]. May bay c6 canh chinh hinh chit nhat, bién
dang NACA8414, sai canh 1,5 m, chiéu dai day
cung 0,2 m va goc nhi dién 6°; canh dudi ngang
hinh chit nhat, bién dang NACAO0010, sai canh
0,486 m, day cung canh 0,14 m; va canh dudi
dtimg hinh thang, bién dang NACA0010, ntra
sai canh 0,23 m, day cung gdc 0,196 m va day
cung mut canh 0,1 m.

3.1. Bai toan

Thiét ké, lva chon hé théng phun thude
trir sau cho may bay UAV cé sdi canh L=1,5m
bay & van téc V = 50km/h phun thude cho canh
ddng dién tich 1 hecta véi mat d6 1a AR =5 lit/
hecta.

3.2. Tinh toan thiét ké

Véi bai toan dat ra, ta tim dugc: L= 1,5
m, V =2 lit, v=50 km/h, AR = 5 lit/ha.

Viéc tinh toan thiét ké hé théng dan
phun duoc thyc hién nhu sau:

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn

- Bu6c 1: Mat d6 phun yéu cau da biét
5 lit/hecta.

- Bué6c 2: Chiéu dai cta gian phun theo
cong thuce (2) 1a: 1= 1,05 m.

- Budc 3: Chon khoang céach gilra cac
voi phun Al = 0,32 m. S6 lugng voi phun theo
cong thire (3) 1a: n =4 voi phun.

- Bu6c 4: Luu luong tong cta hé théng
theo cong thuce (4) 1a Q = 0,6 lit/phut.

- Budc 5: Luu luong qua mdi voi tinh
theo cong thuce (5) 1a q = 0,15 lit/phut.

Véi luu lugng 0,15 lit/phut, ta chon voi
phun ATR80 white (Hinh 1). Voi phun ATR80
tao ra hat kich thudc rat tot (ma mau do — ki
hiéu 1a VF) & ap suat 40 PSI. Day la dang voi
phun hollow cone, qé thong s luu luong q,=
0,2 lit/phut tai ap suat p,=5 bar, véi luu lugng
la 0,15 lit/phut thi ap suat hoat dong dugc tinh
theo cong thuc (7) 1a 39,4 PSI.

1
g @ HCA / ATR 80° - Hollow Cong
S PEl 50 PE1 6O PS) TOPSI BOPSI 0PSI 100PS1 135 PEI 150PS) 3S0PSI

loai HCA/ATRS80

- Budc 6: Thoti gian phun tinh theo cong
thtrc (6) 1a T = 3,6 phut.

Nhu viy, gian phun c6 chiéu dai 1 m,
trén d6 co lap 4 voi phun, mdi voi cach nhau
32 cm, gbc cua voi phun 1a 45°. Bom va binh
hoa chit s& nam tai vi tri trong tim cta may bay

dé tang tinh on dinh khi hoat dong (Hinh 2). ¥
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Hinh 2. Hinh anh gian phun thiét ké
3.3. Lip dit va thir nghiém

- Thing chtra: Thung chira hoa chat
duogc lam tir nhya, c6 thé tich 0,65 lit. Trén than
binh ¢6 duc 3 15 twong Gmg v&i dudng hoa chat
vao bom, dudng vé cua dong hoa chit sau bom
(c6 tac dung khudy tron hoa chat lién tuc) va
16 con lai dugc dung nhu 6ng théng hoi (tranh
tao thanh chan khong trong binh trong sudt qua
trinh hoat dong cta h¢ théng);

- Bom: Bom la loai bom banh rang c6
cong suat S0W/60W (12V/5A). Dai dién ap ma
bom c6 thé hoat dong binh thuong 1a tir 9 dén
14VDC. Ap lyc tdi da tao ra 1én téi 120 psi va
cung cap tir 5-6 lit/phat. Kich thudc ctia bom 1a
16x12x8 cm;

- Pin: Pin Lipo dién 4p 11,1V, dung
lugng 2200 mAh, dong xa 30C;

- Cong tic va servo: Mot cong tac két
hop véi 1 servo qua 1 tay link bang thép. C6 thé
diéu khién dong ngat cong tic thong qua servo
bang tay diéu khién tir xa;

- Voi phun: Qua tinh toan & phan trudc,
voi phun dugc lua chon s€ c6 luu lugng vao
khoang 0,15 lit/phut, nhung ¢ thi truong Viét
Nam, chi ¢6 loai voi phun véi Iuu lugng 0,1 1it/
phut. Voi phun nay c6 két hop thiét bi chong
nho giot bén trong. Co cau d6 bao gdm mot 10
X0 va mot tru tron co gén dia & mot dau. Khi
bom khong hoat dong, 10 xo s€ déy dia tron bit

miéng ra cua voi phun, ngan chan sy nhé giot
xay ra;

- Puong 6ng va phu kién: Puong 6ng
chinh str dung cho gian phun c¢6 duong kinh la
8 mm. Ngoai dé din hoa chat tir bom t6i gian
phun, tir thuing chira téi bom, con c6 duong dng
phu sau bom, dung dé dan ngugc dong quay trd
lai thung chtra dé thyc hién chtc ning khudy
tron hoa chét.

Hinh 3. Hé théng dan phun ché tao

Hinh 3 13 hé théng gian phun duoc ché
tao, lép dat trude khi dugc tich hop trén may
bay. Sau khi ché tao, thir nghiém cho két qua
hat phun ra kha nho, luu lugng qua mdi voi
phun 13 khoang 0,1 lit/phit. Thoi gian dé phun
hét 0,65 lit thudc trir sau 1a 1,7 phat.

4. KET LUAN

H¢ thong voi phun thude trir siu dugc
nghién ciru, thiét ké va ché tao cho may bay
khong nguoi 1ai dang canh bang sai canh 1,5 m
nham phun thudc trir sdu canh dong 1,5 ha. Két
qué thir nghiém cho thay, hat phun ra kha nho
véi Iuu lugng 0,1 lit/phit cho mdi voi phun va
thoi gian phun 1,7 phat. <
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THIET KE HE THONG TU PONG CAN BANG CHO THIET BI
PHA TANG LUC BINH

DESIGN OF SELF BALANCING OF WATER HYACINTH BREAKER

Ho Nhat An"3, Nguyén Cong Nguyén>3, Dwong Phiic Long" 23, Nguyén Tan Tién" 23
'Khoa Co khi, Truong Pai hoc Bach Khoa Thanh phé H6 Chi Minh
2DCSELab, Trudng Pai hoc Bach Khoa Thanh phé H6 Chi Minh
*Pai hoc Qudc gia Thanh phd HO Chi Minh

TOM TAT

Bai bdo trinh bay gidi phdp méi trong viéc thiét ké va phat trién thiét bi phd tang luc binh
nham khdc phuc nhitng khuyét diém con ton tai trong cdc nghién cieu trude dady tai Viét Nam. Viéc
bam phd khéi luc binh két thanh tang I6n la mét phan viéc quan trong trong quy trinh t6 hop xir Iy
luc binh hién nay. Trong qud trinh phd tang luc binh, thiét bi cé nguy co bi mdt can bang chii yéu
do lwc cdt ciia cum dao cdt gdy ra. Mot trong nhitng phwong dn hiéu qua dé xir Iy mdt can bang
cho thiét bi la ding cdc vit doi trong dwoc diéu khién thong qua b diéu khién PID, di chuyén theo
hai phwong vuéng géc nham tao ra mé men héi phuc cho thiét bi. Két qua mé phong bang Matlab
chitng minh kha nang iing dung cia gidi phdp dwoc dé xudt.

T khéa: Cén bang tw dong; Thiét bi phd tang luc binh; Piéu khién PID.
ABSTRACT

The paper proposes a new solution in the design of water hyacinth breaking machine to
improve the defect that have already existed in previous studies in Vietnam. Breaking the large
blocks is one of important steps in the water hyacinth clearning process. The water hyacinth breaker
is in danger of losing its balance mainly due to the cutting force of weed master-cutter head. One
of the effective methods to control its balance is using controlled counterweights, move in two
perpendicular directions to generate torque to balance the breaker. The simulation results shows
the applicability of proposed solution.

Keywords: Automatic balancing; Water hyacinth breaking machine; PID controller.

1. PAT VAN DE
Luc binh 13 loai thuc vat xAm 14n gay nén nhiéu tac hai cho moi truong co thé ké dén nhu:

ngan chan dong chay, can tré giao thong dudng thuy, suy giam luong oxy trong nuée, 6 nhiém
ngudn nudc, giy ton hai dén hé sinh thai ty nhién trong cac kénh rach, ao, hd,.
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Hinh 1. Tinh trang luc binh hién nay

Luc binh moc cao khoang 30cm, ré
gidong nhu 16ng vii dai dén hon Im cim siu
trong bun 1ay, khi phat trién thuong két thanh
céc tang 1on viing chic, giy kho khan cho viée
thu gom xtur Iy [2]. Quy trinh thu gom luc binh
dé khai thong dong chay bao gom hai budc
chinh: 1. Phé khdi luc binh va 2. Vét luc binh.
Cac budc con lai sau khi thu gom s€ tuy thudc
vao yéu cau xu 1y hodc str dung luc binh.

Nhiéu dé tai nghién ctu di duoc trién
khai dé xtr 1y van dé lyc binh trén kénh rach ¢
Thanh phé H6 Chi Minh va cac tinh lan can.
Trén cac thiét bi thu gom luc binh da dugc ché
tao trude day, dé co thé tach tang luc binh thanh
timg khdi nho, phia trudc bang tai vot duoc
trang bi hai cum dao cit dimg va mot cum dao
cit ngang nhu trén Hinh 2.

I i
=
1. Corcdy ning hg bing 2. Bing idi ver lyc bink
3. H théng dao cdt dimg 4. Hg théng dao cdtngang

Hinh 2. Dao cdt tich hop bang tai vot luc binh
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Céch b tri ndy duogc str dung phd bién
trén cac thiét bi truc vot rong réu trong va ngoai
nude. Riéng dbi véi dac diém cia cay lyc binh,
thuc nghiém cho théy viée st dung cum dao cit
rang cua khong phat huy tdt tac dung so véi cac
loai rong réu khac. bé khic phuc nhuoc diém
nay, mot vai nghién ctru da thiét ké thay hai
cum dao cit dimg bang cum dao cit tron.

Do6i véi trudng hop luc binh két khbi
thanh tang rat 16n, viéc ché tao thiét bi két hop
giira viéc cit khi va truc vot nhu trén 13 khong
hiéu qua, khong thé tach cac tang luc binh
thanh cac khdi nho do bi anh huong cua hién
tuong cit udn nghiéng cy, cit tring va cat sot
[3]. Giai phap dé xuét ¢ day la sir dung thiét b
pha tang luc binh di chuyén bam pha trudc khi
thu gom (xur Iy qua hai budc).

/

pa

—l

L 4l

2 L

|
a s dung dao trén

b, st dyng dao tru

Hinh 3. Thiét bi phd tang luc binh két khoi sir dung
dao cat dang tron va dang tru

Dbi vai thiét bi pha tang luc binh, dao
cit 1a chi tiét quan trong nhat anh huong dén
nang suét lam viéc. C6 hai loai dao cét thuong
dugc st dung 1a dao dang tron (Hinh 3.a) va
dao dang try (Hinh 3.b). Bién dang dao tru c6
thé c¢6 nhiéu dang khac nhau nhung c6 chung
mot cong dung la cat/xé nho luc binh két khdi.
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Viéc thiét ké dao cat phai dam bao duoc cac
yéu t6: 1. Pha duoc két khdi cua luc binh; 2.
Lua dugc luc binh da bam pha sang hai bén
nham tranh can tré viée di chuyén cua thiét bi;
3. Cong suat dong co thap nhat nhung hiéu suit
cit 1a cao nhat c6 thé.

Trén thuc té, viée sir dung dao cit dang
try c6 ning suat cao hon so véi dao cit dang
tron khi ap dung trén thiét bj pha tang luc binh,
mot s két cdu dién hinh ciia dao tru co thé thay
trén Hinh 4.

A
=

a. Weedmaster-cutterhead ¢152 x 3700

i 3

b. Céng ty Nguyén Hong ¢152 x 3700
Hinh 4. Dao cdt luc binh dang tru

Viéc thiét ké dao cit s& dugce trinh bay
chi tiét trong mot bai bao khac. Bai bao nay
tap trung phan tich va giai quyét van dé mat
can bang phat sinh do lyc cét tir cum dao cit
gy nén dao dong cho thiét bi va tir cac nguyén
nhan khéc. Trong bai bao [1], nhom nghién ctru
da dé xuat giai phap tu dong can bang cho thiét
bi v6t luc binh. Trong bai bdo nay, giai phap
dugc trién khai cho thiét bi phé tang luc binh.

Thiét bi pha tang luc binh trong bai bao
nay dua trén thiét ké hé thong xur 1y luc binh
trén kénh rach dang dugc nghién ctru va trién
khai tai DCSELab.

[] L ==
2 .

1. Téus phé iding huc binks 2 Cum dac ot huc bink

Hinh 5. Thiét bi phd tang luc binh sir dung trong
nghién ciru

Thiét bi c6 ciu tao gém mot phao ndi
hoat dong linh hoat trén kénh rach. Phia trudc
thiét bj gan cum dao bam pha khéi/tang luc binh
hoat dong nhd hé théng thay luc dugc lap dat
trén khung do chic chéan. Khi 1am viéc, nguoi
van hanh thiét bi s& diéu khién hé thong thiy
lyc nay dé nang ha cum dao cit sao cho ludi
dao cat c6 thé bam pha lyc binh mét cach tdt
nhat. Cum dao cit hoat dong nho két ndi thanh
climg truyén dong tir dong co cd cong suit du
16m. Luc binh sau khi bam pha s& dugc thu gom
bang thiét bi vot luc binh di chuyén theo sau.

Trong qua trinh van hanh, lyc cit sinh
ra tir cum dao cét s& lam cho thiét bi bi mat can
bang va ting nguy co xay ra nguy hiém. Trong
thue té, thiét bi ciing co thé s& gip phai nhimng
truong hop mat can bang do mot s nguyén
nhan nhu: cit tring ré ciy cing, luc tac dong
16n dot ngdt, ré luc binh quan chit vao dao cit,
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phan luc sinh ra trong qua trinh nang ha cum
dao cat,... cac truong hop nay s€ dugc xem nhu
mot dang nhiéu bat thudng vao hé thong.

y __'IT

R Jrll pitch

X

Hinh 6. Truong hop thiét bi mdt cin bang

Theo tiéu chuén, thiét bi lam viéc trén
kénh rach dugc phép dao dong vai bién do an
toan +4°. Trén thuc té, thiét bi pha tang luc
binh ¢6 thé bi dao dong vuogt ngoai gidi han
nay trong qua trinh bam phéa nhung khong dugc
phép vuot ngudng an toan cia thiét bi. Dé kiém
tra bai toan diéu khién, thanh phan nhidu c6 thé
duoc udc lwong bang khoang 10% tai cua thiét
bi. Hai loai nhiéu duoc sir dung trong nghién
ctru nay bao gdm dang budc va dang diéu hoa.

2. GIAI PHAP PE NGHI

Pé can bang lai mé men gy ra mét can
béng cho thiét bi, mot hé cac ddi trong duogc bd
tri trén boong nham tao ra mO men hoi phuc,
gitip dua thiét bi tro lai trang thai can bang
nhanh chong. So d6 nguyén 1y cua co ciu duge
thé hi¢n & Hinh 7.

% SR

Hinh 7. So' d6 nguyén Iy hé thong cdn bang
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Khéi ning m, dung cén bang cho goc
nghleng ngang (goc roll) day la truong hop
thiét bi bi vuéng ré cay vao mot bén dao cit,
khéi ning m, va khéi ning m, dung céan béng
cho goc chu1 (gobc pltch) day la truong hop
thiét bi b mat can bang do lyc cit ciia cum dao
gy ra chu yéu. M6 hinh hé cin bang thiét bi
duoc mo ta nhu sau:

[Ipép = g(2myx, — 2mgx3) — gmex,
Irér = g2myx; — ame¥r

Vi, [ : m6 men quan tinh cua thiét bi
theo truc pltch N/m; I : m6 men quan tinh cua
thiét b theo truc roll, N/m 9 dao ham cap 2
goc nghleng cua thiét bi theo truc pltch °; 6
dao ham cap 2 goc nghleng cua thiét bi theo
truc roll, °; g: gia téc trong truong, m/s%;
khdi lugng cua cac con nang, kg, x.: khoang
cach tir trong tim con ning dén trong tam thiét
bi, mm; m khéi lugng luc binh tac dong, kg; x,
va Ye canh tay don ngoal luc theo phuong x Va
y ddi v6i trong tam thiét bi, mm.

Nhu da dé cap, cac m6 men ngoai luc
tac dong do viéc bam pha lyc binh 1am thiét bi
mét can béng duoc xem nhu mot dang nhiéu hé
thong, khi do:

b, ?[(Zmzxz — 2maxy)] + d,

p
. g
E‘I" = _—MqXq + dr
I,
Vi, dp: nhiéu theo truc pitch; d: nhiéu
theo truc roll.

Céc khoi nang dugc dicu khién bédi céac

bo diéu khién vi tri PID kinh dién va cho két
qua ¢ phan ke tiép.
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3. KET QUA MO PHONG

Bo diéu khién cho hé can bang thiét bi
dugc mo phong trén Matlab st dung mo6 phong
roi rac véi thoi gian 1dy mau dt = 0.01s. Cac
thong sb ky thuat thuc t& cta thiét bi bam pha
luc binh nhu sau:

Bdng 1. Théng s6 mé phong

Théng sb Gia tri
Momen quén tinh theo truc roll, I 840,000
Momen quén tinh theo truc pitch, Ip 930,000
Khéi lwong dbi trong 1, m, 500
Khdi luong dbi trong 2, m, 200
Khoi luong ddi trong 3, m, 200
Gidi han goc nhiéu didu hoa [—4.,4]
Gi6i han goc nhiéu budc khi tai [0,12]

Céac mo6 phong dugc thyc hién trong
trudng hop c6 tac dong cua nhiéu ngoai luc va
nhidu diéu hoa. Pé dam bao tinh dép Gng cla
bo diéu khién, cac nhiéu duge dat ngéu nhién
trong gidi han cho phép.

Dbi véi truong hop 6 nhiu diéu hoa
tlr ban than cua thiét bi do céac yéu td ngoai luc
khac tac dong ma khong phai tir luc binh, cac
d6i trong can bang thiét bi va giit cho thiét bi
dao dong véi bién do cho phép < 4° theo ca
phuong roll va phuong pitch.

Dbi v6i truong hop c6 nhiéu ngoai luc,
bai toan mo phong cho trudng hop thiét bi chay
khong tai trén mat nude va bit dau bam cit
trang luc binh (két qua md phong thiét bi bam
cat trang lyc binh vao thoi diém tir gidy thir 15
dén gidy thtr 25) khién thiét bi chiu dao dong
v6i bién d6 12°. Trong sudt qué trinh nay, thiét

bi van chiu tai dao dong diéu hoa dén tir cac
yéu to ngoai lyc khién thiét bi dao dong trong
bién dg +4°.

11

) : rl’iwﬂm
=3 ’: ,:" : nh i dfidu hoal
g4 [\

SN VAN AN A ' FA)
M SRV \ X VA,
o
45 16 Yy 5
.i"’mgm

o ae:: 9w-r:
rhicu didu hoa

JA Hﬁﬂf\[\f\
RVAVAVRVRAVAVAVE

Gae rofl, do

'nﬂ'f gl '.:
Hinh 7. Do thi dap vmg géc nghiéng — truong hop
co nhiéu buoc

Nhdn xét:

Trong trudng hop c6 nhidu tac dong 16n
dén tir qua trinh bam pha luc binh két khdi, duoc
mo phong dudi dang nhidu step, hé théng tuy bi
tac dong boi nhiéu khién dap ung goc nghiéng
theo phuong pltch bién thién ~10° nhung Van
cho phép hé thong bam ldy gia tri mong mudn
sau khi két thic tac dong cua nhiéu voi bién do
dao dong cho phép.

Dbi v6i goc roll, do khong c6 tac dong
tryc tiép tir nhiéu step tir qué trinh bam pha luc
binh két khéi ma chi bao gdm nhiéu diéu hoa
dén tir cac yéu td ngoai canh nhu gié va moi
truong nude, md phong cho két qua cac goc
nghiéng theo phuong roll dao dong cua thiét bi
bam pha dat muc ~2°, thudc bién do dao dong
cho phép +4°, tir 46 ching minh tinh 6n dinh
cta bo diéu khién.
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4. KET LUAN

Tir nghién cru nguyén nhan giy mat
can bang trén thiét bi pha tang luc binh dang
duoc trién khai tai DCSELab, bai toan can bang
tu dong cho thiét bi pha tang luc binh dugc dé
xuat va giai quyét. Vi két qua mo phong bang
Matlab dé cho thdy tinh kha thi trong viéc st
dung cac vat dbi trong dugc diéu khién thong
qua bd diéu khién PID nham tao ra mdé men
hdi phuc cho thiét bi. Van d& hoan thién trén
thiét bi thuc té dang dugc tiép tuc trién khai tai
DCSELab.
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Nghién cuu nay duogc tai trg boi
Pai hoc Qudc gia Thanh phé H6 Chi Minh
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'NGHIEN C’U ANH HUONG CUA BIEN DO DANH LAI
DEN ON PINH QUY DAO KHI CHUYEN LAN CUA BDOAN XE
SO’ MI RO' MOOC

A STUDY ON EFFECTS OF DRIVE RANGE ON ORIGINAL STABILITY WHEN
CHANGING LANES OF TRACTOR SEMI TRAILER

Trwong Van Thudn*, Vii Van Quang
Truong Pai hoc Phenikaa

TOM TAT

O Viét Nam, doan xe so mi ro modc (DXSMRM) bao gom xe dau kéo (XDK) va so mi ro
modc (SMRM) la dwoc sir dung tiwong déi phé bién trong vdn chuyen cia nhiéu linh viec thuong
mai, kinh te . [1]. Khi quay vong, DXSMRM thuong de bi mat 6n dinh ngang. Mat 6n dinh ngang
gom: (i) mat on dinh ‘hwdng (Yaw Instability), (ii) mdt on dinh it ngang (Roll Instability). Tai nan
giao thong xay ra doi véi PXSMRM do nhzeu nguyén nhan, trong dé chi yéu la do dodn xe mat
on dinh chuyén dong trén dwong khi tang toc, khi phanh, khi vieot xe, tranh chuwéng ngai vat, khi
chay trén dwong cé hé sé bam thap hodc khi doan xe di vao dwong vong [2], [3]. Bai béo trinh bay
phirong phdp thiét Igp mé hinh déng lwc hoc doan xe so mi ro modc theo phwong phap hé nhiéu vit
va hé phwong trinh Newton-Euler. Trong mdt phang dwong, moi vat tach cau tric dwoc mé ta voi
3 bdc tr do: doc, ngang, quay than xe. Si dyng mo hinh dong lyrc da xay dung két hop véi phirong
Pphdp mé phong so6 thong qua phan mém Matlab-Simulink d@é khdo sdt anh hwéng ciia bién dé danh
lai dén 6n dinh chuyén déng ciia doan xe so mi ro moée khi chuyen lan duong.

Tir khoa: Podn xe so mi ro modc; Xe dau kéo; Chuyen lan dwong don; Pong luc hoc hé
nhiéu vt; Bién d¢ déanh ldi.

ABSTRACT

In Vietnam, fleet of semi-trailers (DXSMRM) including tractors (XDK) and semi-trailers
(SMRM) are relatively commonly used in transportation in many fields of commerce, economy, etc...
When revolving, the DXSMRM is often prone to lateral instability. Horizontal instability includes:
(i) Yaw Instability, (ii) Roll Instability. Traffic accidents happen to the SMRM due to many reasons,
of which the main reason is due to the unstable convoy moving on the road when accelerating,
when braking, when overtaking, avoiding obstacles, when running on the road with high traffic,
low coefficient of traction or when the convoy enters a roundabout. This paper presents a method
to establish a dynamic model of a semi-trailer convoy by the method of many-body systems and
the system of Newton-Euler equations. In the road plane, each structural splitter is described with
3 degrees of freedom: longitudinal, transverse, and body rotation. Using the built-in dynamic
model in combination with the numerical simulation method through Matlab-Simulink software
to investigate the influence of the steering amplitude on the movement stability of the semi-trailer
convoy when changing lanes.

Keywords: Convoy of semi-trailers, Tractors, Single lane change; Multi-body dynamics;
Steering amplitude.
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1. GIOI THIEU CHUNG

Khi diéu khién doan xe so mi ro modc
(DXSMRM), nguoi 1ai thuc hién phdi hop cac
thao tac diéu khién nhu ga, phanh, quay vo
lang... Nhimg phan tng d6 nhiéu khi 1a chu
quan. Poan xe so mi ro modéc chuyén dong
trong moi truong giao thong duogc dic trung
boi mat do giao thong, mép md mat duong, hé
s6 bam (diéu kién ngoai canh). Mdi doan xe c6
cAu trac riéng; dac biét doan xe la td hop cua
cac khau lién két qua khép yén ngya. Khi doan
xe dugc diéu khién, nhét 1a ‘quay vo lang, tuy
thugc ham déanh lai va Van tc xe, tly vao diéu
kién dudng ciing nhu ciu tric doan xe, phan
{mg cua doan xe c6 thé khong nhu ¥ dinh cua
14i xe: PXSMRM c6 thé mat dn dinh.

Trong diéu kién duong Viét Nam, nguoi
14i phai thuong xuyén phai diéu khién tich hop
(phanh, ga, la1) de xe ¢6 thé di nhu mong mudn.
Ngoai cac yéu td tac dong tir duong, can khi
dong thi phan rng cia nguoi 1ai anh hudng 16n
dén 6n dinh chuyén dong cia PXSMRM nhu
so' d hinh 1.

T o 3

1 YEU TO NGOAI CANH KHAC I

Fouz|Faye = Fomm==—=— wni | Fap

ey I NGUOT LAI r—
My == ====- Mg Myg| 8

e e e e —— e e
| - © DXSMRM . = | &
¥: — " T"'
| - L i ¥
| e == L
| Xz L LK
| SO MI RO MOOC = KHOP NOI XE BAUKEO [T

T —————

Hinh 1. So' do twong tic Puong — DXSMRM —
Nguoi lai

Céc thong sb ky thuat ciia xe DPXSMRM
4 cau gdbm XDK 2 cau MAZ 543203-220 [3] va
SMRM 2 céu c6 ky hiéu DV-CSKS-400NA [4]
duoc chon 1am déi tuong nghién ctru.

2. MO HINH PONG LUC HQC POAN XE
SO MI RO MOOC

Nhom tac gida lya chon phuong phéap
tach ciu trac hé nhiéu vat thuc hién viéc tich
cac phan ciu trac riéng thong qua cac diém lién
két. Tai cac lién két khi tach ciu truc, ta thay
cac lyc hodc mo6 men c6 cung tri s6, khac chiéu
va cung phuong, huéng duong la hudéng cua
chuyén dong. V&i mdi phan tach ciu tric dung
phuong trinh Newton-Euler [4] ¢ thé thiét 1ap
phuong trinh mé ta chuyén dong. DPXSMRM
duoc tach thanh hai phan twong mg véi hai
hé quy chiéu cuc bo 1a C x,y, ung voi xe dau
kéo (XDK) va Cx,y, tng v6i so mi ro mooc
(SMRM) dét tai cac trong tAm nhu hinh 2, tir d6
thanh 1ap dugc hé phuong trinh mo ta chuyén
dong DXSMRM trong mit phang duong duoc
viét riéng cho ting phan.

Hinh 2. M6 hinh dong lyc hoc PXSMRM trong
mdt phang diong

Hé phuong trinh mé ta chuyén dong cua XDK:

M, X, - My, = XDCOSSD
M, ¥,- My, =

T = [( F,;,c088,,- F,,,sind, ) (xncosﬁn F,,;sind ]b

+|: F,8in8,,+ F,;;c088,, ) +(F.,sind ,+ F,, sind ]1 + (F -
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E,;8ind,,+ F,;,c088 ,- F,;,5in8 ,+ F,,, + F,

Fo)b,- (B + B+ F L+ F, 1

ol s A

1l Tl

F,,sind,,+F,cosd,,+ F, sind,,+ F sind ,+ F, +F_,+F, ,-F,

(1)

wl
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Hé phuong trinh mé ta chuyén dong SMRM:

M 2X2' Mz?ijzz Fh;:"' Fx31+ Fx32+ Fx4-1+ Fx-'ﬂ- waz
M 1351' IVIIXI“[JIZ Fky2+ Fy3l+ Fyi-1+ F_vai.z' Fm‘}-‘l

szz' Fxsl)bs' (anfz'

Céc ngoai lyc va mo men bén trai bao
gom: F_,F,_,F_,F, 14 luc lién két tai khop
noi dugc tinh tor gia thlet khép nbi dang 1y
tuong [S]; F JFo la cac lyc tur duong tac dung
1én banh xe dan hoi duogc xac dlnh qua md hinh
16p phi tuyén st dung ham mau Ammon [6];
F . Fwyl’ waz, F ,1a cac luc can khi dong; b ,
b, b, b, la vet tlep Xuc tai cac ciu xe; L, 1, lk2
la khoang cach tir cac trong tdm cua ting xe
dén cac ciu xe i va khop nbi twong tmg; L1,
1a khoang céch tir trong tim xe dén tAm dat luc
khi dong tuong ung.

leqjlz(

Viéc xac dinh vi tri trong tam C_(X_,Y )
cta tirng xe (m = 1: XPK; m = 2: SMRM) phu
thudc vao giai h¢ phuong trinh vi phan (1) va
(2), toa do cac diém gioi han P, (X,)Y,) (nhu
hinh 2) cua tung xe trong h¢ quy chiéu c6 dinh
nhu sau:

Xﬂ_=j (% cosy_-y_simy_)dt

Yﬂ_=j (% jcosy_+vy_cosy_)dt

X=X+ (-l)i'lLucoswm(-l)jBusinwm (3)
Y=Y, + (-1)"L,siny_ (-1)’B cosy,,

Trong do:

1=1; 2: Cac vi tri gio1 han trudc va sau
cua XDPK;

1=13; 4: Cac vi tri gidi han trude va sau
cua SMRM;

j=1;2: Cac vi tri gidi han trai va phai
cua tirng vi tri 1;

L Khoang céach tir trong tam C_ dén
diém P theo phuong doc xe, m;

B Khoang céch tur trong tim C dén
diém P theo phuong ngang xe, m.

(2)

Fx—‘i—l)b-‘i-- Fkyllﬂ (Fx-31+ F 32 )1 (Fyu+ Fy4:)14 + Fw_vzlwz

3. KET QUA VA PANH GIA

Tur hé phuong trinh vi phan da dugc
thiét lap & muc 2, két hop st dung ph?m mém
Matlab-Simulink, thiét 1ap cic khéi mod phong
md hinh dong luc hoc cua BPXSMRM. Cac
thong s6 két cAu duoc xac dinh tr PXSMRM
gém XPK 2 cau MAZ 543203-220 va SMRM
2 cau DV-CSKS-400NA [7].

Nghién ctru khao sat trang thai chuyén
lan duong don véi cac van tée 50km/h & goc lai
dang Sin don dang m¢ [8], bién do goc lai 6A
= [2°:0,5°:4°] véi tan sb danh 14i f = 0,37 Hz
(thoi gian danh 1ai mot chu ky At bang 2,7s)
nhu hinh 3. Khoang A duoc lya chon khao sat
v6i myc tiéu c6 cac phuong an khao sat cho két
quéa chuyén lan duong dung, vi pham trong, vi
pham ngoai dé danh gia 6n dinh quy dao cua
DXSMRM khi chuyén lan duong don. Luya
chon dudng phing cap thiét ké I11 véi bé rong
mot lan duong 1a 3,5m theo TCVN 4054:2005
[9] v6i hé s6 bam ¢ bang 0,5; Dénh gié su
vi pham lan duong thong qua toa do ngang Y,
ctia cac diém gi6i han phai, trai, trudc, sau P
ctia ting xe nhu biéu dién trén hinh 4 + 11.

A\t
NSO e 1,59
4

I?s)
Hinh 3. Quy dinh danh ldi sin don cho goc quay
bdnh xe dan hudéng bén trdi d,,
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Khi chuyén lan duong, sy thay doi cac
thong s6 dong hoc dan dén cac thong sé dong
I hoc thay doi. Su thay ddi tai trong dong cac
banh xe anh huéng truc tiép dén chuyén dong
cia DPXSMRM. Khi bién d¢ dA cang 16n thi
su thay ddi tai trong cang 16n. Trong giai doan
tang goc lai (goc lai duong) thi tai trong banh
xe bén trai ting dan, tai trong banh xe bén phai
giam dan. Céc tai trong khi khao sat déu chua
giam vé 0, tic 1a chua c6 hién tuong tach banh
xe. Poan xe khong bi mat 6n dinh 14t ngang.

---------------------------------------------------------

Yy (m)
-,

11s)

.........................................................

1(s)

Hinh 7. D6 thi toa dé ngang Y, cua diém P,
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Toa d§ ngang cua céac trong tdm XDK
va SMRM cho thiy, khi ting 3A thi dich chuyén
ngang ting lén. Chuyén lan duong ding 1a quéa
trinh chuyén lan khi vi tri cta trong tdm xe s&
bang ding tim lan dudng mong mudn (chuyén
lan duong 1y tuong). Trong thuc té, doan xe rat
kho bam hoan toan theo duong mong mudn.
Qua trinh chuyén 1an dudng 14 thira (overshoot)
khi toa do trong tdm cac xe 16n hon toa do cua
lan duong mong mubn. Con chuyén lan duong
thiéu (undershoot) thi nguoc lai. Cac khao sat
cho théy, vO1 0A bé‘mg 3,5°, toa d§ trong tdm
gan bam véi duong mong mudn. Tire 14 toa do
ngang ctia ca XDK va SMRM déu gan bam véi
duong mong mudn, tuy nhién sau do thi ¢ xu
huéng bi huéng vao trong mot chit. Dicu nay
12 do quy luat danh lai dang khong phan hdi.
Dbi v6i qua trinh danh 1ai c6 phan hdi (close
loop) thi nguoi 1ai s€ danh lai bam theo lan
duong véi mot quy luat gan véi dudng Sin don
c6 thay dbi theo diéu kién duong. Doi véi cac
truong hop 5A nho thi DPXSMRM bi chuyén lan
duong thiéu; SA 16n thi DPXSMRM bi chuyén
lan duong thira. Nhung van dé dit ra 1a chuyén
lan duong thira hodc chuyén lan duong thiéu
bao nhi€u thi xe khong bi vi pham lan duong.

Xét cac chi ti€u gioi han ngoai (maxY )
tir hinh 4 dén hinh 7 cho thy: Sy vi pham ngoai
xay ra khi danh 14i v6i A bang 4° thi xdy ra vi
pham lan duong ngoai & cac diém gidi han P o
P, P,. Con vGi A bang 4,5° thi su vi pham
ngoai xay ra ¢ ca 4 diém gi6i han.

Trong d6, sy vi pham xdy ra sém nhat
& diem P, , danh gid qua vi tri Y, (d0 thi hinh
4). Su vi pham ngoai dan dén kha nang xe bi va
cham véi thanh, 1& duong... dan dén cac trang
thai mat 6n dinh nguy hiém.
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Yz (m)

Yy (m)
T

Hinh 10. D6 thi toa dé ngang Y., cua diém P,

Yy ()

5
1is)

Hinh 11. Do thi toa do ngang Y, cua diém P,

Vi cac diém gidi han trong, su vi pham
xay ra khi bién d¢ goc 1ai dA 1a khong du 1on.
Vi A bang 2° va 2,5° thi cac diém gidi han
P, déu bi Vi‘pham trong. ’§u: vi pham trong dan
dén mot phan doan xe van chua chuyén sang
duoc lan duong mong mudn. Piéu d6 ¢ thé
dan dén sy va cham véi cac phuong tién ciing
chiéu trong lan dudng di chuyén hodc phuong
tién di nguoc chiéu.

Bdng 1. Bang tong hop cdc chi tiéu theo bién dé goc ldi

[0
Chi tica OA() 2 2,5 3 3,5 4 45
maxY, (m) 3,414 3,93 4434 | 4921 5,387 5,817
maxY (m) 3,375 3,879 4371 | 4,848 5,304 5,727
maxY, (m) 3,389 3,902 4402 | 4,886 5,349 5,778
maxY, (m) 3,337 3,827 4302 | 476 5,196 5,598
maxY (m) 0,915 1,433 1,937 | 2,426 2,892 3,324
maxY  (m) 0,875 1,379 1,871 | 2,348 2,804 3,227
maxY _(m) 0,912 1,426 1,928 | 2,414 2,88 3,311
maxY, (m) 0,857 1,347 1,822 | 228 2,716 3,118
maxY (m) 2,123 2,626 3,117 | 3,592 4,046 4,468
maxY (m) 2,097 2,587 3,062 | 3,52 3,956 4,359
Thoi dlé?:)“ pham | 5o (p12) 4,26(P12) X X 3,982(P11) | 3,734(P11)
Két luan Vi pham trong | Vi pham trong Dat Dat Vip h:@m Vip h:@m
ngoai ngoai
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Su vi pham lan duong ngoai thudong xay
ra voi cac bién do goc lai 6A 16n. 6A cang l6n
thi sy vi pham ngoai cang nhiéu. Sy vi pham
nay bat dau ¢ cac diém trude trai (P11) cia
XPK, sau d6 méi dén cac diém gidi han dudi.
Khi bi vi pham lan duong ngoai thi cac diém
giéi han vuot qua lan ngoai, dan dén xe c6 kha
ning bi va cham véi thanh 1& duong...

Su vi pham lan duong trong thuong xay
ra voi cac bién do 0A nho. 6A cang nho thi su
vi pham trong cang nhiéu. Sy vi pham nay bat
dau & céc diém trude phai (P,) cua XPK. Khi
bi vi pham lan duong trong thi cac diém gidi
han khong vuot qua dugc lan duong ci, diéu do
c6 thé gay ra su va cham vdi cac phuong tién
di cung chiéu (néu doan xe dang vuot) hodc cac
phuong tién di nguoc chiéu (néu doan xe dang
tranh xe khac).

Nhu vay, 6 truong hop khao sat voi cac
bién do danh 1ai SA tir 2° dén 4,5° thi ¢ thé xac
dinh duoc voi 3° va 3,5° thi DPXSMRM khong
bi vi pham lan duong. Tuy nhién, dé xac dinh
duoc chinh xac khoang A dé DPXSMRM con
chuyén lan duong dugc (chuyén lan duong du)
thi cAn khao st rat nhiéu céc gia tri 6A hodc su
dung phuong phap gan dung.

Véi phuong 4n khao sat nay co thé xac
dinh dugc khoang gié tri bién d§ danh 1ai 0A &
van toc xe 50km/h va tan sé danh 14i 1a 0,370Hz
ma DPXSMRM c¢6 thé chuyén lan duong dugc
tir 2,9240 dén 3,8530 va khoang hé sd twong
duong dam bao 1a tir 0,67 dén 0,679 [10].

4. KET LUAN

Khi chuyén lan duong, nguoi l4i can cé
diéu khién tuy theo trang thai thyc té cua xe. Co
nhiéu yéu t6 anh huéng dén kha ning chuyén
lan duong cua BPXSMRM. Bai bao da trinh bay
mo hinh dong luc hoc hai day cia BPXSMRM
bang phuong phap hé nhiéu vat va hé phuong

trinh Newton — Euler két hop mé phoéng sb
thong qua phan mém Matlab-Simulink.

Khao sat véi quy luat danh 1ai Sin don
cho céc trang thai chuyén lan duong don. Khi
chuyén lan duong don véi cac bién do danh
lai cao, PXSMRM c6 kha ndng bi vi pham
lan dudng ngoai. O cac bién do danh lai thap,
DBXSMRM bi vi pham lan duong trong.

V61 phuong phap khdo sat trén, co
thé khao sat xac dinh duoc ving diéu khién
nhiéu thong sé dé xe c6 thé chuyén lan dudng
ma khéng bi va cham véi 1& dudng hodc cac
phuong tién khac, 1am co sé cho hé thong 14i tur
dong khi chuyén lan duong.

Ngay nhan bai: 22/6/2023
Ngay phéan bién: 07/7/2023
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KHAO SAT TiNH ON PINH CUA MAY BAY UAV PHUN THUOC
TRU SAU NG DUNG TRONG NONG NGHIEP

SURVEY THE STABILITY OF UAV SPRAYING PESTICIDES APPLICATION IN
AGRICULTURE

Hoang Thi Kim Dung
Truong Co khi, Dai hoc Bach khoa Ha Noi

TOM TAT

Bai bao nghlen ciiu, khao sdt tinh 6n dinh tinh va on dinh déng cia may bay khong nguoi lai
(UAV) phun thuéc trir sdu ung dung trong nong nghiép voi su tro giup cua phan mém XFLRS. Pau
tién, UA Vdu'oc thiét ké dé kiém tra dac tinh khi dong, sau do khao sat dac tinh én dinh. Két qua cho
thay mady bay on dinh tinh tai van toc 13 m/s va géc tan 0,2°. May bay én dinh dng véi hau hét cac
dang chuyén déng, ngoai triv chuyén dong Spiral.

Tir khéa: My bay khéong nguoi ldi; Tinh 6n dinh; XFLRS.

ABSTRACT

The article researches and investigates the static and dynamic stability of unmanned aerial
vehicles (UAV) spraying pesticides application in agriculture with the help of XFLRS sofiware.
First, the UAV is designed to test the aerodynamic performance and then investigate the stability
performance. The results show that the aircraft is statically stable at speed of 13 m/s and attack
angle of 0.2°. The aircraft is dynamically stable with most motion, except for Spiral motion.

Keywords: UAV; Stability; XFLRS.

1. PAT VAN DE

Mot may bay phai c6 d6 6n dinh dé
duy tri quy dao bay dong nhat va phuc hoi tir
cac luc nhidu dong tac dong vao. Vi thé, dé dat
t61 hiéu qua tét nhat, may bay phai c6 dap tmg
thich hop véi chuyén dong cua diéu khién. On
dinh 1a thudc tinh ctia mot trang thai can béng,
1a trang thai bay binh 6n ddng nhat, véi tong
cac luc va cac mo-men dbi voi trong tim may
bay déu bang 0 [1-4].

Véimuc tiéu nghién ctiru may bay khong

ngudi lai dang canh bang tmg dung phun thude
trir sdu trong noéng nghiép, ta s dung phan
mém XFLRS5 [5] dé thiét ké may bay, sau do
xac dinh dic tinh khi dong dé khao sat tinh 6n
dinh 1am tién d& cho viéc x4c dinh ché do lam
viéc cho may bay sau nay.

2. LY THUYET ON PINH

C6 hai dang 6n dinh chinh 1a 6n dinh
tinh va 6n dinh dong. Trong do, on dinh tinh
khong phu thudc vao thoi gian con on dinh
dong nghién ctru dién tién theo thoi gian chuyén
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dong clia may bay sau khi né bi nhiéu dong tac
dong. May bay c6 thé 6n dinh tinh nhung c6 thé
khong 6n dinh dong. On dinh tinh vi thé khong
dam bao cho sy On dinh dong. Tuy nhién, may
bay mubn on dinh dong thi trude hét né phai on
dinh tinh.

2.1. On dinh tinh

Diéu kién dé may bay 6n dinh tinh la:

Cy cgvaC, >0khi C,=0 (1)

oo

Trong fio: C.C.a tuong ung la hé so
mo-men, h¢ s6 luyc nang va goc tan.

2.2. On dinh dong

Trgng tiem - I

(6
U' - i

Hinh 1. Hé truc toa do gcfn voi may bay

M4y bay co sau bac tu do, gdbm ba
chuyén dong tinh tién theo ba phuong va ba
chuyén dong quay quanh ba truc (Hinh 1). Bé
don gian héa, ta phan chuyén dong ctia may bay
thanh hai dang 1a chuyén dong doc va chuyén
dong ngang. Vi mot nhiéu dong trong chuyén
dong doc khong anh hudéng dén chuyén dong
ngang. Anh huong cia chuyén dong ngang tGi
chuyén dong doc & nhiéu loan nho 1a rat nho, ¢6
thé bo qua duoc nhung khi nhiéu loan 1a 16n thi
nhitng anh huong d6 cé tac dong dang ké dén
chuyén dong doc.
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a. Chuyén dong doc

Chuyén dong doc 1a cic chuyén dong
doc theo céc truc doc Ox, truc dung Oz va
chuyén dong quay quanh truc ngang Oy véi
diéu khién 12 d6 1&ch ctia cnh 14i d6 cao va ché
d6 luc day. Phuong trinh trang thai cua chuyén
dong doc dugc tuyén tinh héa theo phuong
phap nhiéu doéng nho nhur sau:

x=Ax+Bn, )
Trong d6: x la véc-to trang thai, n_1a

véc-to diéu khién, A va B la cac ma tran chira
dao ham 6n dinh.

x=[Au Aw Ag A8] n.=[AS AS,] (3a)

X, X, 0 -8
Z, Z, U, 0
A= (3b)
M +MZ, M +MZ, M +Mu, 0
0 0 1 0
I X& Xér
V4 Z,
B= 5 5 (3C)
My +MZ; M, +M,Z,
0 0

Trong do: (p, q, 1), (u, v, w), (X, Y, Z2),
(L, Ma N)s (Ixxa Iyy” Izz)a (Iyza Ixz’,Ixy)’ (\lla es ¢)
tuong ung la van toc goc, van toc dai, luc khi
dong, moé-men khi dong, mo6-men quén tinh,
md-men quan tinh ly tdm, goc Euler theo truc
0x, Oy, 0z; o, o, lan luot 1a goc 1éch génh lai
chinh va canh lai d§ cao; g la gia toc trong
truong.

Nghiém cua phuong trinh (2) dugc
phan thanh hai loai:

- Chuyén dong dai han (long term hodc
phugoid): chuyén dong vi mé, c6 nghiém tng
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Vo1 chuyén dong do do I¢éch cua canh 1ai do cao
va thay doi cua van toc (ché do ga) gay ra.

- Chuyén dong tirc thoi (short term):
nghiém ng véi chuyén dong do do 1éch cua
canh lai dg cao gay ra.

b. Chuyén dong ngang

Chuyén dong ngang 14 cac chuyén dong
chuc ngoc (pitch) theo truc ngang Oy, liéng
(yaw) quanh truc dung Oz va xoay (roll) quanh
truc doc Ox v6i hai kénh diéu khién 1a canh lai
huong (rudder) va canh lai liéng (aileron). So
di két hop chuyén dong trong hai mat phing
Oxy va Oyz 1a vi khi canh 1ai hudéng 1éch di
thi canh lai liéng cling léch theo va nguoc lai.
Phuong tr1nh trang thai ctia chuyén dong ngang
dugc tuyén tinh hoa theo phuong phap nhidu
dong nhod nhu sau:

y=Cy+Dn, 4

Trong do: y 1a véc-to trang thai, n, la
véc-to dleu khién, C va D 1a cdc ma tran chua
dao ham 6n dinh.

V6i mo-men quén tinh [ = 0, ma tran
C va D duogc rut gon thanh:

y=[av Ap Ar Ag] p, =[AS, AS] (Sa)

VY, ~(4-1) -geosh, 0y
L L L 0 Ly L
o R " D= ™ "1 (5b)
N, N, N, 0 N, N,
0 1 0 0 0 0

Trong d6:9,, 6, lan luot 1a gbc 1éch canh
liéng va céanh lai huéng.

Céc dang chuyén dong ngang gom:

- Chuyén dong xoay (roll): Chuyén
d6ng hoi tu nhanh thuan tiy tng voi diéu khién
ctia canh liéng. Chuyén dong roll khong c6 dao
dong do c6 goc nhi di¢n lam 6n dinh bén.

- Chuyén dong xoén dc (spiral): Ché do
spiral, cting nhu roll, n6 khong dao dong. Ché
do spiral co thé 6n dinh hodc khong on dinh.
Tuy nhién, diéu nay khong quan trong do hing
s6 thoi gian ctia ché do spiral 16n cho nén du
khong 6n dinh nhung vi dién ra rit cham cho
nén phi cong hoan toan ¢ thoi gian dé xir 1.

- Chuyén dong dao dong co6 can bé voi
tan s6 nho (dutch-roll): 13 su két hop cua ba dao
dong “Yaw” quanh truc dung Oz, “Roll” quanh
truc doc Ox va “Pitch” quanh truc Oy, do vay
lam may bay c6 xu hudng lic chao déo.

Hinh 2. M6 hinh may bay

Hinh 3. Phdn bo lwc ning

Nghiém cua phuong trinh trang thai (2)
va (4) 1a nghi¢ém phuac A v6i tan s6 dao dong
riéng o = [Im(},)I, chu ky T = 2n/w, thoi gian dé
bién d6 dao dong giam mot nira hay ting gip
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doi TV2hay2 = 1n2/|Re(k)| Néu phan thuc cua
du’orng/am thi chuyén dong 1a khong 6n dinh/
6n dinh. Tuy nhién, néu phan thyc 4m nhung
thoi gian T'2 qua 16n thi chuyén dong dé ciing
khong 6n dinh.

3. KET QUA

Phan mém XFLR5 dugc su dung dé
thiét ké va sau d6 phan tich dic tinh khi dong
clia may bay dé dua vao khao sat dic tinh on
dinh.

a. Luc ndang

b. Hé s6 phdn bé dp sudt
Hinh 4. Phan bo lyc ndng va ap suat

3.1. M6 hinh may bay

Mo hinh méy bay c6 canh chinh hinh
chit nhat, bién dang NACAS8414, sdi canh
1500mm, chiéu dai day cung 200mm va gbc
nhi dién 6°; canh du6i ngang hinh chir nhat, bién
dang NACAO0010, sai canh 486mm, day cung
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canh 140mm; va canh duo6i dung hinh thang,
bién dang NACAO0010, ntra sai canh 230mm,
day cung gbc 196mm va day cung mat 100mm
(Hinh 2). Tong khéi luong cua may bay la
2,520 kg. Toa do trong tam & vi tri (72,508; 0;
0,131) mm v61 mo-men quan tinh I oL L, Ixy
lan luot 13 79494,18; 62431,24; 130363 54; va
-16316,96 kg/mm?.

3.2. Két qua khi dong

O goc tan 0° va van toc bay 12,34m/s,
luc nang ¢ dudi ngang hudng xudng dudi, no
gitip cAn bang mo-men vdi lyc nang hudng 1én
trén cua canh chinh va lam cho may bay can
bang (H1nh 3). Phan b6 lyc nang va phan bd hé
s6 4p suét dugc thé hién trén Hinh 4a, b. Luc
nang ting theo goc tin va van tdc bay (Hinh 5).
Luc can cdm ung va luc can hinh dang trong
qué trinh bay cua may bay (Hinh 6).

]
50 b 50 1.2 i50

Hinh 5. Luc ndng theo géc tan va vin toc bay

Luc can cam ung (mau vang) sinh ra do
chénh 1éch 4p suat cao & dudi canh va ap suét
thip & trén canh, tao ra dong xody ¢ dau canh
(Hinh 7). Buong dong phia dudi c6 xu huong
léch vé phia miii canh, duong dong bén trén
canh c6 xu hudng 1éch vé tam cua canh. Xoay
hap thu ning lugng va 1am ting lyc can goi la
le can cam tmg. Luc can cam Gng giam tir dau
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mut canh vé gc canh. Bién phap dé lam giam
lre can cam tng nay 1a lam ting ty s6 dang cua
canh, lam canh c6 dang thon va c6 tam chan &
dau canh.

Hinh 6. Luc can cam ung

Hinh 7. Puong dong

3.3. Khio sat tinh 6n dinh
a. On dinh tinh

Khao sat v6i van toc bay tir 10 dén 20m/s
va goc tan tir -10 dén 10°. Piém can bang cla
may bay (C_=0) duoc xéac dinh tai van tdc Vi
= 13m/s (Hinh 8). Diéu do c6 nghia la viéc phan
b6 khoi lugng trén may bay cho phép may bay
can bang trong dai van toc tir 10 dén 13,1m/s
(C_<0). Hinh 9 chi ra rang may bay s& bay 6n
dinh véi goc tan khoang 0,2°. Tai d6, hé s6 luc
nang C, = 0,8 (Hinh 10). Chét luong khi dong,
C,/C,, 16n nhat tai van toc 13-14 m/s, gan nhu
trung voi van toc tai di€ém can bang ciia may
bay (Hinh 11). Nhu vy, may bay on dinh tinh
tai voi van tbe V= 13m/s va goc tan 0,2°.

Hinh 8. C theo vdn téc

Hinh 9. C theo goc tan

Hinh 10. Cm theo CL

Hinh 11. C,/C,, theo vdn toc
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b. On dinh dong
* On dinh doc

Nghiém dic trung cua chuyén dong
doc xac dinh duoc 1a 7‘1,2 =-6,77+11,151 va k3’4 =
-0,02241,0761. Phan thuc ctua cac nghiém déu am,
nhu vay cac chuyén dong doc déu 6n dinh dong.

a. Ngcfn han - /1]’2 =-6,77+11,15i

b. Dai han - 1, , = -0,022+1,076i
Hinh 12. On dinh doc

- Chuyén dong ngin han (Hinh 12a):
tan sd dao dong riéng = 11,15, chu ky T =
0,563 va thoi gian bién dd dao dong giam mot
ntra T2 =0,102s.

- Chuyén dong dai han (Hinh 12b): tan
s6 dao dong riéng: © = 1,076, chu ky T = 5,836
va thoi gian bién d§ dao dong gidm mdt nira
T2=31,507s.
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* On dinh ngang

Nghiém dic trung cua chuyén dong
ngang tim dugclai, =-15,06+0i; A, = 0,231+0i;
A, =-1,915+6,134i.

a. Roll — A, =-15,06+0i

b. Spiml—i2 =0,231+0i

c. Dutch-roll —13'4 =-1,915+6,134i
Hinh 13. On dinh ngang
- Chuyén dong Roll (Hinh 13a): Nghiém ¥
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A coO phan thyc 4m, nén chuyén dong 14 6n dinh
dong. Thoi gian dé giam mot ntra bién do dao
dong 1a 0,046s.

- Chuyén dong Spiral (Hinh 13b):
Nghiém A, ¢ phan thyc dwong, nén chuyén
dong nay khong 6n dinh dong. Thoi gian dé
bién do tang 1én hai 1an 1a 3s.

- Chuyén dong Dutch-roll (Hinh 13c¢):
Nghi?m Ay, €O phan thuc‘ ém,,nén chuyén dong
nay on dinh dong véi tan s6 dao dong riéng
6,134, chu ky 1,278 va thoi gian bién d¢ dao
dong giam mot nura 0,362s.

Nhu vay, may bay 6n dinh dong véi hau
hét cac dang chuyén dong, ngoai trir chuyén
dong Spiral. Thuc té, nguoi didu khién can phai
phan tng nhanh véi loai chuyén dong nay dé
may bay c6 thé bay 6n dinh.

4. KET LUAN

Mo hinh may bay khéng nguoi 14i toc
d6 thap ung dung phun thudc trir sdu dugc
thiét ké, phan tich dic tinh khi dong va khao
sat tinh 6n dinh st dung phan mém XFLRS.
Vi sai canh 1500mm va viéc lya chon phan
bd cac thanh phén trén may bay, két luan nhan

duoc 12 may bay bay on dinh tinh & dai van toc
10 dén 13m/s, goc tan 0,2°. May bay ciing 6n
dinh dong voi hau hét cac chuyén dong ngoai
trir chuyén dong xoan 6¢ spiral. Tuy vy, phi
cong diéu khién c6 thé phan Gng nhanh dé xur
Iy do thoi gian chuyén dong 16n. Ngoai ra, co
thé nghién ctru cai thién hinh dang méy bay dé
cai thién tinh 6n dinh. <

Ngay nhan bai: 27/5/2023
Ngay phan bién: 08/6/2023
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KIEM NGHIEM HINH DANG CAC PUONG IN 3D KIM LOAI
NG VOl CAC PHUWONG AN DI CHUYEN NGUON HAN
KHAC NHAU

TESTING THE SHAPES OF 3D METAL PRINTING PATHS CORRESPONDING TO
DIFFERENT WELDING SOURCE MOVEMENTS

Tran Minh Thé Uyén, Huynh D Song Toan, Nguyén Vin Thirc, Bai Chan Thanh, Nguyén H9,
Nguyén Tién Diing, Chau T4n Phuéc, Lé Anh Vi, Thai Huy Hoang, Nguyén Khic Nhan
Trudng Dai hoc Su pham K§ thuat Thanh phé Ho Chi Minh

TOM TAT

Nghién civu nay tién hanh nghién ciru vé phwong phép han dap 16p kim loai (WAAM) va
danh huéng cia cac phieong dn han ddp 1én té chike té vi va dé bén kéo ciia san pham. Chiing tdi
liea chon 4 phirong dn han ddp khéc nhau va thuce hién thi nghiém bang cdach két hop han MAG va
mdy CNC. Phwong én xodn éc cho ra san pham c6 do bén kéo cao nhdt va dg gian dai thdp nhat,
phil hop cho céc chi tiét yéu cau dg bén va chong bién dang cao. Phwong dn zig zag xéo cé do bén
kéo cao nhat thir hai va dé gian dai cao thir hai, thich hop cho chi tiét dang tam. Phirong dn zig zag
cong co do bén kéo cao thir ba va dé gian dai lon nhat, phu hop cho chi tiét dang tam cé bién dang
cong. Phirong dn zig zag ngang cé do bén kéo va dé gian dai thap nhat, thuong dwoc dimg cho cdc
chi tiét don gidan khéng yéu cau dé bén va chong bién dang cao.

Tir khéa: In 3D kim logi; PJ bén kéo; Dang dwong in 3D; Kich thuéc dweong han.
ABSTRACT

This study investigates the Wire Arc Additive Manufacturing (WAAM) method and its
impact on the microstructure and tensile strength of the products. We selected four different welding
approaches and conducted experiments by combining MAG welding with CNC machining. The
helical pattern yielded the highest tensile strength and the lowest elongation, making it suitable for
parts requiring high strength and deformation resistance. The diagonal zigzag pattern exhibited
the second-highest tensile strength and elongation, suitable for plate-like components. The curved
zigzag pattern showed the third-highest tensile strength and the highest elongation, suitable
for curved plate components. The horizontal zigzag pattern had the lowest tensile strength and
elongation and is commonly used for simple components with minimal strength and deformation
requirements.

Keywords: 3D metal printing; Tensile strength, Toolpath; Welding size.
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1. GIOI THIEU

Ngay nay, phuong phap han, dac biét 1a
han MAG, d tré nén rat pho bién trong nganh
cong nghiép ché tao. Hain MAG khéng chi
dugc str dung trong cac ing dung thong thuong
ma con gitp khac phuc va sira chita cac chi tiét
bi mai mon, gy, vd hoac nut. Hon nira, phuong
phap nay con gitip cai thién tinh chat co 1y cua
chi tiét, kéo dai tudi tho san pham.

Tan dyng nhing uwu diém coa han
MAG, gan day, nha nghién ctru dd phat trién
mdt phuong phéap gia cong méi co tén 1a Dap
Lép HO6 Quang (WAAM), gitp giam dang ké
thoi gian va luong vat liéu so véi phuong phéap
gia cong truyén thdng. Phuong phap nay cho
phép tao ra cac chi tiét co hinh dang twong tu
nhu chi tiét gia cong truyén théng bang cach
dap timg 16p kim loai chong 1én nhau dé tao
hinh dang mong muén.

Tuy nhién, dé co dugc san phém nhu
y mudn, viéc dam bao tinh bén va do bén kéo
clia cac chi tiét dap 16p 1a rat quan trong va
can dugc can nhic k§. Trong dé tai nay, ching
t6i tién hanh thi nghiém va tap trung vao viéc
nghién ctru t6 chirc té vi va do bén kéo cua cac
chi tiét dép 16p. Hién tai, tai Viét Nam van con
it nghién ctru vé& van dé nay.

Dé d4nh gia tac dong ciia cac phuong an
han dép 1én t6 chirc té vi va do bén kéo cua chi
tiét dap, chung t6i da Iya chon 4 phuong an c6
anh huong dén do bén kéo va to chirc té vi ciia
san pham ddp 16p. Sau khi xac dinh cac thong
s6 can thiét va ké hoach thi nghiém, ching t61
tién hanh dip 16p mau bang cach két hop han
MAG va may CNC. Cac mau sau khi dap 16p s&
dugc kiém tra t6 chirc té vi thong qua kinh hién
vi va danh gia do bén kéo bang phuong phap
thi nghiém pha huy ¢ nhiét 4o phong. Phuong

phap nay da dugc 4p dung rdng rai trong cac
nganh san xuat kim loai, co khi, duc luyén kim
va kiém dinh vat lidu. Tir d6, chung toi thu thap
dugc dir lidu can thiét dé phan tich chat luong
ctia mau va hiéu qua cta cic phuong an han
dap.

2. PHUONG AN THU'C NGHIEM

Muc dich cta viée kiém tra hinh dang
duong han 1a dé du doan dugc cac thong s toi
vu khi ddp nhu khoang cach giita chup han va
bé mit can dip, khoang cach gitta cac dudng
han nham giam thiéu hién tuong bi dép thiéu,
16 khi hay bi dinh chup han vao mau trong qua
trinh han dap.

Ta str dung théng nhat cac thong sé cho
tat ca cac phuong an khi han: Hiéu dién thé khi
han 22 V, cuong d6 dong dién 120 A, luu lugng
khi 10 I/phat, toc d6 han 400 mm/phit.

Truong hop 1 — Han theo duong zig
zag ngang: cac duong han c6 khoang cach déu
bang 4mm nén do cao ma cac dudong han dip
1én nhau nam trong khoang 3mm dén 4mm. Ta
chon khoang céch gitra chup han va 16p han la
6mm.

Truong hop 2 — Han theo duong zig
zag x€o: cac duong han ¢ hai bén c6 khoang
cach nho hon 4mm nén d cao ma cac dudng
han dip 1én nhau ndm trong khoang 4mm dén
Smm. Ta chon khoang cach gitra chup han va
16p han 12 7mm.

Trudong hop 3 — Han theo duong xodn
bc: cac duong han ¢ hai bén c6 khoang cach
1a 3,5mm nén do cao ma cac dudng han dip
1én nhau nam trong khoang 4mm dén Smm. Ta
chon khoang céch gitra chup han va 16p han la
7mm.
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Truong hop 4 — Han theo duong zig

zag cong: cac duong han & hai bén c6 khoang !
cach nho hon 4mm nén dJ cao ma cac duong & E
han dap Ién nhau nam trong khoang Smm dén o £ 1
6mm. Ta chon khoang cach gitta chyp han va i i
a1 201 | a3p
16p han [a 8mm. | 100 -
0
| 1 :
l i
! Hinh 2. Mdu thik kéo
M1 ] T e
. _ I |
i
% B
Hinh 1. Puong han trong cdc trwong hop ciia mdu
va hinh anh thie nghiém theo chiéu tir trén xuong
'
. ! -
Dua theo tiéu chuan ASTM E8/E8M
— 13, ta chon va thiét ké mau thir kéo c6 kich
thudc nhu hinh sau: Hinh 3. Théng s6 mau han
Bdng 1. Cdc trwong hop mau thiv
Dién thé han \% Co, .
STT U (V) LA mm/phit) (Uphit) Phuong an
1 22 120 60 10 Zig zag ngang
2 Zig zag chéo
3 Xoan b¢
4 Zig zag cong
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Céac mau v6i thong s6 duong han song song véi chidu dai mau thir. Ta gia cong cit mau han
theo timg khoi, moi khoi ta s€ gia cong thanh 1 mau nhé dé quan sat t€ vi va 3 mau nho vaéi kich
thudc 100x10x3mm dé tién hanh thir kéo. Ta tién hanh han dap thanh cac mau nhu hinh 3.

3. KET QUA VA PHAN TiCH PQ BEN

Bdng 2. Két qua kiém tra trung binh ciia cdc phwong dn

’ i D(T)Nbién dang | D9 gian c,léli
Phurong 4n Miu Tiét dién Luc kéo dat | Do bén kéo rr}éu s’au khi tuo‘ng. dc”)’i

(mm?) (KN) (N/mm?) kéodut A | saukhikéo

(mm) dute (%)
1A 25.01 13.91 556.14 12.33 49.32
Zig zag ngang 1B 24.6 14.12 574.15 12.46 49.85
1C 14.75 8.31 563.59 6.97 27.88
2A 22.20 11.35 511.40 4.99 19.96
Zig zag x€o 2B 22.94 13.59 592.20 13.37 53.51
2C 18.00 10.19 565.94 10.02 40.08
3A 22.04 13.48 611.48 12.11 48.43
Xoan b¢ 3B 12.39 7.87 635.03 5.551 23.56
3C 22.94 14.26 621.45 11.49 45.94
4A 21.60 12.31 569.77 9.05 36.18
Zig zag cong 4B 26.55 15.40 577.74 14.163 58.68
4C 20.06 11.75 585.79 7.44 29.77

Biéu db (rng sudt cla phuwong én 2

Bidu dd Umg sudt cla phuong dn 1

Biéu do6 (rng suat cUa phuong an 3
Bieu do ung suat cua phuong an 4

Hinh 4. Biéu do ung suat cua cac phwong an khdc nhau
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Xét tai dd bén kéo, ta théy duogc so
v6i ddy han ban dau GM-70S véi do bén kéo
theo AWS 1a 72000 psi = 496,42N/mm? thi céc
phuong an déu cho mau c¢6 do bén cao hon diy
han. Xét vé do gidn dai sau khi dat, cac miu
han hau hét déu c6 d6 gidn dai cao hon han so
v6i day han ban dau. Nguyén nhan khi ta tién
hanh han dip, ddy han thong qua chuyén dich
tia tap trung lai thanh cac thé han, cac thd han
nay thuong c6 do bén va do gidn dai cao hon
so voi day han do trai qua qua trinh ndng chay
lam thay d6i t6 chirc té vi va thanh phan héa
hoc cuia no.

Khi ta tién hanh gia cong hoan thién sau
qué trinh han dép, ta thuong tién hanh gia cong
cit got dé loai bo luong du tai vi tri A va vi tri
C nham dam bao d6 nham bé mat cho san phém
nén san pham thuong ¢ co tinh phy thudc 16n
vao vi tri B.

Xét tai vi tri B — vi tri cho ra mau c6
co tinh 6n dinh nhat, ta thiy dugc phuong an
3 cho miu c6 do bén kéo cao nhat, phuong an
2 cho mau ¢6 d6 bén kéo cao thir hai, tiép dén
1a phuong an 4 va cudi cung 1a phuong an 1.
Céc thd han c6 chiéu doc theo mau thudng cé
d6 bén kéo cao hon, khi cic 16p han dip lén
nhau s& hinh thanh bién gii han c6 do bén kéo
thip hon. Xét theo phuong luc kéo tic dong
doc mAu han, cang nhiéu bién giéi han, d6 bén
kéo cang giam.

4. KET LUAN

Khi ta tién hanh gia cong hoan thién sau
qué trinh han dép, ta thuong tién hanh gia cong
cat got dé loai bo luwong du tai vi tri A va vi tri
C nham dam bao d6 nham bé mit cho san phém
nén san pham thuong ¢ co tinh phy thudc 16n
vao vi tri B. Do d6, d¢ dam bao do bén san
phém duoc 6n dinh, can tinh thém luong du
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& 16p trén cung va 10p dudi day trude khi tién
hanh han dap san pham.

Phuong 4n xoan 6¢ cho ra miu co do
bén kéo cao nhat nhung do gidn dai thip nhat.
Day la phuong an dap 16p hiéu qua voi nhiéu
loai bién dang va cho san pham c6 chat luong
bén nhat. Phuong 4n nay phu hop trong viéc
ché tao cac chi tiét ¢ yéu cau do bén va chong
bién dang cao nhu banh ring, gia d& co bién
dang phuc tap...

Phuong 4n zig zag xéo du cho ra mau co
d6 bén kéo cao nhét so véi cac phuong an zig
zag nhung do gian dai lai cao thir hai trong tat
ca cac phuong an. San pham tao boi phuong an
nay tuy d6 bén cao nhung kha ning chbng bién
dang kha thap phu hop ché tao chi tiét dang tAm
nhu gia chit L, vo thiét bi. ..

Phuong 4n zig zag cong tuy cho ra mau
¢6 d6 bén kéo cao thir ba nhung do gidn dai 16n
nhat trong cac phuong an. San pham tao ra boi
phuong 4n nay tuy d6 bén khong cao nhung
d6 gian dai 16n phu hop trong viéc ché tao cac
chi tiét dang tAm c6 bién dang cong nhu gia d&
cong, dng try. ..

Phuong 4n zig zag ngang d6 bén kéo va
d6 gian dai thip nhét trong tat ca cic phuong an
zig zag khac. Phuong an zig zag ngang thuong
sir dung nhiéu trong han dap thong thuong khi
khong yéu cau do bén va do chong bién dang
cao do tinh don gian trong phuong phap khi
tién hanh. San pham tao boi phuong an nay
thuong dugc dung dé ché tao chi tiét nhu vo
thiét bi, thung chua.

(*) Kinh phi nghién ctru: Bai bao nay la
san phém cua nhiém vu NCKH va CN “Nghién
ctru cong nghé va ché tao thiét bi gia cong kénh
gidi nhi¢t 3D cho khuon phun ép nhya”.



NGHIEN CUU - TRAO DOI

Ngay nhan bai: 10/7/2023
Ngay phan bién: 01/8/2023

Tai liéu tham khao:

[].

[2].

Amit  Bandyopadhyay,  YanningZhang,
SusmitaBose; “Recent developments in metal
additive manufacturing”. Current Opinion in
Chemical Engineering, Volume 28, June 2020,
Pages 96-104.

Thomas  Hassel, Torben  Carstensen;
“Properties and anisotropy behaviour of a
nickel base alloy material produced by robot-
based wire and arc additive manufacturing”.
Welding in the World, 24 July 2020.

[3].

[4].

[5].

[6].

[7].

Hoang Duc Luogng; “Gido trinh mé dun Han
MIG, MAG co bdan va nang cao”. Trudong
Trung cap nghé Lao Cai, 2017.

Nguyén Cong Chinh; “Nghién citu anh hwong
théng s6 han ddp dén dg bén kéo 16p dip”.
Truong Pai hoc Su pham K§ thuat Thanh phé
H6 Chi Minh, 2019.

Nguyén Van Thanh; “Gido trinh cong nghé
han MIG”. NXB. Lao dong va Xa hoi, 2006.
Standard Test Methods for Tension Testing of
Metallic Materials - An American National
Standard, ES/EEM — 13a, September 2013.
Tiéu chuan Viét Nam vé vat liéu kim loai — thir
kéo, TCVN 197-1, (2014).

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

NGHIEN C(rU XAC DINH VI TRi PAT PONG CO SO VOl CANH
CHINH CUA UAV DANG TAU LUON

RESEARCH ON DETERMINATION THE LOCATION OF THE ENGINE WITH MAIN
WING OF UAV GLIDER

Pinh Tin Hung
Truong Co khi, Dai hoc Bach khoa Ha Noi

TOM TAT

Bai bao nghién cvuu xdc dinh vi tri dat dong co so voi canh chinh cua UAV dang tau lwon
sir dung phan mém mé phong ANSYS. Tau leon ¢é bon dong co hoat dong & ché dd bay hanh trinh
& vén toc 10m/s va géc tan 3 . Két qua nghién ciru cho thay, & vi tri 0,7m trude mép canh chinh
ciia cdc dong co cho chdt heong khi dong tot nhdt. Pé cao ciia dong co so véi canh chinh khéng anh
hiwong nhiéu dén chat leong khi déng.

Tw khoa: Tau lwon khong nguoi ldai; Pong co; ANSYS.
ABSTRACT

The article research to determine the position of the engine relative to the main wing of a
UAV glider using ANSYS software. The glider has four engines operating in cruise mode at a speed
of 10m/s and an angle of attack of 3 degrees. Research results show that at the location of engines
0.7m in front of the leading edge of main wing, the best aerodynamic qualitiy is carried out. The
height of the engine above the main wing does not affect the aerodynamic quality.

Keywords: UAV Glider; Engine; ANSYS.

1. GIOI THIEU Véi myc tiéu mang tai cé ich 1,5kg ¢
tran bay 300m ng dung trong khao sat, giam sat
Theo thoi gian, lan luot cac thiét ké tréng ring, phuc vu ctru hg, ctru nan, tau lugn
may bay UAV dang tau luon ra doi va qua moi ty s6 dang 16n, sai canh 10m va khdi luong cét
thiét ké, c6 nhimng cai thién vé trdn bay, thm  canh 35kg dugc nghién ctru thiét ké, ché tao [2].
bay va thoi gian bay. Can phai nhan manh rang, . .
nhiing cai tién trong thiét ké s& khong dimg lai 2. MO HINH UAV DANG TAU LUQN
0 d6 ma s€ luon duge nghién curu, tich hop cac
cong nghé méi vao ché tao nham tao ra cac thé
hé UAV dang tau lugn thong minh hon phuc vu
cho cac muc dich khac nhau nhu trinh dién, do
tham trong quan sy, hay tram thu, phat, trung
chuyén thong tin nhu mét vé tinh,... [1]. Hinh 1. Hinh dang canh may bay
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Bién dang WE3.55-9.3 duoc lya chon
cho canh chinh do n6 da chirng minh dugc hi¢u
qua hoat dong ddi v6i may bay Sky Sailor va
mot s6 mau UAV dang tau luon trude do. Véi
d6 day khong qua nho dé dam bao cung cap du
luc nang trong trudng hop van tdc bay tuong
dbi nho (10-15m/s) va ciing khong qua day dé
gy thém lyc can d6i véi may bay. Bén canh
do, do V6ng bé mat trén bién dang canh phu
hop dé gan céc cell pin mat troi 1én trén bé mit
canh. Cac thong s6 chinh ctia WE3.55-9.3 1a do
day 16n nhat 9,3% day cung ¢ vi tri 31% day
cung va d6 vong 16n nhat 4% day cung & vi tri
34,7%. Canh chinh ctia may bay dugc thiét ké
nhu trong Hinh 1.

May bay gom bén dong co T-motor sir
dung canh quat T-motor duong kinh 28 inch
(Hinh 2a). Luc ddy ctia dong co dugc dua ra boi
nha san xuét. Tuy nhién, do chua x4c dinh dugc
vi tri ctia cac dong co nén budc dau ta kiém
chung phu’(mg phéap nghlen ciru mo6 phdng su
dung phan meém ANSYS bang cach so sanh véi
thong sb do nha san xuét cung cap [2]. Mién
tinh toan duoc chia thanh 2,5 triéu phﬁn tr ludi
(Hinh 2b). Két qua luc ddy mo phong co sy
chénh 1éch véi nha san xuét 1a 3% (Hinh 3).

a. Canh quat T-motor 28*92

b. Chia lum
Hinh 2. Canh quat T-motor 28*92

- Mé phing
100 +-Nha sén xudt ol

Ly diy (M)
ey (-
(=] =2
»

[
o

0
2000 2500 3000 3500 4000
Téc d5 vong quay (RPM)

Hinh 3. Két qua lyc ddy dong co theo toc do
vong quay

3. VI TRi CUA PONG CO

3.1. Vi tri ciia dong co so véi mép canh chinh

R ————

a. Vi tri can xdc dinh

b. Mién tinh todn

c. Chia luci
Hinh 4. Vi tri cua dong co so voi mép canh chinh
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a. Mat trén

b. Mat dudi

c. Puong dong
Hinh 5. Phdn b6 dp sudt va dieong dong

Xéc dinh vi tri cua dong co so vdi mép
canh chinh la xac dinh gia tri cia h, va h, (Hinh
4a). X4ac 1ap mién tinh toan nhu Hinh 4b va chia
ludi voi tong s6 gan 2,5 tridu phan tir (Hinh 4c)
v6i cung phuong phap méd phong trong phin
kiém chimg thong sé canh quay so voi nha san
xuat (Hinh 3).

Xét ché d6 bay hanh trinh tai goc tén 1a
3 d9, van toc 10m/s, thay ddi cac truong hop
khoang cach h (khoang céach tir canh quat toi
mép canh cb dinh). Xét 2h,=h, +h, véikhoang
cach h, h) twong g véi hai quat ¢ trong mo
hinh (Hinh 4a).
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Bai todan mo6 phong da dua ra duoc
truong ap suét trén mat trén (Hinh 5a) va dudi
(Hinh 5b) cdnh may bay. Su chénh léch 4p suat
gitta trén lung canh va dudi bung canh gidi
thich cho co ché tao ra lyc ning. Ap suét 16n
tap trung tai phén dau mép canh may bay, 1a vi
tri ham cta canh may bay. Tai vi tri ndy, van tde
cling nho nhét (Hinh 5c¢).

Vay nén, trong qué trinh ché tao can gia
¢ thém hay 1am nhan bé mat tai khu vuc nay.
Ngoai ra, c6 thé thiy dong khi sau canh quat bi
ri trude khi di vao canh chinh lam anh hudng
té1 dac tinh khi dong cua canh.

Chét lugng khi déng
-

154
-30 -20 -10 0 10 20 30 40 50
Bién d§ thay déih (%)
Hinh 6. Chdt lwong khi dong theo bién d¢ thay doi
h,h,

Nhin trén Hinh 6, v6i h, = 0,7m, cac gia
tri bién do h, lan luo*t bat dau tu h, giam 30%,
h, tang 30%, ta thdy rang & vi tri h =h,=0,7m,
chat lwong khi dong cho két qua tot nhat

3.2. Vi tri ciia dong co trén canh chinh

Tiép ndi két qua bai toan trén, ta tiép
tuc xay dyng mé hinh canh chinh két hop hai
dong co. Ta thay d6i cac vi tri ciia khoang cach
L dé dénh gia vé mit khi dong va két ciu (Hinh
7). Bé xem & khoang vi tri gin quat nao thi
cho t6i uu vé mat khi dong ciing nhu két cau,

qua do dua ra khuyén cdo vé viéc thiét ké canh &
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quat cho may bay UAV ti s6 dang 16n. Tuong
tu cach xay dung mo hinh khi dong ¢ bai toan
trén, ta gilr ng}lyén vitrith =h, = O,7rp VZ:l L =
1,2m (dugc co6 dinh vi lién quan tdi két cau khi
thiét ké may bay).

Ché lwong khiddng
»
-

Khoang cach L2 (m)

Hinh 8. Chadt lwong khi dong theo khodng cdch L,

Nhan thdy khong c6 sy thay doi nhiéu
vé mit khi dong khi thay doi vi tri L, (Hinh 8).
Ludng khi di qua hai canh quat tac dong vao
canh chinh khong c6 su thay doi 1o rét.

Ta thdy mic du luc nang khong cé su
thay d6i dang ké, nhung vi tri L (tc viéc dat
dong co xa hay gan gdc canh lai anh huong truc
tiép dén két cau). Bai toan dit ra lac ndy can
phai xét thém vé mit két ciu dé tiép tuc danh
gia xem vi tri L, nén nam ¢ khoang nao.

4. KET LUAN

Vi tri dat dong co lam anh hudéng dén
dic tinh dong khi di qua canh chinh dan dén
1am thay d6i chét lugng khi dong cta canh. Véi
su hd tro cia phan mém ANSY'S, vi tri cac dong
co trén may bay khong ngudi 14i ty s6 dang 16n
dugc xac dinh cach mép vao canh chinh 0,7m.
Vi tri dong co gan than duge ¢d dinh 1a 1,2m so
v6i mit phang d6i xtimg may bay. Tuy nhién, vi
tri dong co tht hai so v6i mat phang dbi xing
nay khong anh huéng nhiéu dén chat lugng khi
dong. Pé ’chon vi tri L can phai xét dén bai
toan ket cau.
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NGHIEN ClrU MO PHONG SO TIENG ON KHi PONG CUA XE LUA
SIMULATION RESEARCH ON AERODYNAMIC NOISE OF TRAINS

Hoang Thi Kim Dung, Lé Thi Thai
Truong Co khi, Pai hoc Bach khoa Ha Néi

TOM TAT

Tiéng on khi déng la tiéng on nhdn tao c¢é nguon goc khi dong. Bai bdo nghién ciru mé
phong sé tiéng on khi déng ciia xe liva 6 toc do thap sir dung phan mém ANSYS. Két qud cho thdy ¢
toc dp chuyén dong 30m/s, tiéng on khi dong khi xe lira chuyén dong gdy ra nam trong khodng 52-
107dB. Pay la mirc cwong d am kha I6n néu tiép xiic thuong xuyén thi gdy dnh hiong khéng tot
dén sirc khoe con nguoi. Viéc nam bdt dwoc mire dp dm cua tiéng on khi dong ¢ thé dwa ra nhing
goi ¥ cho viéc thay doi thiét ké hinh dang ciia xe lira nham han ché tiéng on khi déng.

Tir khéa: Tiéng on khi dong; Xe liva; ANSYS; CFD; FFT.
ABSTRACT

Aerodynamic noise is artificial noise of aerodynamic origin. This paper studies the numerical
simulation of aerodynamic noise of trains at low speed using ANSYS software. The results show that
at a moving speed of 30m/s, the aerodynamic noise caused by the train moving is in the range of
52-107dB. This is a quite large sound intensity level that, if exposed regularly, will have a negative
impact on human health. Understanding the sound pressure level of aerodynamic noise can provide
suggestions for changing the shape design of trains to limit aerodynamic noise.

Keywords: Aerodynamic noise; Train; ANSYS, CFD,; FFT.

1. PAT VAN DPE ra tiéng 6n khi dong hoc. Vi vdy, nghién ciru
chu yéu tap trung vao nghién ctru 1y thuyét va
xac dinh nguyén nhan gay ra loai &m thanh nay

1a truong ap suat bién doi xung quanh vat theé.

Linh vyc tiéng on 1a linh vyc luén dugce
quan tdm do su anh hudng cua n6 dén doi

song con ngudi va xi hoi. Tiéng on duoc chia
ra nhiéu loai va nhiéu ngudn gbc khac nhau,
nhu tiéng 6n do ty nhién va tiéng 6n do nhan
tao. Muc dich cua nghién ctru nay 1a tiéng on
nhan tao c6 ngudn gdc khi dong [1-6]. Linh vuc
tiéng on khi dong 1a linh vuc nghién ctru phirc
tap, dac biét khi nghién ctru vé nguyén nhan tao
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Tiép theo xay dung phuwong phap mé phong
xéac dinh trudng ap suat bién doi quanh vat thé
sit dung phan mém ANSYS, sau dé sir dung
phuong phap bién doi Fourier nhanh FFT dé
bién ddi vé mirc 4p am. Vat thé dugc lwa chon
nghién ctru 1a mo hinh xe ltra.
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2. TIENG ON KHi PONG
2.1. Tiéng on

Tiéng On 1a nhitng 4m thanh kho chiu
anh huong téi qua trinh 1am vi¢c va nghi ngoi.
Tiéng on vat 1y 1a nhitng dao dong song am lan
truyén trong moi trudng dan hdi. Dao dong cua
tiéng On phu thudc vao ap suat 4m va cudng do
am, don vi tinh 1a dB [1-2].

Tiéng 6n tac dong dén tai, sau do tac
dong dén hé than kinh trung uong, roi dén hé
tim mach, da day va céc co quan khac, sau do
moi dén co quan thinh gic. Tac dong cuia tiéng
on phu thudc vao tan s6 va cuong do am, tan sb
lap lai cua tiéng 6n.

Tiéng on do ngudn gdc ty nhién khong
c6 tinh chu ky ma xay ra mot cach ngau nhién.
Trong khi tiéng 6n do ngudn gdc nhan tao 1a
nguyen nhan chu yéu giy ra hlen tuong 6 nhlem
tiéng 6n. Tiéng 6n c6 ngudn gdc nhan tao gdom:

- Tiéng 6n co khi: tiéng 6n phat sinh do
rung ¢ may, thiét bi hodc do va dap cac chi tict;

- Tiéng 6n khi dong: tiéng 6n phat sinh
trong cac qud trinh chuyén dong cua cac chat
khi hodc cta vat chuyén dong;

- Tiéng dn dién tir: tiéng O6n phat sinh do
dao dong cua cac chi tiét trong thiét bi co dién
chiu anh hudng cua lyc dién tur bién doi;

- Tiéng On thity dong: tiéng 6n phat sinh
trong cac qua trinh chuyén dong cua chat léng.

Tiép xuc voi tiéng dn co cudng do 1on
trong thoi gian dai co thé gay ra diéc & nguoi,
sau ddy 1a bang thong ké mirc cuong d6 4m ma
con nguodi cd thé chiu dung duoc trong mot

khoang thoi gian nhét dinh trude khi gy ton
thuong dén tai ngudi.

Bdng 1. Thong ké mirc cwong do am ma tai nguoi
chiu duoc [3]

Murc cuwong Ap suit Am Thoi gian

do am (dB) (Pa) chiu duogec (s)
115 11,2 30
112 7,96 60
109 5,64 <120
106 3,99 <240
103 2,83 450
100 2,00 900
97 1,42 1800
94 1,00 3600
91 0,71 7200
88 0,50 14200
82 0,36 32400
75 0,25 57600

2.2. Tiéng on khi dong

Tiéng 6n c6 ngudn gdc khi dong 1a tiéng
on dugce tao ra boi su chuyén dong khong on
dinh cta mét chat khi va tuong tac cuia nd voi
céc bé mat xung quanh. Thudng 1y thuyét tuong
ty am thanh Lighthill hay phan tich Ffowcs
Williams & Hawkings [1] duoc st dung dé tinh
toan tiéng 6n khi dong. C6 ba nguyén nhan gay
ra tiéng On khi dong, nhung dong gop cua cac
thanh phan 1 khac nhau. Bang 2 thong ké mirc
d6 cua ting thanh phan (bé mit cimg khong
bi anh hudng boi rung dong) & van téc co su
truyén song tot nhat <0,4M.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Bdng 2. Nguyén nhan tiéng on khi dong [1]

A A Cuong dd | Ap sudt am
Nguyén nhan (%) (%)
Do céu trac rdi <14 <30
Dao d(ing ap suat 86 =70
bé mat
Rung dong bé mat 0 0

2.3. Nghién ctru mé phéng tiéng on khi dong

Xét mo hinh xe ltra chuyén dong ¢ van
tbc 30m/s (xdp xi 0,IM) c6 hinh dang nhu
Hinh la. Str dung phan mém ANSY'S chia luéi
luc giac mién tinh todn véi y+ xap xi 30 danh
cho 16p bién rdi, ta c6 734573 phan tir ludi
(Hinh 1b).

a. Mo hinh

b. Chia luoi
Hinh 1. M6 hinh xe lia

Pau tién, tinh toan CFD trong ANSYS
duoc str dung dé tinh toan dong chay qua xe lira
v61 bude thot gian 5x10-4s. Sau do, sir dung
FFT d mo phong am thanh theo phuong phap
Ffowcs-William and Hawkings v&i ngudn 13 ap
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sut hinh thanh tir két qua CFD véi diém khao
sat am thanh & céc vi tri ¢ &p suat 1on hay co
X04y va vi tri nguoi quan sat.

3.KET QUA

3.1. Két qua khi dong

— 1%

a. Ap suat trén xe lia

- S

' -

c. Van toc trén mat cat doc ciia xe lira

d. Puong dong trén mdt cdt doc ciia xe lita
Hinh 2. Két qua khi dong xung quanh va trén xe lira

&
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Duya vio phan bé 4p suét trén toan b bé
mit xe ltra (Hinh 2a), ta thdy 4p suat 16n nhat
tai bé mdt du cla xe lira sau d6 bién doi dot
ngdt & cac diém nhu mii xe, diém khong lién
tuc hay hai bén thanh. Su bién d6i dot ngot nay
chinh 14 nguyén nhan chinh tao nén chat luong
khi dong khong t6t trén vat thé. Dé quan sat
cu thé hoa, ta xét phan bd ap suét, van toc va
duong dong tai mat cit doc chinh giita cua xe
Itra & Hinh 2b, 2¢ va 2d.

Phan b ap sut trén Hinh 2b cho thay
rd hon vung c6 4p suat cao ¢ dau mii xe lira,
day cling chinh 1a céc vi tri c6 van toc thap nhat

(Hinh 2c¢). Nhu vay, ap suét va van tdc c6 dién
tién nguoc nhau. Puong dong ¢ Hinh 2d cho
thdy xody sinh ra trén bé mit xe lira khi c6 dong
khi chay qua. Cac diém sinh ra xody la nguyén
nhan gy ra 4m thanh trén bé mat va viéc khao
sat am thanh dugc tién hanh tai cac diém xuit
hién xody nay.

3.2. Khio sat Am thanh

Khéo sat Am thanh tai cac diém nhu dau
xe, dinh xe, gﬁm xe, duoi xe, cac vi tri cd xody
va vi tri ngudi quan sat nhu thong ké trong
Bang 3.

Badng 3. Khdo sat am thanh

Toa dd (m)
Piém SPL (dB)
X y z
Pau xe 1 (Vi tri nho ra xa nhit ) 0 -10,2 2,82 57-102
Dau xe 2 (Vi tri hdm & dau xe ) 0 9,95 1,95 52-102
Dinh xe 0 9,5 5 62— 102
Gam xe 0 9,77 0,1 67— 103
Dudi xe 1 (Xoay trén) 0 11 4 60— 112
Pudi xe 2 (Xoay dudi) 0 11,8 1,1 63 —98
DPubi xe 3 (Phia xa ) 0 13,7 2,1 64 —96
Vi tri ngudi quan sat 3 -9,5 1,7 63 -107
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B W m @ a8 @8 W s om0
Froquercy (Hz)

a. Bau xe 1 b. Dau xe 2

LI I I L [T T TR T T ]
Froqueney (HI}

c. Dinh xe

- L] L) o] wa i o L Pk L8 L] L - L] L] e W L . wE “a B L] L
Frequency iHz} Fresurcy (ML)
e. Pudixe 1 - Puoi xe 2

¢ m om m m @ @ @ m m
Fracuncy (Hr)

g. Pudi xe 3 h. Vi tri ngwoi quan sat
Hinh 3. Murc ap dm tai vi tri khao sat

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023 101
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Mtc 4p am (Sound Pressure Level —
SPL) tai céc vi tri khao sat duogc thé hién trong
Hinh 3. Qua két qua khao sat mo hinh dau may
xe Itra, ta thdy 4m thanh khi xe chuyén dong
gdy ra nam trong khoang 52-107dB. Pay la
mirc cuong do 4m kha 16n, néu tiép xuc thuong
xuyén thi gdy anh hudng khong tot dén st
khée con nguoi [1]. Tuy nhién, do xe Itra di qua
cac khu vuc nha dan trong thoi gian khoang 5
phat nén mirc ap 4m ndy van co thé chap nhan
duoc.

Mic du vy, tiéng 6n cta xe ltra do khi
dong gay ra cling chi chiém mot phan nhd so
v6i tiéng On do ma sat khi chuyen dong cua
xe lira. Ngdy nay, cac nudc tién tién trén thé
giéi da thay thé xe lira bang cac loai tau cao
tdc hodc tau dién ngam co téc do cao va dugc
xay cach biét v6i khu dan cu, nhu thé méi dat
dugc nhitng hiéu qua tot nhat ca vé thoi gian,
khong glan va dam bao khong gay 6 nhiém moi
truong ve tleng on.

4. KET LUAN

Xe Itra chuyén dong voi tdc d6 30m/s
(0,1M) gay ra khoang tiéng 6n khi dong trong
khoang 52-107dB. Pay la tiéng on kha 16n,
néu nghe 1au va thudng xuyén sé c6 anh hudng

khong t6t dén stic khoe con ngudi. Thém vao
do, tiéng 6n khi dong chi 1a mot phan nho cua
tiéng 6n tong do xe ltra chuyén dong sinh ra. Vi
vay, viéc nghién ciru cai thién tiéng on khi dong
qua viéc cai thién hinh dang cua xe Itra 1a viéc
can thiét va can duoc thuc hién. <
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KHAO SAT CAU TRUC TE VI CUA MAU IN 3D KIM LOAI
THE MICROSTRUCTURE OF THE 3D METAL PRINTING SAMPLES

Tran Minh Thé Uyén, Huynh D Song Toan, Nguyén Vin Thirc, Bui Chan Thanh, Nguyén H9,
Nguyén Tién Diing, L& Minh Hiu, Chau Diing Khoa, Hira Thién Long, Nguyén Khiic Nhan
Truong Pai hoc Su pham K§ thuat Thanh pho H6 Chi Minh

TOM TAT

Két qua thir kéo cho thay truong hop 1 (U = 22V, I = 1704, f = 300 mm/phiit) va truong hop
8 (U =24V, I= 1704, f = 350 mm/phut) dat dwoc dé déo va dj bén kéo cao nhdt. Ca hai trieong hop
nay cé diém chung la kich thiede hat tdp trung chii yéu & cap 10 va 11, cho thdy théng sé han t6i wu
trong hai truong hop nay. Tt 6c do han tang diéu chinh d¢ déo, véi dé déo cao lam cdc hat bi nén lai
va kich thuoc hat giam, cai thién do bén ciia chi tiét. Khi téc dd han dat dén t6i han, dé déo giam
va kich thude hat tang, lam giam d bén ciia chi tiét. Thi nghiém ciing chi ra rang véi dong han cao
(I = 170A), xudt hién hién twong chuyén dich phun véi dé ngdu moi han thap. Khi tang dién dp, toc
dé han t6i han thay doi trong khodang nhé. Trong khi véi dong han thap (I = 120A4), xudt hién hién
twong chuyén dich cau, lam tang ddang ké dé ngau moi han. Khi tang dién dap, toc do han ti han
thay doéi trong khodng 16m hon. Tém lai, viéc thay doi toc do han (f) c6 thé tang hodc giam dg bén
cia chi tiét in 3D kim logi, tity thudc vdo toc do han t6i han. Thay doi dién dp han (U) va ddng dién
han (1) anh huong gzan tiép dén dé bén cua chi tiét théng qua toc dé han téi han. San pham tao ra
tir phwong phdp nay van dap iing yéu cau so véi cdc vit liéu khdc nhw thép c6 ham lwong carbon
trung binh.

Tir khéa: Uon ong; Con lin; Mdy uon; Ma sdt lan.
ABSTRACT

This study investigates the Wire Arc Additive Manufacturing (WAAM) method and its
impact Based on the results of tensile testing, Table 4.2.4 presents the values of Young's modulus,
yield strength, and ultimate tensile strength. It can be observed that case 1 (U = 22V, I = 1704,
f = 300 mm/min) and case 8 (U = 24V, [ = 1704, f = 350 mm/min) yield the highest ductility
and tensile strength. Both cases share the common characteristic of predominantly concentrated
particle sizes at levels 10 and 11. This indicates that the welding parameters in these two cases
are more optimized compared to the other cases. The study also reveals that as the welding speed
increases, the ductility also increases. Higher ductility compresses the particles, leading to smaller
particle sizes and thus improving the component's strength. When reaching the critical welding
speed, the ductility decreases, resulting in an increase in particle size and a decrease in component
strength. Furthermore, the experiments show that with higher welding currents (I = 170A), there

will be a phenomenon of spray transfer with low weld bead penetration. Increasing the voltage &
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changes the critical welding speed within a small range. Conversely, with lower welding currents
(I = 1204), there will be a phenomenon of globular transfer, leading to a significant increase in
weld bead penetration. Increasing the voltage changes the critical welding speed within a larger
range. In conclusion, varying the welding speed (f) can increase or decrease the strength of the 3D
printed metal components, depending on the critical welding speed. Changes in welding voltage
(U) and current (1) indirectly affect the component's strength by altering the critical welding speed.
Moreover, the products produced by this method still meet the requirements compared to other

materials such as medium carbon steel.

Keywords: Bending pipe; Roller;, Bending machine; Rolling friction.

1. GIOI THIEU

Cong nghé in 3D, hay con goi 1a cong
nghé San xuat Gia cong thém (AM), da tré nén
phd bién vao cubi nhitng nim 1980 dya trén
cac cong nghé co san nhu CNC, in 2D va laser.
Trong nhitng niam 1990, nhiéu cong nghé da
duoc phat trién, cai tién va thuong mai hoa dua
trén nguyén ly co ban ctia cong nghé gia cong
dap 16p AM. Theo tiéu chudn ASTM (American
Society of Testing and Materials), c6 7 phuong
phap dap 16p nhu: Powder Bed Fusion (PBF),
Direct Energy Deposition (DED), Binder
Jetting, Material Jetting, Sheet Lamination,
Vat Photopolymer, Material Extrusion. Trong
do, cong nghé PBF va DED Ia hai cong ngh¢
thuong dugc st dung trong linh vuc in 3D kim
loai.

Cong nghé¢ Wire Arc Additive
Manufacturing (WAAM) duogc phét trién dua
trén nguyén ly co ban cia cong nghé¢ DED, sur
dung phuong phap gia cong dap 16p bang hd
quang. WAAM la sy két hop giita cong nghé
han hd quang véi viée st dung may CNC hoic
canh tay robot cong nghiép dé tao ra cac chi tiét
¢6 hinh dang gan gidng chi tiét mau.

So véi cac cong ngh¢ in 3D kim loai

khac, cong ngh¢ WAAM st dung cong nghé
han ho quang phd bién nén chi phi dau tu thiét
bi va vat liéu thép. Do st dung vat li¢u dang
day, WAAM c6 toc do dap 16p nhanh hon cac
cong ngh¢ st dung vat li¢u dang bdt hay dung
dich. Ngoai ra, kha nang két hop v6i cong nghé
tay robot giup gia ting dang ké kich thudc chi
tiet.

Vi dé tai nay st dung cong nghé WAAM
dé ché tao mo hinh in 3D kim loai véi cac thong
s6 khac nhau, qua trinh dap 16p lién quan dén
han giy ra Gng suat du va bién dang san pham
do nhiét do cao, anh hudng dén d6 bén cua san
pham. Vi vay, dé tai nay ciing nghién ctru va
danh gia d6 bén co hoc ciia cic san pham tuong
g vé6i timg thong sé cua cong nghé WAAM.

2. PHUONG AN THU'C NGHIEM

Cac mau thir nghiém phai c6 kich thuéc
tuong dbi day du hodc dugc gia cong bang may,
nhu duoc quy dinh trong théng s ki thuat cia
san pham dbi v6i vat liéu dugc thir nghiém.

Theo tiéu chuin ASTM ES8/E8M-13
trang 4 [9], ta ¢6 cac yéu cau kich thudc co ban
nhu sau:
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Bang 1. Mau thir kéo tiét dién hinh chit nhdt

Kich thudc (mm)

L . —
- — k | E —
-] —-E l— A -l- |'—
- ¥ -~ T [1
—_ ————— W — — ¢
I 1 ,'r\_,__..._.._L. L—|
/ -
G
G — Chiéu dai chuan do 200.0+0.2 50.0+0.1 25.0+0.1
W — Chiéu rong chuan do 40.0 +2.0 12.5+0.2 6.0+ 0.1
T — Chiéu day >5 <19 <6
R — Bén kinh bo goc 25 12,5 6
L — Tong chiéu dai 450 200 100
A — Chiéu dai tiét dién thu hep 225 57 32
B — Chiéu dai phan kep 75 50 30
C — Chiéu dai phan kep 50 20 10
Cac phan tiét dién thu hep Bang 2. Truong hop ldy thir mau
ctia mau thir ¢ chuan bi khong dugc
co gia cong ngudi, khia, vét me, Miy | Tocdohan | Diénaphan  Donghanl
ranh, go, bé mat hoac canh go gheé, (mm/phut) U (V) (A)
nur,lg n?ng P?ac bat }<y dleAu klﬁfl’l na}o ] 300 ” 170
khéc c6 thé anh hudng xau dén cac
tinh chat can do. Trong phan tiét dién 2 350 22 170
th,u hep cua vmau’ thir hAlnh chir nha‘t? 3 400 2 170
cac canh hoac goéc khong dugc mai
hodc mai mon theo cach co6 thé 1am 4 300 24 170
cho dlé~n tich mat cét' ngang thl,{c te 5 350 24 170
cua mau thu khac bi¢t dang ké so
véi dién tich dwoc tinh toan. Ddi véi 6 400 24 170
vat liéu gion, nén bo goc co6 ban kinh 7 300 24 120
l6n ¢ cac dau cua chiéu dai chuan
do. Dién tich mit cat ngang cia mau 8 350 24 120
phai nho nhat tai tdm cua phan tiét 9 400 24 120
dién thu hep dé dam bao dut gay xay
A 4a- 2 Y 10 300 22 120
ra trong chiéu dai chuan do. Vi ly do
nay, cho phép c6 mdt d¢ thuén nho 11 350 22 120
trong phan rat gon ciia mdi mau thir
gpA , &t , A 12 400 22 120
dugc mo ta trong cac phan sau.
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(*) Tién hanh soi miu:

Budc 1: Pit mau di mai va tam thuc
1én ban kinh dé soi. Pi¢u chinh ti€u cyu cua kinh
sao cho thay dugc rd nét nhat bién giodi hat.

Budc 2: Chon 1 hat bat ky dé tién hanh
do kich thudc. Chon Measure — Line S déke
doan thing cit qua hat sao cho diém bat dau
va diém két thuc doan nam trung bién gidi hat.
Kich thu6c trén doan thing chinh 14 kich thuéc
hat theo phuong ngang.

Luu y: viéc do kich thudc hat phai sur
dung 6ng kinh ciing mot do phong dai véi dng
kinh & budc 3.

Budce 3: Ké doan thang vudng goc véi
doan théng O budc 5, ta co kich thudc hat theo
phuong doc.

Budc 4: Thuc hién lai bude 5 va 6 voi
cac hat khac va ghi lai két qua.

Budce 5: Str dung cong thic (1) va (2)
dé tinh tiét dién hat. Dya vao bang 3.4.1 dé xéac
dinh cép hat.

3. KET QUA VA PHAN TiCH CAU TRUC
TE VI

(*) Anh hwéng cia téc dd han (f) dén kich
thudc hat:

Mau 1 (f =300 mm/phut) c6 kich thudc
hat 16n nhat, phan 16n dat cap 10. Nguoc lai,
mau 2 (f = 350 mm/phut) c6 sd luong hat dat
cap 11 chiém hon 50% bé mit mau. Sang miu
3 (f = 400 mm/phut), cac hat cip 12 bat dau
xuét hién, trong khi luong hat cép 11 c6 su suy
giam.

Toém lai, khi dién ap 1a 22V, dong dién
1a 170A, toc dd han cang nhanh thi kich thudc
hat cang nho.

Hinh 1. T6 chitc té vi
A — Anh chup té vi B — Ti I¢ hat twong wng cap hat

4. KET LUAN

Két qua kiém nghiém cho thiy truong

hop han véi tbe dd 300 mm/phit va dong dién
170A cho ra chi tiét in 3D kim loai c6 d6 déo
va do bén kéo cao nhat. Két qua nay dong thoi
cling cho thay tdc d6 han t6i han dnh huong dén
d6 bén cua san pham Ngoal ra, dong han ciing
¢6 anh huong dén do ngau mdi han va kich
thudc hat. Tuy nhién, san pham in 3D kim loai
tir phuong phap ndy van dap Gmg yéu cau so
v6i vat liéu khac nhu thép ¢6 ham lugng carbon
trung binh.
(*) Kinh phi nghién ciru: Bai bao nay la san
pham cta nhiém vy NCKH va CN “Nghién ctru
cong nghé va ché tao thiét bi gia cong kénh giai
nhiét 3D cho khuon phun ép nhya”.

Ngay nhan bai: 17/7/2023
Ngay phéan bi¢én: 01/8/2023
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NGHIEN CU’U THIET KE VA KIEM BEN KET CAU CANH CHINH
CUA UAV DANG TAU LUON

RESEARCH ON DESIGN AND STRENGTH ANALYSE THE MAIN WING
OF UAV GLIDER

Pinh Tin Hung
Truong Co khi, Dai hoc Bach khoa Ha Noi

TOM TAT
Bai bdo nghién ciru thiét ké két cau canh chinh cia UAV dang tau lwon. Két cdu canh thiét
ké dege kiém bén sir dung tdi phan bé dp sudt, két qua ciia bai todn khi ddng, la mét trong nhirng
diéu kién dau vao sir dung phan mém ANSYS. Két qua kiém bén cho thdy két cdau canh chinh dii bén.
Tir khéa: Tau leon khéng ngueoi ldi; Kiém bén; ANSYS.

ABSTRACT

The article research to determine the position of the engine relative to the main wing of a
UAV glider using ANSYS software. The glider has four engines operating in cruise mode at a speed
of 10m/s and an angle of attack of 3 degrees. Research results show that at the location of engines
0.7m in front of the leading edge of main wing, the best aerodynamic qualitiy is carried out. The

height of the engine above the main wing does not affect the aerodynamic quality.

Keywords: UAV Glider, Strength Analyse; ANSYS.

1. GIOI THIEU

Theo thoi gian, 1an luot cac thiét ké
may bay UAV dang tau luon ra doi va qua moi
thiét ké, co nhiing cai thién vé tran bay, tam
bay va thoi gian bay. Can phai nhan manh ring,
nhiing cai tién trong thiét ké s& khong dimng lai
0 d6 ma s¢€ luon duge nghién curu, tich hop cac
cong nghé mdi vao ché tao nham tao ra céac thé
hé UAV dang tau lugn thong minh hon phuc vu
cho cac muc dich khac nhau nhu trinh dién, do
tham trong quan sy, hay tram thu, phat, trung

chuyén thong tin nhu mdt v¢ tinh,...

Cac mau UAV timg budc duoc phat
trién theo thoi gian, budc dau 1a tang thoi gian
bay va trin bay bang cac cai tién vé dong co va
loai pin ning lugng mit troi. .. tiép dé cac mau
UAV cubi thé ki 19 va dau thé ki 20 c6 sy phat
trién manh vé tim bay va thoi gian bay khi c6
su két hop vat liéu vao ché tao UAV gitp giam
khdi lugng va giam chi tiét ma van dap tmg
duoc do bén can thiét.
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Ngay nay, voi su phat trién chong mat
cua cac nganh vat liéu da kéo theo sy phat trién
cua UAV déc biét 1a quan trong voi dang UAV
can khdi lugng nhe nhu UAV tau lugn. UAV
da ung dung rat nhiéu vat liéu khac nhau vao
viéc thiét ké, ché tao cac mau UAV khac nhau
dé dat muc dich theo mong mudn va vat liéu
composite dong mot vai tro trung tam trong
viéc thiét ké va ché tao may bay UAV dang tau
luon khong nguoi 14i [1].

V61 muyc tiéu mang tai c¢6 ich 1,5kg &
tran bay 300m tng dung trong khao sat, giam
sat tréng rung, phuc vu ctru hg, ctru nan, tau
luon ty sé dang 16n, sai canh gan 10m va khoi
luong cat canh 35kg duoc nghién ctru thiét ké,
ché tao [2].

2. THIET KE CANH CHINH
2.1. V6 canh

V6 canh 1a mot phan quan trong khong
thé thiéu cua két cau canh véi chirc nang co ban
1a dinh dang mot bé mat khong tham thau dé hd
trg sy phan bd ap suét khi dong, kha nang tao
luc nang cia canh cling dugce sinh ra tir do. Luc
khi dong nay dugc truyén dén cac khung xwong
qua vO va su tuong tac giita cac phan tir ctia tAm
pht vo canh. Bén canh do, thm phu vo canh con
dong vai tro quan trong trong viéc dinh hinh
hinh dang canh, bao vé két cau bén trong va
g6p phan tao nén tinh tham my cho phan canh
noi riéng cling nhu toan bd may bay noi chung.
Vi thiét ké & dang khung két cdu chiu tai nén
v6 chi can dam bao gitr hinh dang khi dong cta
canh, khong can qua cting, chiu ing suat tot. Vi
vay, chon vat liéu vo canh 1a vat li¢u composite
boc ngoai khung xuong va sir dung decal dan
pht ngoai cting. Uu diém 13 cach 1am don gian,
nhanh choéng, tién loi va khong doi hoi nhiéu
trang thiét bi.

Hinh 1. Vo canh

2.2. Khung swon va thanh xa ngang

Cac khung suon (rib) da dugc tinh toan
voi kich thudc 1250mm, 1000 mm, 900 mm,
600 mm va 450 mm. D¢ day 1 tam rib duoc cb
dinh & 5Smm (di dé chiu cac khép ndi véi thanh
spar) (Hinh 2). Cac tim khung sudn duoc khoét
dé giam khoi luong.

T T

Chprd kg 4 8mn

P .

Chard s, e,

W WS

Chaiill g | Felitom

Hinh 2. Khung suon

Pé chdng xoan t6t hon cho két céu 2
thanh cacbon dang dng duogc lip thém vao & vi
tri Y va % day cung. Ngoai ra, bo sung thém
mot éng cacbon & vi tri dau canh gitp ting do
ctimg cho két ciu. Cac loai éng str dung duoc
cho trong Bang 1.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023 109
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Bang 1. Cdc logi ong dam

Loai 6ng | Chiéu dai (mm) | Vi tri két ndi

Rib 1-10, két

020 (2) 4800 ndi than canh
@14 (1) 3500 Rib 1-8
@20 (3) 607 Rib 1-2

2.3. Két cAu canh

Téng thé két cAu canh véi sai canh 1én
dén 9600mm gom co 19 profil, 2 dng cacbon
tai vi tri ¥ va % day cung (Hinh 3). Phan 16n
cac profil s& dugc lam bang nhom dé giam khoi
luong két cdu do tong thé két cAu di duoc dam
bao bén do cac thanh dam, ta chi can profil dé
dam bao duy tri hinh dang tim vo. Nhu vay
1a két cau khung da don gian hon rat nhiéu va
van dam bao du bén cho tong thé két cau canh,
theo céc tinh toan so bo. Kha nang chiu luc cua
két cau khung xuong s& dugc kiém nghiém lai
trong phan mé phong két cau.

Hinh 3. Két cdu canh

3. KIEM BEN KET CAU CANH
3.1. Thiét 1ap kiém bén trong ANSYS
Mo hinh canh hoan chinh dugc nhap

vao module ANSYS Mechanical va xir 1y trong
moi truong Design Modeler. Sau khi ¢6 xu ly

vé mit hinh hoc, mé hinh s& dugc chia ludi tu
dong trong ANSYS [3]. Phan tir ludi dugc chia
c6 kich thudce tir 4-8mm tuy tirng khu vuc. Khu
vuc canh dugc chia min dé qué trinh tai Iyc khi
dong cho két qua phan bd Iuc tot nhat. Két qua
chia ludi mo hinh canh dugc minh hoa trong
Hinh 4.

a. Bé mat canh b. Trong két cdu
Hinh 4. Chia luéi

Hinh 5. Ap sudt khi dong trén bé mat canh

Sau khi ludi da dugc chia, tai khi dong
s& duoc dat 1én bé mit canh (Hinh 5). Cac diéu
kién bién duogc dat bao gém cac vi tri ngam va
luc trong trudng. Pdi véi lién két ngam, khu
vuc dugc ngam bao g@)m cic mat nam tai géc
canh (Hinh 6). Ddi véi luc trong trudng, gia toc
trong truong c6 do 1onm 9,81m/s? theo phuong
vudng goc v4i bé mit canh. Gia toc trong trudng
dugc dit dé xét dén ca anh hudng cta trong luc
dén ung suit trong canh. Cudi cung, két cau
canh duoc gin vat liéu dé mo phong. Cac vat
li¢u thong dung cho UAV thuong su dung la
thép, hop kim nhom, vat li¢u composite. béi
voi thép va nhom, composite trong co s¢ dir
liéu cua ANSYS da c6 san.
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H_%‘_,’“”
Hinh 6. Vi tri dat lién két ngam

3.2. Kiém bén

Két ciu duogc kiém bén théng qua hé sb
an toan. Hé sb an toan 1a mot tiéu chi danh gia
c¢6 thé ap dung cho vat liéu nhom va gd balsa
dua trén viéc so sanh rng suét 1on nhat trén két
céu va mg suat toi da ma két cau c6 thé chiu
duogc. Két cau duge danh gia theo tiéu chi hé sd
an toan duoc coi 1a bén néu gia tri tai céc vi tri
16n hon 1. Hé s6 an toan v6i nhom dat gia tri toi
thiéu 1a 1,4447 (Hinh 7).

Z

A

Hinh 8. Gia tri damage status tqi cdc thanh xa

Vi trong két cdu c6 st dung két hop giira
nhom, g5 balsa va vat liéu cacbon nén dé kiém
bén hoan toan cho két cdu, tiéu chi Damage
Status s€ dugc 4p dung dé danh gia vat li¢u
cacbon. Tiéu chi d4nh gi4 nay tra vé két qua 1a
mot trong ba gia tri: 0 — Khong bi phéa huy; 1 —
Pha hiy mot phan; 2 — Pha hity hoan toan. Nhur
vay, trong thiét ké can dat dugc gid tri nho hon
1 dé két cdu du bén. Tt ca cac thanh xa déu co
gi4 tri damage status tra vé 0 (Hinh 8) cho thay
cac thanh xa khong bi pha huy.

Kiém bén canh may bay véi cac dong
co cach mép vao canh chinh 0,7m, dong co gén
than ¢6 dinh 1,2m so v&i mit phang dbi xtng,
khoéng cach dong co xa thﬁr{, L, dp’qc thay ddi
tr 2 dén 4,2m so v&i mat phang doi xung.

18
; 17 &
g .
.
"8
14
i Ta
FY—
13 Loa
A
14
F| FIL] 3 35 4 45
Khong cich L2 (m)

Hinh 9. Hé s6 an toan theo khodng cdch L,

Tai vi tri 2,4m, tirc & vi tri gép doi so
v6oi dong co gan than, hé so kiém bén cao nhat
dat 1,71.

4. KET LUAN

Két cau canh may bay c6 sai canh gan
10m va ty sé dang 16n duoc thiét ké va kiém tra
du bén & ché do 1am viée nghién ctru. Vi tri dat
dong co so véi mat phang doi xting ciia may
bay khong anh hudng nhiéu dén chét luong khi
dong canh nhung lai c6 anh huong dén bai toan
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kiém bén. Két qua nghién ctru chi ra vi tri dat
dong co dé cho hé sb an toan 16n nhét 1,71 1a
cach mép vao canh chinh 0,7m, dong co gén
than cach mit phang ddi xtmg 1,2m con dong
co xa than c6 vi tri xa gip do6i so v6i dong co
gan than, %

Ngay nhan bai: 16/7/2023
Ngay phan bi¢n: 5/8/2023
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NGHIEN ClrU ANH HWONG CUA MOT SO THONG SO IN
DEN CHAT LWONG SAN PHAM IN LU0l

STUDY ON THE EFFECTS OF SOME PRINTING PARAMETERS
TO THE QUALITY OF SCREEN PRINTING

Lwong Tuin Anh', L& Vin Thao? Nguyén Thuy Dwong®
1Cong ty TNHH MTV Co khi Chinh xé4c 29, Téng cuc Cong nghiép Qudc phong
’Hoc vién Ky thuat Quan su
*Pai hoc Bach khoa Ha Noi

TOM TAT

In lw6i la mét trong nhitng kj thudt in phé bién dwoc sir dung réng rdi trong cdc nganh
cong nghiép. Tuy nhién, trong qud trinh bdao quadn, sir dung san pham in ludi sé tiép xiic va chiu anh
huéng truec tiép tir méi truong (nhiét do, do am...) chat lwong san pham in bi suy giam. Chdt lwong
san pham in hedi phu thudc chii yéu vao thong sé cong nghé khi in. Bai bdo nay tdp trung danh gia
sw anh hwong cia nhiét do sdy va thoi gian sdy dén dé bén cia I6p muee in tach khéi nén. Két qua
cho thdy rang nhiét @ sdy va thoi gian sdy anh hieong déang ké dén chat lwong san pham in. Khi sdy
& 145°C trong thoi gian 50 gidy sé cho dg bén san pham in la tot nhdt.

Tw khéa: In ludi, chdt heong I6p in, @6 bén I6p in.
ABSTRACT

Screen printing is one of the popular printing techniques widely used in industries. However,
during storage and use of screen printed products, they will be exposed to and directly affected by
the environment (temperature, humidity...) and the quality of printed products will be degraded.
The quality of screen printing products depends mainly on the technological parameters when
printing. This paper focuses on evaluating the influence of drying temperature and drying time
on the durability of the ink layer separated from the substrate. The results show that the drying
temperature and time significantly affect the quality of printed products. When drying at 145°C for
50 seconds, the durability of printed products is the best.

Keywords: Screen printing, printing layer quality, printing layer durability.
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1. GIOI THIEU

In ludi 1a phuwong phap in truyén thong,
duogc str dung rong rai trong nganh cong nghiép
in 4n. Phuong phap nay st dung khuén in lua
dé chuyén muc in 1én bé mat vat liéu, thong
thuong 1a gidy, nhung ciing c6 thé 1a vai, nhua,
kim loai, gS, thuy tinh va cac vat li¢u khac.
Chat lugng san pham in déng vai tro rat quan
trong trong qua trinh bao quan, st dung san
pham in ludi va chiu anh huéng tryc tiép tir
moi truong. Vi vay, xac dinh dugc muc d§ anh
huong cua mot sb thong sé in dén chit luong
ctia san pham in s& giup chung ta diéu chinh
dam bao chét luong san pham in tot hon.

Chat luong in phu thudc vao cac yéu to
nhu do phan giai cua ludi in, tdc do gat muc in
ctia dao gat, chat lugng cua muyc in, xtr Iy gin
mau sau in. Trong d6, xir Iy gdn mau sau in co
tac dong rat 16n dén d6 bén cua san pham in [1].
Hrytsenko chirg minh ring cac hat nano ZnO/
SiO, ¢6 thé duoc su dung dé ché tao cac ph?m
tur hoat tinh cho bao bi thong minh [2]. Viéc xtr
1y nhiét gay ra sy khac biét vé mau sic nho hon
khi cac mau duoc in bang ludi in co sb luong
mit ludi cao hon [3]. Nhiét d¢ ting ciing giy ra
su thay d6i 16n hon vé mau sic va hé sb phan
xa cia cac mau, diéu do6 cd nghia la do bén cua
muc phu thudc vao nhié¢t do duoc ap dung [3].
O Viét Nam, tir nim 1990 dén nay, nganh in
ludi & nudce ta phat trién manh. Phan 16n cong
nghé va thiét bi dugc chuyén giao va nhép tir
cac nudc nhu Pai Loan, Han Quéc, Nhit Ban,
Singapore, Anh, Phap, My, buc, Thuy Si...,
rat it duoc san xuét tir cac co sd trong nudc.
Nhimng cong trinh nghién ciru vé cong nghé
in ludi ¢ trong nudc con han ché, dat biét 1a
nghién ctru sy anh hudng cua cac thong sb in
dén chat lugng san pham in.

Bai bdo nay trinh bay anh hudéng cua

cac thong s6 nhiét do sy va thoi gian siy dén
d6 bén cua 16p muc in ddi vé6i viée tach khoi
nén. Két qua nghién ctru diéu chinh cac thong
sO in dam bao chat lwong san pham in tot nhét,
nang cao ning suat va chat luong san pham
trong san xuat hang loat.

2. THIET BI VA PHUONG PHAP THUC
NGHIEM

2.1. Thiét bi in lwéi

Dé thyc nghiém anh hudng cuia nhiét do
sdy (T, °C) va thoi gian sdy (t, gidy) dén chat
lwong san pham in, cac mau thi nghiém dugc
thuc hién trén thiét bi in lu6i nhu trén Hinh 1.

Hinh 1. Thiét bi in luéi

San pham duoc gé 1én d6 ga, mam quay
dua san pham vao vi tri in dugc ¢d dinh cum
dinh vi. Cum dau in va cum ga ludi in dugce
diéu khién ha xudng, dong thoi mat ludi in ti
1én bé mat cin in cua san phém. Dao gat muc
s€ gat muc trén ludi in dé thuc hién qua trinh in.
Sau khi san pham dugc in xong, san pham duoc
dua sang bang tai. San phim duoc van chuyén
dén vi tri bao quan, trong qua trinh van chuyén
trén bang tai, myc in trén san phém duoc lam
kho bang hé thong say hong ngoai. Cac thong
s6 cong nghé ding cho qua trinh in dwogc thé
hién trong Bang 1.
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Bdng 1. Théng so thiee nghiém

TT Théng sb Gia tri
1 Bé mit in Kim loai, Phi kim
o an i 125°C, 145°C,
2 Nhiét do say 165°C
3 Thoi gian sdy 20s, 50s, 80s

2.2. Phuong phap danh gia chét lwong san
phéam in

Trong céc chi tiéu danh gia chat luong
san phém in thi d6 bén cua 16p myc in dbi véi
viée tach khoi nén 1a chi tidu rat quan trong, n6
danh gia do bam va do bén cua san pham. Dé

danh gia d bén cua 16p myc in ddi véi viéc bong
khoi nén, st dung tiéu chuan quoc gia TCVN
2097:2015 son va véc-ni — phép thur cat 6 [4].

3. KET QUA VA THAO LUAN

3.1. Két qua thyc nghiém anh hwéng cia
nhiét d¢ say (T) va thoi gian say (t) dén do
bén cia 16p muc in

Tién hanh thyc nghiém in cac mau trén
nén PE & ché d6 in c6 nhiét do sdy va thoi gian
sdy khac nhau va kiém tra 46 bong tréc ciia san
pham in theo TCVN 2097:2015, két qua thyc
nghiém thé hién trén Bang 2.

Badng 2. Két qua thire nghiém

Nhié¢t d¢ | Thoi gian £ . s s - x 2
TT s 2”'1y T(CC) | s fly t(s) Keét qua Hinh dnh thye nghiém Mau chuan (TCVN)

1 125 20 Mitc 4 (60%) ﬁ

2 125 50 Mtc 3 (30%) ﬁ

3 125 80 Miic 5 (65%) Khéc 5 mirc con lai
-H

4 145 20 Mtrc 2 (10%) EH
[ 1]

5 145 50 Mtic 1 (5%)

6 145 80 Miic 5 (70%) Khac 5 murc con lai
Emme—

7 165 20 Mtrc 3 (35%) E?:EEE: ﬁ
EEirean

8 165 50 Mtc 5 (65%) Khéac 5 mirc con lai

9 165 80 Miic 5 (75%) Khéc 5 mtrc con lai
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3.1. Anh huéng ciia nhiét @ siy dén do bén
cia lop muc in

Tir két qua thuc nghiém Bang 2, xdy
dung duogc biéu d6 anh huong cua nhi¢t do séy
dén do bén cua 16p muc in dugc thé hién nhu
trén Hinh 2.

Chult g in

Bong b mat (%
¥ % B B 8

Hinh 2. Anh huéng ciia nhiét @ sdy dén chat
lwong san pham

Tir d6 thi Hinh 2 cho thay: Phan trim
bong bé mit san pham in giam 83,33% khi
nhiét do tang tir 125°C 1én 145°C ¢ cac thoi gian
sdy 14 20s va 50s. Khi nhiét do tang tir 145°C
1én 165°C, phan trim bong bé mit san phdm
in ting 71% & thoi gian sy 1a 20s va 92% ¢
50s. Khi sdy trong 80 gidy, ca ba mirc nhiét do
125°C, 145°C, 165°C déu cho két qua do bén
ctia 10p son phu thip, muc chat luong 5. Chét
luong bé mat in tét nhat dat muac 1 tai nhiét do
sdy 145°C ¢ thoi gian 1a 50s.

3.2. Anh hwéng ciia thoi gian siy dén do bén
cia lop muc in

Tir két qua thuc nghiém Bang 2, xdy
dung duoc biéu d6 anh huong cua thoi gian siy
dén do bén cua 16p muc in duoc thé hién nhu
trén Hinh 3.

Tir d6 thi Hinh 3 cho thay: Phan trim
bong bé mit san pham in giam 50% khi thoi
gian sdy tang tir 20s 1én 50s & cac nhiét do sdy
la 125°C va 145°C. Khi thoi gian tang tir 50s
1én 80s, phan trim bong bé mit san pham in

tang 71% & nhiét do say 1a 125°C va 92% &
145°C; khi thoi gian sy ting 20-80s & 165°C
déu cho két qua do bén cua 16p son phu thap,
muc cht luong 5. Chat luong bé mit in t6t nhat
dat mirc 1 tai nhiét do say 145°C ¢ thoi gian la
50s.

it g

Hinh 3. Anh hudng cia thoi gian say dén
chat lwong san pham

Tl @6 thi trén Hinh 2 va Hinh 3 cho
thiy muc d6 anh huong ciia nhiét do siy t6i
chat lugng bé mit in 1a 16n hon thoi gian say.
Chat lugng bé mit in hay do bén cua 16p in tdt
nhat ing voi nhiét do siy 145°C trong thoi gian
sdy 50 gidy s& cho do bén cua san pham in ludi
t6t nhat dat muc 1. Tai diém nhiét do sdy 165°C
trong thoi gian sdy 80 gidy s& cho do bén cia
san pham in 1a kém nhat.

4. KET LUAN

Bai bao nay trinh bay cac két qua nghién
ctru anh huong cia nhiét do siy va thoi gian
sdy dén chat luong san pham in 1udi, cu thé 1a
phan trim bong tréc bé mat sau khi in. Nhiét
d6 sdy va thoi gian sdy déu anh huong dén chat
luong in, nhiét 46 siy anh hudng manh hon so
v6i thoi gian sdy. Bang thuc nghiém, da xac
dinh duoc bo thong s6 cong nghé t6i vu dé chat
lwong in tot 1a nhiét do sy 145°C va thoi gian
sdy 50 gidy.

Ngay nhan bai: 22/3/2023
Ngay phan bién: 15/4/2023
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NGHIEN CUU, THIET KE MAY IN 3D FDM KHO RONG

RESEARCH, DESIGN LARGE — SIZED 3D PRINTERS

ThS. Bui Minh Hoang, ThS. Poan Kim Binh
Truong Pai hoc M6 — Dia chat

TOM TAT

May in 3D FDM la mot trong nhitng do‘ng may sw dung cong nghé in hién dai dwoc nhiéu
doanh nghzep ung dung vdo quy trinh san xudt va kinh doanh cia nganh cong nghiép ché tao mau.
C6 thé néi, sw xudt hién ciia cong nghé mdy in 3D FDM da gép phan givp nganh céng nghé in
3D FDM duoc phat trién manh mé. Dwa trén mét sé logi may in 3D hién co va dwa trén nhu cau
vé kich thude in khé 1om thi tac gid mudn nghién cieu ché tao mét logi mdy in ¢é I6n, vé nguyén ly
hoat dong thi khong doz (diea trén nguyén Iy dot chay soi nhiea) dé thay doi kich thiede viing in, dé
in dwoc cdc chi tiét mau cé kich thuée 1én ho’n May in 3D M1000 sé c6 kich thude viing in 1én dén
1000x1000x1000 mm, vng dung dé in cac mau l6m nhw canh bom, canh tua bin, vé may, bé may...

Tir khéa: Mdy in 3D; May in 3D khé réng; FDM.
ABSTRACT

FDM 3D printer is one of the models using modern printing technology that many businesses
apply to the production and business processes of the prototyping industry. It can be said that the
appearance of FDM 3D printer technology has contributed to the strong development of the FDM
3D printing industry. Based on a number of existing 3D printers and based on the demand for large-
format printing sizes, the author wants to research and manufacture large-sized printer beads,
the operating principle is unchanged (based on the principle of combustion filament) to resize the
print area, to print larger sample details. The M1000 3D printer will have a print area size of up
to 1000x1000x1000 mm, application to print large samples such as pump impeller, turbine blade,
machine case, machine base.

Keywords: FDM 3D printer; Large-sized printer; FDM.

1. GIOI THIEU pham duoc tao bang cong nghé in 3D trong mot
s6 linh vuc nhu thiét ké thoi trang, linh kién thay
Cong nghé in 3D dang 1a mot trong thé, thyc pham, cong nghiép, xay dung va y hoc
nhitng xu huéng phat trién méi cta khoa hoc va  [1].
ky thuat hién dai. Hién nay trén thé gidi, cong
ngh¢ in 3D da dugc ung dung trong vi¢c tao san Trong vai nam tr¢ lai day, voi sy phat
pham phuc vu doi séng — x3 hoi. Mot s6 san  trién vé kinh té trén toan thé gidi thi cong nghé
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in 3D tai Viét Nam md&i dugce cht y va phat trién
manh me¢. Pac biét, cong nghé nay da duogc ung
dung ca trong thuc tién voi rat nhidu linh vuc.
Cong nghé in 3D di tao ra nhiing chi tiét may
thir nghiém san xuét nhitng mo hinh cong trinh
thu nho.

Su cai tién lién tuc da thuc day gidi han
va mo khoa viéc s dung cong nghé in 3D trong
hang loat tng dung san xuat. Cac tng dung nay
du kién s& tro nén pho bién hon nita trong nim
dén bay nim t6i. Viét Nam ciing khong nam
ngoai xu thé d6. Kinh t& nudc ta dang phat
trién, cong nghiép chiém ty trong cao 1a co so
cho su phat trién ctia cong nghé in 3D.

Xuét hién & Viét Nam tir ndm 2003 va
chu yéu duogc Gmg dung trong nghién ctru (do
chi phi cao), dén nay, cong nghé nay da c6 mat
& kha nhiéu linh vyc nhu y khoa, kién trac, my
ngh¢, thoi trang, co khi, gido duc... [1].

Nhitng phan tich ¢ trén cho thay, tiém
nang ung dung in 3D trong mét s linh vuc
san xuat trong nudc 1a kha cao. Sy hinh thanh
va xudt hién cua céc to hop cong nghiép cong
nghé cao chinh 14 co s cho sy phat trién cua
cong nghé¢ in 3D trong nudc. MOt vai nam trd
lai day, cac to hop san xuét 6 t6 cua Truong
Hai Thaco, t6 hop san xuét 6 to Vinfast, to hop
cong nghi¢p dién tir Samsung Viét Nam, Cong
ty TNHH Linh kién nhya 6 t6 Vinfast — An Phat
(VAPA), cac cong ty giay dép thoi trang va cac
doanh nghiép l6n trong nganh nhya da tung
budc hién dai hoa, chuyén minh dé gia nhap
chudi cung tng cac san pham nhya k¥ thuat.
Hau hét, cac cong ty nay dang c6 dinh hudng
mg dung in 3D trong san xuit. Cac loai nhya
ky thuat img dung cong nghé in 3D dé san xuét
linh kién 6 t6, xe may, dién tir nhu ABS, PC,
POM, PA...

Hinh 1. M6 hinh mau in 3D FDM

Céc nghién cuu, tng dung cong nghé
in 3D trong in 4n, san xuat san pham & nudc ta
trong gan 2 thap ky qua di budc dau dat nhimng
két qua nhat dinh. N6 thé hién rang, Viét Nam
da ndm bat, lam chu duge mot sb cong ngh¢ in
3D nhu FDM, SLA va DLP. Trén co s¢ do, ban
d6 cong nghé in 3D & Viét Nam di duogc xay
dung nhu hinh 2 [1].

Céc két qua vé nghién ciru thiét ké ché
tao may in 3D dugc dé cap o trén da dat duoc
cac két qua budce dau vé giai phap cong nghé
nhu tmg dung cong nghé in FDM, DLP. Ké thira
cac két qua nghién ciru cta cac nhoém nghién
ctru dugc trinh bay & trén, tac gia dé xuat thiét
ké va ché tao may in 3D FDM khd rong, kich
thude 1000%1000*1000 (mm) va chu trong toi
van dé chat luong san phém in, kich thudce vat
mau in, trong d6 giai quyét duoc cac van dé
tdn tai co anh huong dén chat luong in nhu su
t6i wu vé ché d¢ in, kich thude mau in. Bai béo
trinh bay phuong phap thiét ké va ché tao may
in 3D FDM kho rong 1000%*1000*1000 (mm).

STt
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Hinh 2. Ban dé cong nghé in 3D & Viét Nam
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2. THIET KE, CHE TAO MAY IN 3D
FDM KHO RONG, KiCH THUOC
1000x1000x1000 (MM)

2.1. Nguyén ly hoat dgng may in 3D FDM

Bai bdo nay trinh bay két qua nghién
ctru, thiét ké va ché tao hé théng may in 3D khd
rong. Hé thong nay bao gdm mdt co ché chuyén
dong qua lai 3 truc, bd diéu chinh nhiét do dun
va ty dong bo diéu khién. Mot s giai phap dé
xuit nham tang tinh dong nhat, ¢ chinh xac
cao cho s6 luong in 16n nhu thiét ké trinh didu
khién va thuat toan diéu khién phu hop, ting do
cimg dugc ap dung. Mdy co céc tinh ning k¥
thuat sau: Cong ngh¢ in FDM; Chét liéu nhua
PLA, ABS; Kich thudc in 1000(X) x 1000 (Y)
x 1000 (Z) mm; D9 phan giai truc: X, Y, Z: 5,
10, 1 6 tuong tmg; In téc d6 75 mm/s; Chiéu
cao 16p in 1a 0,1-0,4 mm; T¢p in: t¢p Gcode,
STL; B6 dau in: 0,4, 0,6, 0,8, 1,0, 1,2 (mm);
Két ndi may in 3D va dir liéu: SD, USB, Wifi,
Internet; Phin mém: Marlin.

Quy trinh in FDM dugc thé hién trén
hinh 3. Tao mau theo cong nghé FDM lam viéc
theo nguyén 1y 12 dau phun di chuyén theo hai
huéng X-Y phun timg 16p dé tao thanh mot
dbi twong rin trén tim dé. TAm dé duoc duy
tri & nhiét do thap hon, dé cho nhua nhiét déo
héa cting nhanh. Sau do, tam dé ha xuéng, dau
phun tao 16p thir hai ndm trén 16p thir nhat. Cir
thé, qua trinh lip lai cho dén khi hoan thién san
pham. Ciu tao dau may in 3D FDM duoc thé
hién nhu hinh 4.

Nguyén tic chuyén dong chung cua
may in 3D dugc thé hién ¢ hinh 5 [2].

Hinh 3. Phuwong phdp in FDM (Fused Deposition
Modelling)

Hinh 5. Nguyén tic chuyén dong cua may in 3D
FDM

May in 3D c6 nguyén tic chuyén
dong cua mdt may gia cong CNC 3 truc thong
thudng, cac chuyén dong ctia may nhu sau:
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- Chuyén dong truc X mang theo dau
phun nhua di chuyén tinh tién theo chiéu ngang
clia may, chuyén dong nay dam bao kich thudc
theo chiéu rong cua chi tiét gia cong;

- Chuyén déng truc Y dam bao cho
dau phun chuyén dong tinh tién doc theo may,
chuyén dong nay dam bao kich thudc theo
chiéu dai cua chi tiét gia cong;

- Chuyén dong theo tryc Z 13 chuyén
dong tinh tién, 1én xuéng cta dau phun nhya,
chuyén dong nay dam béao kich thudc theo
chiéu cao cua chi tiét gia cong.

May in 3D theo cong nghé FDM duoc
thuc hién theo so d6 thiét ké theo quy trinh sau

[3]:

i ‘Thiét k¢, hva chon phin co khi .
| Thiétke, va chon Thict ké cic chi pl Lvachoncdclogi |}
khung co khi tiét b gd b dhiin by linh kign CK J }

Lip rip ede

i =2 chi et co
Thit ke, e chon phin diga ' khi - dién

'
Lya choa N Thiét ké cdag | Lysa chon céc logi 3

cing sudt linh kign dign

................................................................

Khen 30 ma lrh Cai die, thidt lip
dicu khién GCode Firmware

Thuc hidn clin
chinh miy in

b 7

Hinh 6. So do thiét ké theo cong nghé FDM
2.2. Lua chon mjt s6 két cAu may in 3D FDM
a. Cum truyén dong XY:

- Céc truc X, Y ¢6 thé lya chon mot
trong cac h¢ truyén dong dai nhu Hinh 4.

- Phuong trinh truyén dong cta co ciu:
Ax = I'/Z((Xpl -0,,) (1.1)
Ay = r/2(oc]Dl - (xpz) (1.2)

Véi: r 12 ban kinh puly gin v6i dong co

(mm); o, o, 1a goc xoay ctia dong co thir nhat
va dong co thtr hai (d9).

Hinh 7. Két cau truyén déng truc XY

b. Cum truyén dong Z:

Truc Z 14 truc it di chuyén nhat trong
qua trinh lam vi¢c. Tuy nhién, truc Z anh hudng
dén chét luong san pham rat 16n vi lién quan
dén thong sb chiéu day mot 16p in, thong sd nay
anh huong dén do bong ciing nhu dung sai kich
thude vé chiéu cao cua chi tiét. Thong thudng
d6i véi truc Z, ta c¢6 thé sir dung truyén dong
vit me — dai dc, vit me — dai ¢ bi, truyén dong
dai. Truyén dong vit me — dai 6¢ bi dugc su
dung trén truc Z do truyén dong co6 hiéu suat
cao, it gdy ra hién tugng trugt, van hanh ém,
tuy nhién khi xdy ra sy ¢d hong hoc phai thao
ra thay méi. Truyén dong dai c6 wu diém 1a két
cAu nhoé gon, hoat dong ém, dé thiét ké.

Hinh 8 thé hién két cdu truc Z ctia may.
Truc Z c6 chirc ning di chuyén dau in tinh tién
theo phuong thang dimg, vi ban in ¢6 dinh, truc
Z di chuyén 1én xubng nén sir dung truyén dong
dai 1a hop 1y. Tuy nhién, dé an toan nén can
thiét ké thém bo truyén dai véi dau ra co sb
vong quay nho hon dau vao dé giam dugc cong
suat tir dong co dén hé thong dai treo khung
XY [4].
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L~

Hinh 8. Co cdu truc Z mdy in 3D

3.MQT SO GIAI PHAPNANG CAO CHAT
LUQNG SAN PHAM TRONG MAY IN 3D
FDM KHO RONG 1000x1000x1000 (MM)

3.1. Pam bao dj cirng virng va cin bang cho
khung may in

Truc X va Y va ban in di chuyén doc
theo chiéu doc truc Z dé tao san phém in 3D.
Véi diéu kién vat liu PLA hién tai, c6 thé
chon ban in vira nhe, vira phéng, vira dep su
cung nhéc. Khi b phan co khi khong on dinh,
may dun rung va c6 thé tao ra day toc, cac 16i
xudt hién gan giéng nhu chuyén dong mo xung
quanh mép hodc céc chi tiét dic biét, 1am giam
chat lugng in. Cac khung may in 3D can duoc
thiét ké v6i do bén cao do cling giup may khong
bi rung lic khi van hanh in 3D. Khung may co6
thé duoc 1am tir cac thanh thép han hodc inox
302. P6i v6i méy in dang nghién ciru, tac gia
str dung khung thép tim 1,5mm. Céc khép nbi
phai c¢6 d6 cting va chdng soc tot, co kha ning
chdng lai dé giam thiéu kha ning sai sot trong
gia cong. Khi d6, cac hé thong truc XY ta c6 thé
str dung ray trugt vudng dé ting su cung ving,
giam rung lac. Cum di chuyén truc Z ta st dung
bo truyén vit-me 4 goc may in két hop truc dan
huéng. Dbi véi may in khd 1000x1000x 1000,

tac gia su dung 4 b vit-me 10 budc 5 (1005)
két hop v6i 4 truc dan hudng dudng kinh 20mm
0 bon goc, tir do tao luc dong déu.

3.2. T6i wu hoa bd diéu khién may in

Déi véi dong may khod rong, tac gia sir
dung A4988, 14 driver diéu khién dong co budc
nho gon, hd tro nhiéu ché do lam viée, diéu
chinh duogc dong ra cho dong co, tu dong ngét
dién khi qua nong. A4988 hd trg nhidu ché do
hoat dong cua dong co budc ludng cuc [3].

4 W
Wl B——p
R

o — Sm aa

111
TTTT1
ainas

o

WvE :f L S

LLUET g

Hinh 9. Mach driver A4988

Tac gida st dung mach MKS Gen L
V1.0 12 mach diéu khién cho may in 3D thiét
ké. Mach str dung chip xir Iy Atmega 2560 va
c6 du ngod ra cho cac phu kién may in 3D.

Hinh 10. So d6 chdn mach MKS Gen L V1.0
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3.3. To6i wu hoa sai s6 dinh vi didu dun may
in 3D

Viéc sir dung encoder — thudc quang dé
nhan dit liéu dinh vi gtri dén bo diéu khién cho
phép dat dugc do chinh xéac dinh vi cao. Tuy
nhién, giai phap nay 1a chua kinh té. Trong hau
hét 3D may in, dong co budc duoc sir dung,
cho phép kiém soét chinh xac vi tri dau dun.
Tac gia chon dong co budc dan dong truc Z.
Céac dong co dan dong truc X-Y 1a dong co AC
Servo.

3.4. T6i wu héa toc d9 va diéu khién nhiét tyr
dong cho dau dun may in

Dé t6i wu hoa tée do, dau dun dugc didu
khién bam theo téc d6 di chuyén cua dau in, sy
chuyén dong twong ddi gitp luong nhya dugc
dun ra déu, ko gay hién tuong thira thiéu nhya.
Ngoai ra, ti wu nhiét do dau in dé gitp cho
giam sy chay nhya (nhi€t qua cao) hoac nhya
khong thé ra (nhiét thap khong du chay).

4. KET LUAN

Trén co so nghién ciru vé may in 3D
kho rong, tac gia da tién hanh ché tao thir mau
may c6 kich thudc 1000x1000x1000 (mm).
San pham budc dau cho phép tao ra cac mau in
16n, té¢ d6 in nhanh hon. Tac gia tiép tuc cong
tac nghién ctru, dé cai tién, nang cao chat luong
ctia san pham. <
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PHU'ONG PHAP GIA CONG BANH RANG CON RANG
THANG BANG KY THUAT CAD/CAM

METHODS OF MANUFACTURING BEVEL GEAR BY USING CAD/CAM
TECHNOLOGY

Pham Dirc Thién
Khoa Co — bi¢n, Truong Pai hoc M6 — Dia chat

TOM TAT

Trén co so ciia cong nghé CAD/CAM va cdc phép bién doi phép todn hoc, bai bdo da trinh
bay phirong phap xdy dung mé hinh todan hoc bé mdt banh rang cén rang thang. Tir co sé do, viéc
thiét lgp dwong chay dao, mé phong qud trinh gia céng banh ring cén dwge hé tro tir cde phan mém
CAD/CAM. Két qua thuc nghiém khi gia céng banh rdang cén trén mday CNC cho thdy d chinh xdc
dat dege cap 5 theo TCVN va sai léch bién dang rang ciing nhuw bude rang nam trong giéi han cho
phép.

Tw khoa: Banh rang con;, CAD; CAE.
ABSTRACT

On the basis of CAD/CAM technology and mathematical transformations, this paper
presents a method to build a mathematical model of bevel gear. From that basis, the toolpath is
generated. The simulation of the bevel gear machining process is supported by CAD/CAM software.
Experimental results when machining bevel gears on CNC machines show that the accuracy is
achieved at level 5 according to TCVN and the deviation of tooth profile as well as tooth pitch is

within the allowable limit.

Keywords: Bevel gear; CAD; CAM.

1. MO PAU

Viéc gia cong banh rang chung ta phai
dau tu may moc va thiét bi chuyén dung nén
néu khong st dung hét cong suit s& giy ra
lang phi, dan toi gia thanh san pham cao. Do
d6, ngudi ta chi dau tu ching dé gia cong cac
banh ring phd bién, tirc 1 banh ring c6 modul
nho va trung binh. Déi véi cac banh riang phi
tiéu chudn, banh ring 16n, hodc banh ring ding

trong cac thiét bi dic biét thi viéc thiét ké, ché
tao gap nhidu kho khin do thiéu vé trang bi
may méc chuyén dung trong khi thyc té 1a da
phan cac phan xudng déu dugc trang bj may
CNC (Computer Numercial Control). Van dé
1a 1am thé nao dé tan dung dugc may CNC dé
c6 thé dap timg duoc yéu cau ché tao banh ring.
Mot s6 nghién ctru di dua ra dugc cac phuong
phap khac nhau khi gia cong banh rang con trén
cac may CNC. Nhom tac gid [1] d@ m6 phong
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gia cong banh rang con trén may tinh, sau do
tién hanh gia cong thyc nghiém trén may phay
CNC 3 tryc. Nhom tac gia Lé Cung, Bui Minh
Hién [2] d4 dwa ra phuong phép thiét 1ap dudng
chay dao khi gia cong banh rang trén may phay
CNC. Nhom tac gid Lé Cung, Lé Phudc Hoang
[3] dua ra két qua qua trinh tao phoi banh ring
con bang phuong phap dap thé tich, 4p dung
trong gia cong banh rang con. Trong nghién
ctru nay, nhom tac gia tdp trung thiét 1ap mo
hinh toan hoc dé xay dung bé mit banh riang
con rang thang, tir d6 tién hanh xay dung duong
chay dao khi gia cong trén may phay CNC. Bay
la budc quan trong trong viéc gia cong banh
rang con trén may phay CNC.

2. CO SO PHUONG PHAP GIA CONG
BANH RANG CON TREN MAY CNC

2.1. Xdy dung bé mit banh ring cén ring
thang bién dang than khai

Theo [4] thi cho duong thing A lin
khong truot trén duong tron R, diém M trén s&
tao ra duong than khai (Hinh 1). Phuong trinh
duong than khai trong hé toa do cuc:

* cosa, (1)

Hinh 1. Hé toa do duwong than khai

Néu cit banh ring bang mot tiét dién
vudng goc voi dudng ring thi giao tuyén thu
dugc 14 duong than khai. Banh riang con thang
c6 tiét dién thay ddi giam dan tir mat mat 16n
dén mit mat nho, do vy modul banh ring ciing
thay do6i theo céac tiét dién banh riang. Ta ct
banh rang theo mat con phu 16n thi ta dugc mot
banh rang tru tuong duong.

Dé xay dung phuong trinh bé mit than
khai cho banh rang con, ta xay dung phuong
trinh duong than khai cho mot tiét dién j trong
hé toa d vudng géc voi duong rang, sau do st
dung phép quay toa do dé dua phuong trinh vé
hé toa do cua banh rang. Xét trong h¢ toa do
0’x’y’z’ (Hinh 2).

Hinh 2. So' do thiét lap bé mat banh rang

Lay mot diém M bat ky trén duong than

khai, toa do diém M trong hé toa do o’x’y’z’.
N6 dugc xac dinh theo phuong trinh (2).

X' =R 3-c08(6,) = R' . cos(invar, )
Ve =R 58, )= R, s inve, ) (2)

Zy=L-1L,

Trong do: inva_ = tana_— o
X X X

<a

X max *

\ ) < ) < ) re )
vaR' <R’ <R’ Vol a,, <a

Chuyén hé toa do 0’x’y’z’ sang h¢ toa

d6 oxyz bang cach quay hé toa do o’x’y’z
quanh truc oy mot goc ding bang gbéc con o,
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sau do tinh tién mot doan OO’ dé dua géc O’ vé
0. Toa do diém M trong h¢ toa do oxyz la:

X X' g
Vi | = R(9)T(0.0.00)] 3,
Z .Z'J.-Mr
cosgp 0 sing 1 0 0 X oy
= 0 1 0 01 0 |2 (3)
—sing@ 0 cosg 00 oo’ o
Trong do:

_m,(R,~bsing)
7

e

00' cos@+(Re—bsing)tang+bcosg (4)

V6iR 1a ban kinh vong dinh banh rang.
Dé thiét 1ap phuong trinh cho bién dang ring
bén tréi, ta tién hanh quanh hé toa do mot goc
v6i Z 1a s6 rang banh rang can thiét ké. Phuong
trinh bé mat ring bén trai ciia ring banh ring
duoc xac dinh nhu sau:

cosp 0 sing |[1 0 0 Jfcosy —sing O] xy
= 0 1 0 {01 0 |sing cosu 0|y, (5)
00 O !

—sing 0 cosg 0 0 1 ||z

X
Yy
V4

M M
2.2. Xay dung dwong chay dao cho banh
ring con ring thiang bién dang than khai

Khi gia cong banh rang than khai, ta
st dung dudng chay dao bam theo bé mit than
khai, cho dao chay theo bién dang cua duong
than khai (Hinh 3).

Banh rang con dugc coi tuong duong
v6i banh rang tru c6 ban kinh bang chiéu dai con
L [5]. Ta chi banh ring theo cac tiét dién vudng
gdc voi duong rang thi ta s€ c6 cac banh tru rang
thang twong duong c6 ban kinh R. = L. Chon
dung cu gia cong banh ring 1 dao phay dau cau
(ball mill) c6 duong kinh R dé gia cong banh

rang. Phuong trinh chay dao & tiét dién thi j

trong hé toa do 0’x’y’z’ trong tiét dién j (Hinh
4).

Hinh 3. Duong chay dao

X', =R', .cos(imve, )+ R, .sine,

¥y'y=R, sm(inve,)-R, .cosa, (6)

Vi

i
Hinh 4. So' do tinh dwong chay dao

Toa dd diém I trong hé toa d§ oxyz,
cling l1a phuong trinh duong chay dao.

X cos@ 0 sing 1 0 0 x'_,-?
yal=| 0 1 0 01 0 Vi (7)
Z4 —sing@ 0 cos@ ||O0 0O OO Z 4

Tham s6 OO’ tinh nhu phuong trinh (4).

Dé thiét 1ap phuong trinh cho bién dang
rang bén trai, ta tién hanh quanh h¢ toa do mot
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. 2r . v A , o X e
goc i = - v6i Z 1a s0 rang banh rang can thiét

ké. Phuong trinh duong chay dao trai duoc xac
dinh nhu sau:

Ty cos@ 0 sing 0 0 [eosi —siny 0
= 0O 1 0 01 0 ||lsnu cos i ol
7, —sng@ 0 cosg ||0 O OO|0 1] 1

2.3. Mo phéng qua trinh gia cong banh rang
con rang thang

¥,

] ®)

]
Ty

Trong nghién ctu ndy, phan mém
MASTERCAM [6] dé md phong qua trinh gia
cong clia banh rang con riang thang véi thong
sé m = 10, s6 rang Z = 12. Qua trinh md phong
duogc thuc hién qua cac budce:

Bu6e 1: Thiét 1ap phoi, duong kinh
phoi xac dinh dya trén duong kinh ngoai 16n
nhit cua banh ring con cé tinh dén luong du
gia cong.

Budc 2: Chon dung cu cit, néu chung ta
su dung phuong phap gia cong trén may CNC
thi ta st dung con dao phay dau cau (Ball Mill)
dé gia cong banh rang.

Budc 3: Thiét 1ap duong chay dao cho
gia cong tho banh rang.

Budc 4: Chon ché d6 cit dua trén co s&
tinh toan che do cat trén may cat CNC.

Bude 5: Chon cac thong sb khac nhu
mat phang lui dao, mat phang cat, ché do boi
tron,...

3. KET QUA VA THAO LUAN

Qua trinh mo6 phong gia cong dugce thyc
hién tirng bude nhu muc 2.3 va thu file NC.

Két thic qua trinh mé phong, tap NC
gia cong s& dugc hinh thanh va nhdp vao may

CNC théng qua bd doc dit lidu. Ché do cong
nghé gia cong da thiét lap trong tap NC [7].

Hinh 6. Po kiém trén may do toa do CMM
Viéc do kiém bién dang rang duogc tién
hanh do kiém bang phuong phap CMM.

Dit liéu diém sau tir may do toa do va
dugc ki€ém tra bang thuat toan nhu hinh 9.

Hinh 7. Thudt todn kiém tra
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Hinh 8. Két qua sai léch budc rang

Hinh 9. Sai léch bién dang rang

Phan tich sb liéu do duoc trén may
CNC, thi banh rang gia cong trén may phay
CNC dat cap chinh xac 5 theo TCVN. Sai léch
budc rang nho hon 0.2% (Hinh 8) va sai léch
bién dang ring nhé hon 0.1 % (Hinh 9). Két
qua nay cho thiy viéc gia cong banh ring con
trén may phay CNC dép (mg dugc yéu cau cia
thuc té sir dung.

4. KET LUAN

Trén co s& ung dung CAD/CAM,
nghién ctu nay da xdy dung dugc mod hinh
toan hoc bé mit banh ring con ring thang bién
dang than khai dva trén co s¢ cua phuong trinh
hinh hoc va cac phép bién ddi hinh hoc phing
va khong gian. Tir d6, duong chay dao dé gia
cong banh ring con rang thang trén co s mod
hinh toan hoc da duoc thiét lap. Bai bao duara
cac budc mo phong gia cong banh rang thyuc
hién trén phan mém CAM va di thir nghiém

gia cong trén may CNC. Két qua kiém tra bién
dang ring bang phuong phap do toa d6 CMM
cho thay, banh ring gia cong dat cip chinh xac
5 va dap tmg duoc yéu cau ky thuat vé do chinh
xac ché tao ring banh ring. <
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GIAI PHAP TAO TAI TRONG THIET B| THU'C NGHIEM KHAO SAT
GIAM RUNG DONG CUA BO TRUYEN BANH RANG BANG HAT
GIAM CHAN

A SOLUTION FOR CREATING THE SIMULATION IN THE EXPERIMENTAL
DEVICE FOR INVESTIGATE THE VIBRATION REDUCTION OF GEAR
TRANSMISSION BY USING DAMPING PARTICLES

Tran Thi Thanh Hai
Truong Co khi, Dai hoc Bach khoa Ha Noi

TOM TAT

Bai bdo dwa ra giai phap tao tdi cho bé truyén banh rang trong thiét bi thiee nghiém khdo sat
danh huong cia hat giam chan dén sw giam rung dong cua bé truyén banh rang. Tai mo ) phong dang
mé-men can dwoc dat & dau ra truc bi dong cua bo truyen banh rang. B¢ tao tdi gom mot dong co
AC servo MDMAI25P1G va driver Panasonic MDDHVTS5540 vin hanh & ché dé mé-men. Dong
co dan dong va bo tao tai dwoc van hanh boi hé thé'ng diéu khién sir dung bo diéu khién ldp trinh
PLC Delta DPS-100S-24.

Tir khéa: Bé truyén banh rdang; Mé-men can; Péng co servo; PLC.
ABSTRACT

This paper presents a solution for creating the simulation of the gear transmission in
the experimental device to investigate the effect damping particles on the vibration reduction of
gear transmission. A simulated resistive torque load is applied to the gear transmission's driven
shaft output. The load generator consists of an MDMAI125P1G AC servo motor and a Panasonic
MDDHVT5540 driver operating in torque mode. The drive motor and load generator are operated
by a control system using a Delta DPS-1005-24 PLC programmable controller.

Keywords: Gear transmission, Resistive torque; Servo motor, PLC.

1. PAT VAN PE

B9 truyén banh rang 1a truyén dong co
khi duoc str dung rit rong rii trong may moc
thiét bi néi chung va céac thiét bi co khi trong
cong nghié€p noi riéng. Nhung sy rung dong bo
truyén banh rang 13 nhuoc diém c6 anh hudng
dén kha nang 1am viéc t6i wu cta thiét bi. Viéc

nghién ciru giam rung dong cua bo truyén banh
rang luon nhan dugc sy quan tam cua nguoi s
dung thiét bi va cac nha san xuat. Cac nghién
ctru thye nghiém va nghién ctru mo phong giam
rung dong cta bd truyén banh ring bang hat
giam chén 13 mot trong cac giai phap dé han
ché rung dong cuia bo truyén banh rang [1], [2],
[31, [4].
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Bai bao dua ra giai phap tao tai cho bd
truyén banh ring trong mot thiét bi thuc nghlem
khao sat anh hudng cua hat giam chan dén sy
giam rung dong cta bo truyén banh ring.

2. THIET BI THU'C NGHIEM

Hé théng thuc nghiém nghién ctru 6
c4u tao nhu nhu Hinh 1. B truyén banh ring
(7) gdbm banh riang chii dong va banh ring bi
dong duoc lap trén hai truc chi dong (6) va truc
bi dong (8). Hai truc cia cac banh rang dugc
dit trén hop banh ring (4) thong qua bdn 6 lan,
trong d6 c¢6 6 lan thir nhét (5) lap trén truc chii
dong. Bong co (2) c6 cong suit 1,5 KW hodc
5,5 KW dan dong cho hé banh ring thong qua
khop nbi (3) hodc bd truyén dai. Tai cia bo
truyén banh ring (9) duoc tao boi bo tao tai
su dung dong co servo véi md-men can dugc
dat & dau ra truc bi dong cua bo truyén banh
rang. Toan bd cac cum hop banh rang, dong co
dan dong va dong co servo dugc dat trén ban
may (1). H thdng diéu khién thiét bi bao gom
diéu khién dong co servo ctia bo tao tai va didu
khién toc do dong co dan dong. Rung dong cia
bo truyén banh ring duoc danh gia thong qua
cam bién gia toc dit tai cac 6 lan [5].

Mk b Pl B B Py
i ek B i

e e e e b Il b Wi
™

Hinh 1. So' do nguyén Iy thiét bi thuc nghiém

3.XAY DUNG HE THONG TAO TAI CHO
BO TRUYEN BANH RANG

Piéu khién dong co AC servo
MDMA 125P1G van hanh & ché do mo-men dé
tao mo-men can cho bo truyén banh ring nghién
ctru. Mot driver Panasonic MDDHVT5540 co
nhiém vu cap xung cho dong co Servo hoat
dong & ché d6 lam viéc khac nhau. Ché d6 diéu
khién mo-men c6 nghia 1a dong co AC Servo s&
tao ra mot lyc khong ddi phu thudc vao thong
s6 yéu cau str dung. Bién tin ABB-ACS355
cho phép diéu chinh toc do quay ciia dong co.
Pong co dan dong cho bo truyén banh ring va
dong co servo dugc van hanh boi hé théng diéu
khién str dung bd diéu khién lap trinh PLC Delta
DPS-100S-24. B¢ diéu khién servo c6 nhi¢m
vu nhén tin higu 1énh diéu khién (xung) tir PLC
va truyén 1énh dén dong co servo dé diéu khién
dong co servo hoat dong theo 1¢énh, d@)ng thoi
nhan tin hiéu phan hoi lién tuc vé vi tri va toc
dd hién tai cua dong co servo tur encoder. Tur
tin hiéu phan hdi vé, bo diéu khién servo sé so
sanh véi tin hiéu 1énh va dua ra diéu chinh phu
hop, dam bao dong co servo hoat dong dung
theo yéu cau. Hinh 2 13 so d6 nguyén 1y hoat
dong cua hé thong diéu khién thiét bi. Hinh 3
va Hinh 4 1a dong co servo, driver va PLC hé
théng tao tai.

| Bién nén

—: Bong co 3 pha |

- r ) .
M PLC — Dhiver
[ Chuomng trink DS AL Servo

Hinh 2. Nguyén Iy hoat dong ciia hé thong diéu khién

Hinh 3. Dong co servo va Driver
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Hinh 4. PLC Delta

Két ndi cac phan tir cua hé théng didu
khién theo nguyén 1y hoat dong cua hé thong
diéu khién nhan dugc hé théng diéu khién thuc
nhu Hinh 5.

B thn :i

Hinh 5. Nguyén Iy hoat déng ciia hé thong diéu khién

PLC s& giit vai tro diéu khién toan bo
thiét bi trong hé théng. Chuong trinh lap trinh
diéu khién PLC s dung ngén ngir lap trinh
lugc d6 hinh thang Ladder. Pé qua trinh thao
tic van van hanh thiét bi thuan tién va dé thuc
hién, chuong trinh diéu khién can c6 giao dién
phu hop dé thao tac truc tiép trén giao dién man
hinh méy khi tinh thay d6i cac thong s6 vé toc
do dong co va moé-men tai. Chuong trinh PLC
duogc 1ap trinh trén phin mém ISP Soft, phan
mém Kepware V6 luu cac bién nhd diéu khién

cac khdi 1énh trong chuong trinh PLC, phan
mém Visual Studio cho phép lya chon giao
dién chinh cho thiét bi theo yéu cau véan hanh.
Str dung ngdn ngir 1ap trinh C# dé lap trinh giao
dién diéu khién véi muyc dich thay doi cac bién
nhé trén PLC, tir d6 thay ddi thong sé dau vao
ctia khdi 1énh trén PLC [6]. Hinh 6 va Hinh 7 1a
mot doan chuong trinh PLC cac bién nh¢ cua
PLC.

+ -
Hinh 6. Mot dogn chwong trinh PLC

Tag Name Address Data Type Scan Rate Scaling
“rverter_Tor 40417 Word 100 None
M0 002049 Boolean 100 Nene
M1 002050 Boolean 100 Mane
“Mz 002051 Boolean 100 Mane
M3 002052 Boclean 100 Nerie
a4 002053 Boolean 10 Nane
s 002054 Boolean 100 Meang
“Mb 002055 Boolean 00 Nane
M7 002056 Boclean 100 Neni
“Mé 002057 Boolean 100 Nene
“Servg_Tor 404109 Word 100 Mane
“Vibration_Sensar 404401 Float 100 None

Hinh 7. Céc bién nhé ciia PLC

Nguyén 1y két ndi chuong trinh diéu
khién trén cdc phin mém nhu Hinh 8. Phan
mém Visual Studio thong qua giao dién s& thay
dbi cac bién nhd trén PLC dugc luu trén phan
mém Kepware dua trén nén taing OPC Server.
Céc bién s& duge xir Iy qua PLC va dua ra hé
thdng thiét bi.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023 131
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Kepware 1SPSoft

Hinh 8. Nguyén Iy két noi cdc phan mém

| Wisual studio | E—

=l
Hinh 9. Anh chup hé théng thiét bi thuc nghiém

Két ndi hé théng diéu khién vai thiét bi
thuc nghiém va két nbi cac chuwong trinh lap
trinh diéu khién 1ap trinh diéu khién c6 duoc hé
thong thiét bi thuc nghiém khao sat kha ning
giam rung dong cua bd truyén banh ring bang
hat giam chin va giao dién man hinh diéu khién
nhu Hinh 9 va Hinh 10.

I BUHNG €O KH
- o B0 TADTAL
YA EEEN T mal sy TAY e T L il Sl
B Lull
= Eewm e

Hinh 10. Giao dién man hinh diéu khién hé thong
4. KET LUAN

Nghién cuu thuc nghiém gidm rung
dong cua bo truyén banh ring bang hat giam
chan 1a mot trong cac giai phap quan trong dé
giam rung dong ciia bd truyén banh ring. Cac
cip banh ring an khdp trong céac thiét bi thuc
nghiém ciing can chiu tai dé diéu kién lam viéc
ctia bd truyén banh ring dap tmg gan véi didu
kién 1am viéc cua cac bo truyén banh ring trong
cac may moc trong thuc té cong nghiép.

Bai b4o dua ra giai phap tao tai cho bo
truyén banh ring trong thiét bi thuc nghiém
khao sat su giam rung dong ctia bo truyén banh
ring bang hat giam chan. Tai ctia bd truyén
banh rang duoc tao bdi mot dong co servo lép
v6i truc bi dong cua bd truyén banh ring hoat
dong theo ché 30 diéu khién mo-men dé tao
mo-men can. Bong co servo dugce diéu khién
bang PLC théng qua driver. Chuong trinh lap
trinh PLC duogc 18p trinh trén phﬁn mém ISP
Soft, giao dién man hinh diéu khién dugc thiét
1ap bang phan mém Visual Studio va phin mém
Kepware V6 két ndi chuong trinh diéu khién
PLC va chuong trinh giao dién diéu khién.
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Nghién ctru nay duoc tai trg boi Dé tai
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VAN PE GAY MON HONG BANH CONG TAC BOM LY TAM
VAN TAI DONG CHAT LONG CO HAT RAN

SOME CAUSES OF CORROSION THE IMPELLER OF CENTRIFUGAL PUMPS
USED TRANSPORTING FLUID WITH SOLID

ThS. Bui Minh Hoang
Truong Pai hoc Mé — Dia chét

TOM TAT

Nghién ciru Iy thuyét va thuwe nghiém vé mdy bom ly tdm van tai dong hon hop ran long cho
thdy quy dao chuyén dong cia hat ran va cia chat long mang hat la khéng tring nhau. Trong do,
quy dao cia cdc phan tir chdt long & ché dé lam viéc on dinh ciia bom thwong phit hop véi bién dang
canh dan dwoc thiét ké, con quy dao chuyén déng cia cdc hat ran thi léch khéi quy dao ciia dong

chdt long. P léch nay ciia qui dao phu thudc vao nhiéu yéu té khdc nhau.

Théng thwong, cdc chi tiét ciia mdy bom ly tdm vén tai dong hon hop ran léng bi mon héng
nhanh chong do tac dong va ddap va co xdt cua cac hat rdn vao thanh banh cong tdc, vo xodn va cdc

chi tiét ciia bom.
Tir khéa: Bom dong hon hop hai pha ran — long; Bom thdi xi; Bom hai pha.
ABSTRACT

Theoretical and experimental studies on centrifugal pumps for transporting solid-liquid
mixtures showed that the motion trajectories of solid particles and the liquid do not coincide. In
which, the trajectory of the liquid in the stable working mode of the pump is usually consistent with
the designed impeller profile, while the motion trajectory of the solid particles is deviated from the
trajectory of the liquid flow. This deviation depends on many different factors.

Normally, the components of mixed solid — liquid pump are been corrosive rapidly due
to the impact and rubbing of solid particles against the impeller walls, helical casing and pump

components.

Keywords: Two-phase flow pump; Mixed solid — liquid pump.
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1. GIOI THIEU

Thuc té str dung may bom dé bom thoat
nudc mo, bom cép liéu trong xuéng tuyén
khoéng, bom thai xi trong nha may nhiét di¢n,
khai thac khodng san bang strc nude hodc khai
thac va van tai vat liéu xay dung... cho th'fly,
dudi tac dong va dap va co xat cua cac hat ran
vao thanh banh cong tac, vo xodn va cac chi
tiét cia bom 1am cho cac chi tiét cia may bom
bi mon hong mot cach rat nhanh chong. Mot )
nghién ctru chi ra nguyén nhan mon hong chinh
la do sy va dap va bao mon cua cac hat ran vao
banh cong tac, vo xodn va cac chi tiét khac cua
bom.

2. VAN PE MON HONG BANH CONG
TAC CUABOM LY TAM KHI BOM DONG
CHAT LONG CO HAT RAN

Khi dong chay qua may bom c6 chtra
hat ran v&i thanh phén, né)ng do va kich thudc
khac nhau, dudi tdc dong va dap va co xat cua
cac hat rdn vao thanh banh cong tac, vo X04n
va cac chi tiét ciia bom lam cho cac chi tiét
clia may bom bi mon hong mét cach rat nhanh
chong. Céac cong trinh nghién cuu [1], [3] da
tong hop va phan tich tinh trang mon hong cia
cac may bom dang stir dung ¢ cac mo Vi¢t Nam,
trong d6 co6 chi ra nguyén nhan mon hong chinh
la do sy va dap va bao mon cua cac hat ran vao
banh cong tac, vo xoan va cac chi tiét khac cua
bom. Nhiing két qua nghién ctru trén cho thay
vi tri bi bao mon nghiém trong trén mép vao
canh, trén than canh va long méang canh dan,
trén vo xoan oc 1a rat khac nhau, tiy thudc vao
ba yéu t6 chinh cta thanh phan hat rin trong
dong hdn hop dugce bom, d6 1a ndng do hat rin
C, du(‘mg kinh hat ran D va khéi luong riéng
cua hat ran p._.

3. QUY PAO CHUYEN PONG CUA HAT
RAN TRONG MAY BOM LY TAM VA
ANH HUONG CUA NO PEN SU MON
HONG CAC CHI TIET MAY BOM

Nhitng nghién ctu 1y thuyét va thuc
nghiém [3], [4], [5] vé dong hai pha trong may
bom ly tim da cho thay quy dao chuyén dong
ctia hat ran va cua chit 1ong mang hat 1a khong
tring nhau. Quy dao ctia cic phan tir chét 1ong
& ché @6 1am viéc 6n dinh cua bom thuong phu
hop véi bién dang canh dan duogc thiét ké, con
quy dao chuyén dong cua cac hat ran thi 1éch
khoi qui dao cta dong chat 1ong. Do 1éch nay
ctia quy dao phy thudc vao nhiéu yéu t6 khac
nhau nhu néng dd hat, duong kinh hat, khéi
luong riéng cua hat, vi tri cia hat khi bat dau
vao canh din va s& thay doi ¢ ting vi tri doc
theo mang canh din banh cong tac va mang
xo0in dc.

Hinh 2. Phdn b6 véc to vin toc ciia chat long va
cua hat trong banh cong tac [4]
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Trén cac Hinh 1 va Hinh 2 chi rd hinh
anh chuyén dong tuong ddi va tuyét ddi cua hat
rin trong banh cong tac va sy phan b cac véc
to van toc cua hat ran sai khac voi van téc phan

ttr chét long. Chinh sy sai khac gitra tdc do cua
hat rén va cta phan tur chat 1ong ma sinh ra su
truot gura hai pha rin — 10ng, dong thoi gay
t6n that nang lugng va giam hiéu suat ctia may.
Diéu quan trong & day chinh 1a do sy sai léch
giita quy dao chuyén dong cia hat rin so voi
bién dang canh din va thanh mang canh din
ma gy nén sy va ddp cua hat vao banh cong
tac gy 10, v3 va bao mon bé mit banh cong tac
[4]. Vi vdy, nhiém vu thiét ké 13 phai Iya chon
cac thong sb ciu tao clia banh cong tac va xay
dung bién dang canh va mang canh dan banh
cong tac cho phu hop, han ché mirc d6 mon
hong cac chi tiét may bom. Dé thuc hién dugc

a. Trong banh cong tac:
- Theo phuong hudng kinh:

w dwns+ﬁw dw, g _
TE dr Ps =F o dr

(K K, )rmz—Zm(Kw —K

L8 Pog

didu do, ta phai tinh toan va xay dung dugc quy
dao chuyén dong cua hat ran trong banh cong
tac va trong vo xodn cua may bom. Cac cong
trinh nghién ctru vé may bom ly tam khi bom
dong mang hat rin [1], [5], dd khao sat chuyén
dong cua hat ran trong mang dan banh cong tac
va trong vo xoan ¢ ciia mot may bom ly tam.
Khi d6, cac hat ran chiu tac dong cua céc luc
nhu: trong lyc, céc lyc ly tdm do chuyén dong
quay tron ciia banh cong tac va chuyén dong
vong cua hat trén quy dao, luc quan tinh, ap luc
va lyc day Acsimet. Trén co s& mot s6 gia thiét
vé dong chay Newton va 6n dinh, bd qua mot
s6 lyc khac, cac két qua nghién ciru trén da dua
ra cac phuong trinh vi phan chuyén dong cua
hat rin trong banh cong tac va trong mang xoan
dc nhu sau [2]:

1 | 2 2
u,F) + I:'_S (Kwu,s_'.‘| wr,S + quS -

— I
PF [ ur2 2 |
—K_ —w woo+w )+B&w —
P pg UaFﬁJ r.F u,F 3y r.F

- Theo huéng téc do vong:

dw, ,
W‘?"ﬁ d,r

PR 1
—K ] ~ L kw
v ps JF pg e

Wﬂ_‘a‘) t [WmF

=2w (Kw?,

I
+ Bw|| [:w,,,F

wr,S) + [:wu,F -

L
ps T dr
—_—
| 2 PE
wi.t+twi. — K
_\JI .S u.5 ¥ pg .rr',F'_\II

2 1
wu,S) [wr,F_wr,S) ( )

dw, ¢

2)

Wu,_‘o')‘ (Wyr — Wys)

Trong do, hé s6 K, Kp va dai luong B dugc tinh theo cac cong thire sau:

K =1+ 2%

1l—ey

3) &
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3_Gu e
4dg{l-cy) pg

Trong do:

“4)

)

w, W : 1a cac thanh phéan van toc twong do6i cua hat rdn chi€u trén phuong hudng kinh va

phuong hudng vong;
C,: hé s0 strc can;

Chi s6 F cho chét 16ng (Fluid), chi s6 S cho hat rin (Solid), chi sé M cho hdn hop chira hat

ran (Mixture).
b. Trong buﬁng xoin oc din hwéng ra:

- Theo phuong hudng kinh:

PE) CRE _ o CuF _x PE

(k- Kpps) 2% (Key.—K Pscu;)+
I

PM(KC c2etely —K —Fcuf CEJF+C5’F)+

BJ(_CV',F - c?',f-')z + (cu..F - EM)Z(EF,F - c-r',_‘.':]

- Theo huéng toc d6 vong:
de _Pr de, ¢

WS
Crs dr,, CrF ri'r

CuF ||
_z::x(Kc Kpps TM(KC clotcio— cﬂF c££+c§£)+

+ BJ(C'?',F - c'r',.‘-')z + (cﬂ,F - cu,.‘-') (CH,F - cu,.‘-':]

(6)

voir, la ban kinh tinh dén cdc diém trén bién dang v6 xoan oc dan hudng ra cua may bom.

Céc hé phuong trinh vi phan néi trén 13 cac phuong trinh khong tuyén tinh. Co thé ding
phuong phép giai gan dung cac hé phuong trinh vi phan nay dé tim duoc cac thanh phan tdc do cua
hat ran trong mang dan canh banh cong tac va trong vo xoan dc dan hudng ra cta bom, ciing c6
nghia la tim dugc quy dao chuyén dong cua hat nho vi¢e xac dinh goc do gitra cac véc to van tde

theo phuong hudng kinh va huéng vong g vai tung gia tri ban kinh trén duong di cua hat.
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3. KET QUA TiNH TOAN

a. M6 hinh tinh toan 1a bom ly tim mét cip,
canh tru véi cac thong so thiét ké nhu sau: luu
lgong Q =200 m’h, c6t 4p H = 54 mH O, va
toc do quay n = 1450 v/phut.

b. Két qua mé phéng quy dao va van tdc
chuyén dong cua hat rin (c6 dudng kinh thay
dbi tir 2+8mm) trong budng xoin bom nhu
hinh 3, 4. Tir 40, cho théy:

+ Khi duong kinh hat cang 16n thi goc
6m quy dao chuyén dong tuong ddi cua hat
cang 16n, do d6 hat cang sém va dap vao bé
mit canh dan va bao mon canh dan trén sudt
chiéu dai tir vi tri va dap dén mép ra cta canh.

+ Vi tri ctia hat & diém bat dau vao canh
banh cong tac cling s& anh huong dén vi tri bat
dau va dap cua hat vao bé mit canh banh cong
tac, cling c6 nghia 13 anh hudng dén dién tich bi
bao mon trén canh dan.

S 5 .
oY o Yo ¥ o

- ® R R @
' " & i

Hat rin = dy=dmm Hat rbn = dzdenm Hat rbn = d,2fmm Hat rlln = d=Bmm

Hinh 3. Phdn bé vin téc hat rdn trong buong xodn
bom khi thay doi dwong kinh hat ran

Hat rn = d;=2mm Hat rbn = dy=dmm Hat rin = d=Gmm

Hat rin = d,=Bmm

Hinh 4. Quy dao chuyén dong hat rdn trong buong
xodn bom
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NG DUNG THUAT TOAN DI TRUYEN CAI TIEN TRONG THIET KE
TOI WU HE THONG PHAN PHOI NU'OC

AN IMPROVED GENETIC ALGORITHM FOR DESIGN OPTIMAZATION OF
WATER DISTRIBUTION NETWORK

Vii Pirc Quyén
Hoc vién K¥ thuat Quan su

TOM TAT

T6i wu thiét ké la bai todn quan trong trong viéc t6i wu chlphl xay dung ciing nhu dam bao
hiéu qua khai thac su dung hé thong phan phoz miee. Co rat nhiéu phwong phdp va thudt todn da
duwoc phat trién, sir dung va dwoc kiém tra bang cdac mé hinh chudn. Bai bdo nay dp dung thudt todn
di truyen cdi tién trén cong cu Epanet-Matlab dé giam thiéu chi phi gid thanh ciia hé théng, trong
khi van dam bao dwoc cac yéu cau rang buoc khac.

Tir khéa: Mang lu6i phdan phéi nuée; Toi wu héa; Thudt todn di truyén cdi tién; Matlab;
Epanet.

ABSTRACT

Design optimization is an important problem in optimizing construction costs as well as
ensuring efficient exploitation and use of water distribution systems. There are many methods and
algorithms that have been developed and used and tested using standard models. This paper applies
an improved genetic algorithm on the Epanet-Matlab tool to reduce the cost of the system while

ensuring other constraints.

Keywords: Water distribution network,; Optimzation, Improved genetic algorithm; Matlab;

Epanet.

1. PAT VAN PE

Van @& toi vu hoa mang ludi phan phdi
nude 1la mot trong nhiing bai toan quan trong
trong vin dé quan ly va si dung tai nguyén
trong diéu kién bién d6i khi hau va khan hiém
tai nguyén hién nay. Chi phi x4y dung mang
ludi chiém khoang 70% tong chi phi xdy dung
toan b hé thdng cip nudc [1]. Do do, mot
phuong an dé xuat dé giam chi phi hé thong
1a chon kich thuéc duong dng thich hop ban

san trén thi truong dé giam thiéu chi phi cua
mang nhd nhat ma van dap g dugc cac yéu
cau thuy lyc nhu &p lyc va van toc dong chay

2]

Nhiéu thuat toan téi uu da duoc phat
trién trong nhimg thap nién gan day dé giai
quyét van dé nay (Bhave 2003). Trong dé, cac
k¥ thuat tién hoa nhu thuat toan di truyén (GA)
(Dandy va cac cong su 1996; Savic va Walters
1997; Wu va Simpson 2001; Vairavamoorthy
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va Ali 2000, 2005), thuat toan toi uu hoa bay
dan va lai ghép Sedki va Ouaza, v.v... da dugc
nhiéu tac gia st dung thanh cong trong giai
quyét vin dé nay. Thuét toan di truyén tim kiém
khong glan giai phéap bang cach tao mot quan
thé ban dau, tic 1a sd luong giai phap trong
khong gian tim kiém, chon chung trong qua
trinh tién hoa tiép theo tuy theo murc do phu
hop cua chung va lai ghép ching bang cac co
ché nhat dinh. Qua trinh lya chon, danh gia va
két hop nay tiép tuc cho dén khi khong quan sat
thdy sy cai thién nao nita vé mutrc do phu hop;
hodc mot s6 thé hé cu thé da dat dugc.

Trong bai bao nay, chung toi s€ trinh
bay mot thuat toan di truyén cai tién tmg dung
trén cong cu Matlab-Epanet dé tinh toan thuy
luc va thiét ké t6i wu mang ludi phan phdi nudc
va so sanh két qua thu dugc véi cac cong trinh
da cong bd trude do khi thir nghiém voi mang
Ha Nai [3].

2. THIET KE TOI UU HE THONG PHAN
PHOI NUGC

2.1. M6 hinh bai toan thiét ké toi wu hé thong
nwoc

Bai toan thiét ké t6i vu mang ludi phan
phéi nude co thé duogc biéu dién & dang toan
hoc theo chidu dai ong va gia thanh éng nhu
sau [4]:

Ham muc tiéu:

minC:minif(Di,Li) (1)

i=1
Trong d6: N 12 s lugng dng trong mang,
f(D, L)) 1a chi phi doan ong thir i c6 duong kinh
D, va chiéu dai L.

H¢ thong phai thoa man céac yéu cau sau:

2.0.->.0.=0, )
Sh -3 E =0 3)
H,2H™; j=1,..M (4)
Vin <V, <Visj =1uM (5)
D,eD (6)

Véi: Q_ 1a luu lugng vao nat; Q_1a luu
luong ra, Q la luu luwong ti€u thy tai nut; h,
1a ton that ap luc theo Hazen-Williams hoac
Darcy -Weisbach,; E la nang luong bom cung
cap vao mang; H, la ap lyc nat tai _], Hmm la ap
luc yéu cau tbi thleu tai j; M 1a so hIO’ng nut
trong mang ludi; D 1a mot bo cac kich thudc
duong 6ng thuong mai tiéu chuan co san trén
thi truong.

2.2. Thuit toan di truyén

Thuat toan di truyén 1a mot chudi cac
thuat toan mo phong tién hoéa dugc dé xuit boi
Holland va cac cong su (1975), sau do duoc
tong két boi DeJong, Goldberg va cac hoc gia
khéc. Luu d6 thuat toan dugc dua ra trén Hinh
1. Khi xdy dung bai toan sir dung céc biéu
thl’Ic tr (1) t6i (6), modi nghiém hay mdi nhiém
sdc thé (NST) trong di tmyen la mot bo cua N
duong dng va co thé duoc biéu dién bang mot
ma nhi phan.

‘ Khai tao quén thé ban diu

|

Tao thé hé con trong mdi |
thé hé
e Khéng
l dat
Gir lai cdc ¢a thé 1ot trong Gi trj 16m nhit ma quén
mbi quz'"m thé thé dat duge

l Bat

Thé hién két qua tot nhat
trong cic qu::in thé

Hinh 1. Cdu triic ciia thudt todn di truyén
truyén thong
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Céc nghiém s€ dugc tinh toan thuy luc
va dua ra danh gia vé gia thanh dau tu va chi
phi phat dya trén cic vi pham vé rang budc.
Céc ca thé tot nhat s& duoc lua chon dé xay
dung quén thé méi. Qua trinh lya chon dugc
xac dinh bang xéc suat lira chon p,- Sau do, mot
sO ca the s€ dugc thyc hién lai ghep theo mot
xéc suét lai p, xac dinh truéc cho moi cap cha
me luya chon & bude trude d6. Xac suat nay co
thé thay doi tir 0.6 t6i 1.0 [5, 6]. Pdi véi lai
ghép mot diém, diém lua chon dugc chon ngﬁu
nhién trong nhiém sac thé ciia cha me va céac
bit sau d6 s& duoc trao doi. Dot bién ciing xay
ra theo quy trinh twong tu véi xac suat dot bién
p,, cho mdi bit cua cac ca thé thu dLroc khi lai
ghep. Quan thé mai dugc danh gia vé chi phi va
kiém tra vi pham céc rang budc. Qua trinh dugc
thuc hién trong nhiéu thé hé va luu lai cac ciu
hinh mang tdt nhét qua mdi thé hé. Nhu vay,
két qua cudi cung sé& 1a cau hinh mang co gia
thanh ré nhat.

2.3. Thuit toan di truyén cai tién

Nhom tac gid dua ra mo hinh thuat toan
di truyén cai tién méi dé cai thién qua trinh lai
ghép don diém va dot bién Ham muc ti€u s¢€
dugc st dung lam chi sd cho diém lai ghep,
va cac diém lai ghép cua toan bd nhidm sic
thé duoc duyét qua dé nang cao hiéu qua tim
kiém nghi¢m tdt nhat. So dd thuat toan cua hai
phuong phép nay duoc dua ra trén Hinh 2.

Lol ghép 1 dm tai Vi i
Chig = fathe (D], mother[iend] ez

Tk hd m mye 1o cument_sost

! —;—|
_— Camem_asi< -l Teostngunnbn x|

] ouss Sai
rm <P >

3 ey —
Eest_cost = current_oost: —

Ding

Best_chid =Child:

Biobh thiri

Hinh 2. Lueu do thudt todn lai ghép cdi tién (a) va
dot bién cdi tién (b)

2.3.1. Lai ghép cdi tién

Diém lai ghép don cia GA duoc tao
thong qua mot vi tri ngdu nhién trong chiéu dai
nhiém séc thé cta bd me. Dé cai thién qué trinh
nay, nhom tac gia dé xuat lai ghép ting gen
trong nhiém séc thé cta cha va me, tinh toan
mirc d6 phu hop va chon ca thé t6t nhat. Cac
thir nghiém cho thay qué trinh nay c6 thé giam
sb lan lap va tang do hoi tu cua nghiém.

2.3.2. Pét bién cdi tién

Thuat toan GA thong thuong dat mot ty
1¢ dot bién twong ddi 16m, va chi dot bién mot
gen trong nhiém sic thé ctia ca thé con khi sd
tao ngéu nhién nho hon ty 1€ dot bién. Dot bién
cai tién dat mot ty 18 dot bién nho va sau d6 dot
bién mot cach lua chon mdi gen trong nhiém
sdc thé cia cac ca thé con. Diéu nay dam bao
ntra dau cua gen va nira sau cua gen ¢ co hoi
d6t bién nhu nhau va c6 kha nang dot bién ciing
lac va lam ting mirc d6 da dang ciing nhu d6 6n
dinh ctia quan thé. Trong truong hop 6n dinh tai
diém t6i wu cuc bo, no s& giup cho kha nang tim
kiém toan cuc.

3. PANH GIA MO HINH

Hiéu suét ciia md hinh dua trén thuét
toan GA cai tién duoc phat trién tmg dung trong
t61 wu hoa mang ludi nude duge danh gia thong
qua nghién ctru dién hinh 1a mang Ha Noi [3].

3.1. Giéi thi¢u mang Ha Noi

Mang Ha Noi gdm 1 ho chira cung cép
cho 32 nut véi 34 duong 6ng duoc lua chon
tor 6 kich c¢& duong kinh co san. Mang dugc
cAu thanh tir 3 vong v6i hé sé Hazen-Williams
clia tat ca cac dng duoc gia dinh 13 giéng nhau
va déu bang 130. B) tri cua mang dugc dua ra
trong Hinh 3.
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Hinh 3. Mang luéi phdan phéi nuée Ha Ngi
Do cao cua tat ca cac nut 1a Om, hd chira
c6 do cao 100m. Chiéu dai duong ong va gia

theo duong kinh 6ng trong Bang 1 va 2.

Bdng 1. Chiéu dai cdc doan dng trong mang Ha Néi

Ong | Chiéu | Ong | Chiéu | Ong| Chiéu
dai (m) dai (m) dai (m)
1 100 13 800 25 1300
2 1350 14 500 26 850
3 900 15 550 27 300
4 1150 16 2730 28 750
5 1450 17 1750 29 1500
6 450 18 800 30 2000
7 850 19 400 31 1600
8 850 20 2200 32 150
9 850 21 1500 33 860
10 950 22 500 34 950
11 1200 23 2650 - -
12 3500 24 1230 - -

Khong gian gidi phdp cua mang tuong
d6i 16m (6% = 2,87 x 10%). Thuat toan duoc kiém
chung trén Matlab va bd cong cu Epanet véi
s0 luong quan thé 1a 1000 va s6 thé hé khong
qua 100, yéu cau thoa man ap luc cho mdi nat
khong duéi 30 va so sanh véi cac két qua hién
thoi cua Fujiwara va Khang, 1990; Savic va
Walters, 1997; Vairavamoorthy va Ali, 2000;
Neelakanta va Suribabu, 2006; Cunha va Sousa,

1999; Abede va Solomatine, 1998; Liong va

Atiquzzaman, 2004.

Bdng 2. Chi phi cho tirg kich c& diong ong

T Puong kinh Duong Chi phi
(inch) kinh (mm) ($/m)
1 12 304,8 45,73
2 16 406,4 70,4
3 20 508 98,38
4 24 609,6 129,33
5 30 762 180,75
6 40 1016 278,28

Két qua tét nhét dat dugc trong cac lan
chay 12 4.849.215,60 $. Qua trinh hoi tu cta két
qua t6i uu nay duoc trinh bay trong Hinh 4. Cac
gia tri duong kinh twong ng véi chi phi thap
nhat cho mang duoc dua ra trong Bang 3.

8 107 Téi wu théng qua GA ci tién

= -
—

Chi phi ($)
i

1 ¥

o -
] 50 100
Thié hé

Hinh 4. Qud trinh hoi tu ciia ham chi phi toi wu
trong mang Ha Noji

Trong bang 5, khi cac chi phi von dugc
xem xét, két qua ctia Cunha va Sousa (1999) va
Savic va Walters (1997) 1a nho hon so véi céac
nghién ctru khac. Tuy nhién, khi hé thong nay
dugc mo phong thuy luc bfmg Epanet, thi mot
s6 vi pham ap lyc xuat hién, khong dat v6i gia
tri 4p sudt nho nhat tai cac nat 1a 30. C6 thé thay
phuong phap nghién ctru nay 1a tot nhat trong
s6 cac két qua nghién ctru véi gia thanh nho
nhét so véi hién nay khong chi vé gia thanh ma
ca vé ap luc nut.
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Bdng 3. Két qua gid tri dwong kinh t6i wu

Ong Puwong kinh (mm) Ong Pwong kinh (mm) Ong Pwong kinh (mm)
1 1016 13 304.8 25 406.4
2 1016 14 304.8 26 304.8
3 762 15 304.8 27 406.4
4 1016 16 508 28 508
5 762 17 609.6 29 406.4
6 762 18 609.6 30 406.4
7 762 19 609.6 31 304.8
8 762 20 762 32 304.8
9 762 21 406.4 33 304.8
10 609.6 22 304.8 34 508.8
11 609.6 23 762 - -
12 508.8 24 508 - -
Bdng 4. So sanh két qua giira cac nghién ciru
Savic & Cunha & Abebe & Liong & | Neelakantan | Nghién ctru
Walters Sousa Solomatin | Atiquzzama | & Suribabu nay
Tong (tr.$) 6.07 6.05 7.00 6.22 6.08 4.849
minP 29.73 29.66 30.23 30.05 30.01 30.8305
4. KET LUAN Tai li¢u tham khio:

Bai bdo nay dua ra mdt ky thuat di
truyén cai tién méi trong giai doan lai ghép va
dot bién dé toi wu gia thanh mang ludi phan
phéi nude. Hiu suit cia md hinh dugce danh
gi4 thong qua nghién ciru dién hinh hé thong
phan phdi nude tiéu chudn 12 mang luéi Ha Noi
trén by cong cu Matlab-Epanet. Qua so sanh
v6i cac nghién cuu hién nay, giai phap nay dua
ra ciu hinh mang ludi khong chi ¢6 gid tri thiy
luc tot nhat (30.8376) ma con co gia thanh nho
nhat 12 4.849.215,60 $, tot nhat so v6i hién nay.
Diéu nay thé hién kha ning tmg dung cao cia
phuong phéap nay trong céac thiét ké t6i wu mang
ludi phan phéi nude. <

Ngay nhan bai: 25/7/2023
Ngay phan bién: 20/8/2023
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NGHIEN CU’U THIET KE TOI UU KET CAU AN TOAN
LAT NGHIENGO TO KHACH GHE NGOI UNIVERSE TREN CO' SO
TIEU CHUAN AN TOAN CHAU AU ECE R66

RESEARCH THE OPTIMAL DESIGN OF THE ROLLOVER SAFETY
STRUCTURE OF THE COACH WITH UNIVERSE SEAT
BASED ON EUROPEAN SAFETY STANDARDS ECE R66

ThS. Pham Hong Thao!, ThS. Pham Tao?, ThS. Lé Vin Thoai!
'Truong Pai hoc Nguyén Tat Thanh
*Truong Dai hoc Nha Trang

TOM TAT

Muc dich chinh cua nghién cuu nay la vng dung ky thudt may tinh (CAE) xay dung mo hinh
phan tir hitu han xe khéach ghé ngoi Universe. Sau dé mé phong phan tich 6 cirng khung xwong
ban dau ciia mé hinh theo tiéu chudn an toan It nghiéng chdu Au ECE R66. Két qua dg cimg, khoi
leong khung xwrong ban dau I6n. Tién hanh giam bé day theo cdch truyén thong dé khung xwong
bién dang cham dén khéng gian an toan, lam giam khoi heong khung xwong xe khach. Tiép tuc cdi
tién bang viéc thay doi thiét ké vé két cau khung xwong & nhitng vi tri anh hieong dén bién dang. Két
qua cdi tién cho thdy khoi lwong giam thém 5%. Tuy nhién, phwong phdp cdi tién nay chiea thit sy
16i wu. Théng qua bai todn t6i weu, tién hanh thiét ké thwe nghiém mé phong dwa ra phwong trinh hoi
quy thuc nghiém bang SPSS. Sir dung gidi thudt di truyén GA trong Matlab dé gidi phwong trinh
hoi quy thuc nghiém. Két qua dat duoc la téng khoi lwong cac bién duoc chon giam 18.5% so voi
trueée khi toi wu.

T khéa: An toan It nghiéng; Khoi lwong khung xwong; Thiét ké thire nghiém; Téi wu hoa.

ABSTRACT

Technical topics computer applications (CAE) modeling finite element of the coach with
universe seat. The simulation analysis of initial stiffness of skeletal models safety standard ECE
R66 European tilt. As a result of hardness, the initial volume larger skeleton. Conduct a thickness
reduction in the traditional way to skeletal deformation reaches a safe space, and reduce the volume
of the passenger car frame. Continuing improvements by changing the design of the structural
skeleton in positions affecting deformation. Results showed improved volumes decreased by 5%.
However, this improved method is not really optimal. Through optimization problems, conduct
simulation experimental design given empirical regression equation by SPSS. Using genetic
algorithms in Matlab GA to the empirical regression equation. Results were achieved as the total
volume of the selected variables decreased by 18.5% compared to the prior optimization.

Keywords: Rollover safety; The volume of the passenger car frame, Experimental design;
Optimization.
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1. PAT VAN PE

Tai nan xe buyt 1 tai nan thuong xuyén
xay ra trén toan thé gigi. O chau Au, 150000
ngudi bi throng va 150 ngudi chét mdi nam
d6i voi tai nan xe buyt nay [1]. Tai My, trong
nam 2004, Cuc Quan ly An toan Giao thong
Qudc gia bao cdo ude tinh c¢6 khoang 16000
chan thuong va tir vong trong tai nan xe buyt,
trong sd ndy, hon mot nira cac trudng hop tur
vong xdy ra trong tai nan nay khong lién quan
dén va cham [2].

Tac gia Tomas Wayhs Tech [3] da su
dung phin mém LS-Dyna dé tién hanh mé
phong tinh an toan két cdu khung xwong 6 t6
khach duéi diéu kién 14t nghiéng, dua trén két
qua mod phong tién hanh phan tich va dua ra
phuong an thiét ké cai tién nham thoa man theo
yéu cau tiéu chuan quy dinh, chua thuc hién t6i
vu hoa két cau.

Tac gia Yu Cheng Lin [4] sir dung phan
mém Hypermesh 7.0 dé xdy dung mo hinh
phan tir hitu han cho mot doan xe, sau d6 dung
phan mém LS-Dyna 970 dé phan tich két qua
mo phong 1at nghiéng. Tac gia tién hanh so
sanh két qua thi nghiém va két qua mo phong,
tién hanh diéu chinh mé hinh phan tt hiru han
va cac thong sb k¥ thuat cho dén khi két qua mo
phong va thi nghiém gan bang nhau, chua tbi
uu hoa két cau.

Trong nghién ctru nay, tac gia su dung
phan mém Hypermesh dé chia luéi mé hinh va
mo phong an toan két cau khung xuong 6 to
khéch khi xay ra va cham 1at nghiéng, dua trén
két qua mo phong tién hanh phén tich va cai
tién mé hinh thoa man diéu kién an toan theo
tiéu chudn, sau do6 tién hanh t6i vu hoa két cau
khung xwong va so sanh két qua trudc va sau
khi t6i wu héa.

2. NOI DUNG NGHIEN CUU

2.1. Khong gian an toan theo tiéu chuén
ECE R66

Tiéu chuan ECE R66 [5] (Economic
Commission of Erope, Regulation 66) thuc
hién nghién ctru an toan két cau khung xuong
dudi diéu kién 1at nghiéng quy dinh:

- Su chuyén vi bat ky b phan nao cua
khung xuong khong dugc xam pham vao khong
gian an toan.

- Bat ky bo phan ndo trong khong gian
an toan déu khong cho phép 161 ra bén ngoai két
ciu khung xwong sau khi bién dang.

- Khoang céach giita mit phang 1at va
mat phéng va cham la 800 mm, xe ding yén
trén mat phang 1at, nghiéng mit phang nay véi
van toc goc khong qua 0.087 (rad/ms) cho dén
khi xe bat dau 1at d6. Van tdc goc khi 1at ban
dau o, = 0 (rad/ms).

Hinh 2. Khéng gian an toan theo mdt cat doc
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2.2. Xay dung mo6 hinh nghién ciru

Ti ban v& CAD 2D do nha san xuét
Tracomeco cung céap, sit dung phan mém
ThinkDesign dé thiét ké mé hinh 3D, sau do6
dua vao méi trudng Hypermesh dé chia ludi va
chinh stra lué6i dbi tuong. Viéc chon kiéu ludi
va kich thu6c luéi rat quan trong c6 anh hudng
rit 16n dén két qua mo phong, dé han ché sé
ludi 16i va mat mat nang luong trong qué trinh
md phong, trong nghién ctru ndy ta chon kiéu
ludi vudng, kich thude (10 x10) mm cho toan
bd mo hinh.

Hinh 3. Truée va sau khi chia hedi doi twong

Pé dam bao cho két qua mo phong dugc
chinh xdac thi toan bd ludi md hinh phai duoc
lién két chat ché v6i nhau bang phuong phap
han ludi, dam bao sy gan két giita cac chi tiét
md hinh khung xuong, chassis va clu xe, ciu
xe va mam xe duoc lién két bang phuwong phap
Contrained Extra Nodes Option.

Hinh 4. Truée va sau khi han két cau cho mé hinh

2.3. Thiét ké mé hinh lat nghiéng, tao vat
li€u va gan di€u kién bién theo tiéu chuan

Thiét ké mé hinh lit nghiéng theo tiéu
chuan:

bat xe lén mat phﬁng lat cach mat phﬁng
va cham 800 (mm), lic nay trong tdm xe tai vi
tri G, nghiéng mit phang nay tir tir v6i van tdc
goc khong qua 0.087 (rad/ms) dén goc nghiéng
gidi han duoc tinh bang 40°9°, luc nay mé hinh
tu 1at d6 nho tac dong cua trong lyc tai vi tri
trong tdm G’ khong van téc goc ban dau hay
o, = 0 (rad/ms), van tbc gécl giq téng; tur tr cho
dén khi qua trinh va cham bat dau dién ra tai vi
tri trong tam G”. Trong m hinh nay, van toc
goc khi xay ra va cham duoc tinh bang 0.00206
(rad/ms), xoay quanh mot truc va chiu tac dung
cua trong luc, khdi lugng toan tai cia moé hinh
dugc tinh toan tdi da 1a 11400 kg.

B =arc % |=arc 1850 )_ 40°9'
2h, 2.1096

e \/Mgaj -hy) _ \/m%gah

+/2.11400 = 0.00981 = 751
— = 2.06 *® 10_3

w

3.96 = 1010

Hinh 5. M6 hinh It nghiéng theo tiéu chudn
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Thiét ké khéong gian an toan theo tiéu
chudn:

Tur kich thudc quy dinh vé khong gian
an toan theo ti€u chuan, ta st dung phan mém
Hypermesh d¢ thiét ké khong gian an toan.

' VAV r Az VAV
. ._

Hinh 6. Khong gian an toan

Tao vat liéu, thugc tinh va gan diéu
kién bién cho mé hinh:

Trong nghién ctru nay, két ciu khung
xuong su dung thép Q235, chassis sir dung thép
Q345, mat phéng lat va mat phﬁng va cham su
dung vt liéu cing dé mo phong, thudc tinh vat
liéu thé hién trong Béang 1.

Badng 1. Thuoc tinh vat ligu [6]

Khdi Ung
Mo dun N % lwong suat
A s A | HEsO . iy
Tén | dan hoi Poi.s son  Ticng gioi
(Gpa) (Kg/ han

mm®) | (Mpa)
Q235 210 0.3 7.85*%10¢ | 235
Q345 210 0.3 7.85*%10¢ | 235

Tao phwong tac dung cua trong luc:

Str dung Load — Body — Y, tao tiép
xuc cho ca xe voi mat phéng va cham st dung

Surface To Surface dé thiét 1ap. Sau khi tao
vat liéu, thudc tinh va géan diéu kién bién, ta
tién hanh dit cac bo phan khéi lugng nhu hanh
khach, hanh 1y, thing nhién liéu, ic quy,... 1én
md hinh (Hinh 7).

Hinh 7. Dt khoi lwong lén mé hinh

2.4. M phéng, hién thi va phan tich két qua
mé phoéng mé hinh khung xwong ban dau

St dung phin mém LS-Dyna dé tién
hanh mo phong va phan mém Hyperview dé
hién thi va phan tich két qua mé phong méd
hinh khung xwong ban dau dudi diéu kién 1at
nghiéng.

Hinh 8. Két qua mé phong mé hinh khung xirong
ban dau

Sau khi hién thj két qua trong Hyperview
(Hinh 8), mo6 hinh khung xuong khi xay ra va
cham 14t nghiéng hau nhu khong bién dang,
chimg t6 khung xuong du bén, lam khoang
cach D 16n (tinh tir khong gian an toan dén vi
tri than trén).
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2.5. Giam bé day theo cach truyén théng Két qua giam khéi lugng thém 5% so
va cai tien m6 hinh khung xwong theo tiéu véi trudce khi cai tien (Hinh 12), giam tur 3057
chuan an toan 13t nghiéng ECE R66 kg xudng con 2918 kg.

Sau khi gidm kich thudc theo cach
truyén thong, dé khung xuong bién dang cham
dén khong gian an toan (Hinh 9).

- 3 B = Bl OORY
L - (L)) -
| Aiidl

- r

Hinh 12. Khoi leong sau khl cdi tién

2.6. T6i wu héa két cAu khung xwong

Hinh 9. Két qua sau khi giam bé day o z. B
2.6.1. Chon bién lwgng toi wu hoa
Khéi lugng khung xuong giam tir 3270

ke xubng 3057 ke (Hinh 10). Duya vao két qué mo phdng, tien hanh

chon cic bién thiét ké twong lmg v6o1 nhiing
thanh ma & d6 tap trung u’ng suét Va bién dang
16n nhat dé t6i uwu hoa bé day két cdu sao cho
dat yéu cau vé tong khdi lugng. Cac thanh sau
khi t0i wu nhé hon truée khi toi uu ma van
khong bi xam pham khong gian an toan D theo
Hinh 13.

ey W T — (—— —
— e . e S S et St

Hinh 10. Khoi heong khung sau khi giam bé day
theo cdch truyén thong.

ﬁ=;;;‘;;=;==

Tién hanh cai tién két cau & nhiing vi _ L_J_ﬂgﬂym
tri xung yeéu anh hudng dén bién dang va gia
cuong thém miéng op dang tam nhu Hinh 11.

Hinh 13. Chon bién thiét ké t6i wu

- Bién X, gdm 08 thanh dtng clia mang
bén hong trai va phai;

-Bién X, gdm 12 thanh cong hinh chit C
0 mang ndc cua xe;

- Bién X, gém 04 thanh ¢ dudi méang
hong bén trai va bén phai;
- - Bién X, gém 04 thanh dimg & méang
Hinh 11. Cdi tién két cau khung xwong ban ddu dudi xe va dau xe;
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- D, lakhodng cach tir thanh ding gia cb
phia trudc cua hong trdi, hong phai voi khong
gian an toan;

, - D, 1a khoang céch tir thanh ding gia
c0 phia sau ctua hong phai, hong trai voi khong
gian an toan.

Bién thi€t ké: y = (x,X,,X,.X,)

min F(y) =Y M
j=1

biéu kién:
D,>0,D,>0
2<x,X,X,<4.5; 3.5<x,<6

Trong do:
- F(y) 12 ham s6 muc tiéu;
- n_la toan b co s6 két cau toi wu hoa;
=My 1a trong lugng cac cum thanh két
cau toi uu hoéa thi j;
- x 1a bé day cua thép hop tinh theo
milimet.

Trong thi nghiém md phéng nay cod
téng cong 04 bién lugng, vi vay chon thiét ké
thi nghi¢m dong déu U *(6*) v6i 06 thi nghigm
duoc tién hanh.

Véi cac gia tri nho nhét va 1on nhét cia
04 bién, thi chia moi bién thanh 06 gié tri duoc
thé hién trong Bang 2.

Badng 2. Cac cap do cua biéen

N?g n X, (mm) | x, (mm) | X, (mm) | X, (mm)
Cép 1 2 2 2 2
Cép 2 2.5 2.5 2.5 4
Cip 3 3 3 3 4.5
Cép 4 3.5 35 3.5 5
Cép 5 4 4 4 5.5
Cép 6 4.5 4.5 4.5 6

Do d6, bang thiét ké thi nghiém truc
giao U6*§64) can :[ién hanh téng cong 06 md
phong kiém tra the hién trong Bang 3.

Bdng 3. Bang thiét ké thi nghiém theo U,*(6")

STT |x, (mm) | x, (mm) | x,(mm) | x,(mm)
1 2 2.5 3 6
2 2.5 35 4.5 5.5
3 3 4.5 2.5 5
4 3.5 2 4 4.5
5 4 3 2 4
6 4.5 4 35 35

2.6.2. Két qud thi nghiém mo phong

Két qua mo phong kiém tra dugc thé
hién & Bang 4.

Bang 4. Két qua thu thdp sé liéu thi nghiém

STT X, (mm) X, (mm) X, (mm) X, (mm) D, (mm) D, (mm) M (kg)
1 2 2.5 3 6 69.480 -32.745 233.341
2 2.5 3.5 4.5 5.5 75.871 -7.042 297.024
3 3 4.5 2.5 5 77.871 -16.109 317.441
4 3.5 2 4 4.5 79.904 6.0560 258.723
5 4 3 2 4 81.202 -6.137 279.139
6 4.5 4 3.5 3.5 82.373 23.687 342.822
ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
148 TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023

cokhivietnam.vn / tapchicokhi.com.vn




NGHIEN CU’U - TRAO BOI

2.6.3. Ding SPSS lip phwong trinh héi quy thuc nghi¢m

Trong qua trinh phén tich hdi quy dang tuyén tinh khong dat yéu cau vé hé sé tvong quan R,
nén tién hanh nang bac 2 phuong trinh hdi quy dudi dang:

5 5 5
y=aq, +Zaixi +Zaﬁxi + Zagxixj
i=1 i=1

i<j
i=12..,]

Trong do:

- y la ham s6 hoi quy mat phan g bac 2;
- 8, A, a,, A, la cac helso ho’1 quy;

- Xy Xy X la cac bién thiét keé.

- Thiét 1ap hoi quy mat phan tng bac 2 thé hién & Bang 5.

Bdng 5. Bang thiét ldp hoi quy mdt phan g bdc 2 cia cdc bién

2 2

X, X X, X X, XX, X, X,X, X,X, X, XX, X,
4 5 6 12 6.25 7.5 15 9 18 16
6.25 8.75 11.25 13.75 12.25 15.75 19.25 20.25 24.75 30.25
9 13.5 7.5 15 20.25 11.25 22.5 6.25 12.5 25
12.25 7 14 15.75 4 8 9 16 18 20.25
16 12 8 16 9 6 12 4 8 16
20.25 18 15.75 15.75 16 14 14 12.25 12.25 12.25

- Phuong trinh hoi quy xuét ra tir SPSS theo khbi lwong M va khoang cach D,, D, nhu sau:

M = 139,7 +32,063x, + 2,878 >+ 2,909x X, — 2,647x x, + 1,018x 2
D, =52,118 - 0,453x, + 0,672x,> - 0,015x x, + 0,979x x, + 0,259x *
D, =- 58,246 +0,101x, + 1,938x > +2,981x x, - 0,664x x, + 0,474x 2

- Phuong trinh hdi quy trén dugc danh gia thong qua hé sb twong quan R theo Anova lan luot
lal,1val.

2.6.4. Gidi phwong trinh héi quy bang gidi thudt di truyén GA trong Matlab
- Code Matlab chwong trinh chinh:

ObjectiveFunction = @simple fitness m;
nvars = 4;

LB=[2223.5],

UB=[4.54.54.56];
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ConstraintFunction = @simple constraint_d;
rng(1,'twister')

[x,fval] = ga(ObjectiveFunction,nvars,...
[1.[1,[1.[1,.LB,UB,ConstraintFunction)

- Code Matlab chwong trinh con

+ Ham muc tiéu M:
function y = simple_fitness_m(x)

y = 139.7 + 32.063*x(2) + 2.878*x(1)"2 + 2.909*x(1)*x(3) — 2.647*x(1)*x(4) + 1.018*x(4)"2;

+ Ham diéu kién D:
function [c, ceq] = simple_constraint_d(x)

c=[-52.118 + 0.453*x(2) — 0.672*x(1)"2 + 0.015*x(1)*x(3) — 0.979*x(1)*x(4) — 0.259*x(4)"2;
58.246 — 0.101%x(2) — 1.938*x(1)"2 — 2.981*x(1)*x(3) + 0.664*x(1)*x(4) — 0.474*x(4)*2];
ceq=[];

- Két qua do day cac bién duoc chon (tinh theo mm) tir Matlab dwoc téng hop ¢ Bang 6 va
cac gia tri M dat min va khoang cach D, D, thoa mén di€u kién > 0.

Bdng 6. Két qua toi wu bé day cdc bién va gid tri min M va khodng céch D » D,

Gia tri X, (mm) X, (mm) X, (mm) X, (mm) M (kg) D, (mm) | D, (mm)

Téi wu 3.5289 2.0000 3.0526 5.6187 250.6563 87.0069 0.86%10*

Do d¢ day cua thép (mm) trén thi truong
c6 thong s6 tiéu chuan nhu sau: 1, 1.5, 2.0, 2.5, -

3.0,3.5,4,4.5,... Vivay, do day cac bién chon ' ,‘ | :
theo tiéu chun: X, =3.5;x,=2;x,=3;x,=5.5. '.

2.6.5. Kiém tra két qud toi wu bang mé phong

T cac gid tri cac bién tim duoc, dua vao
thiét 1ap thudc tinh cac bién trong Hypermesh ‘ - "
va sau do6 chay lai mé phong kiém tra cho két dl [ e
qua theo Hinh 13. .

Hinh 13. Két qua hién thi sau khi t6i wu.
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Két qua mod phong sau khi t6i wu cho
thiy mo hinh khung xuong bién dang sau khi
va cham lat nghiéng nhung khong con xam
pham vao khong gian an toan.

2.6.6. So sdnh két qud truéc va sau téi wu
Céc gia tri vé khoang cach va khéi luong

do dugc thong qua thuc nghi€ém moé phong dua

ra dé doi chicu trude sau va khi to1 uvu hoa thé

hién trong Bang 7.

Bdng 7. Bang gid tri kiém nghiém trude toi wu va

sau toi wu
Thirtw | Gidtri | Trude tdi wu | Sau toi wu
1 X, (mm) 3.0 35
2 X, (mm) 3.0 2
3 X, (mm) 3.0 3
4 X, (mm) 5.0 5.5
5 M (kg) 313.004 254.880
6 D, (mm) 68.494 80.193
7 D, (mm) -41.111 3.547

Tir bang thu thap két qua moé phong sau
t6i uu, tong khoi lugng cac thanh duoc chon dé
t6i wu hoa giam 18.5% so véi trudce khi toi wu,
dong thoi khong gian an toan toan & vi tri D,
D, khong bi xdm pham, thoa man du’gc dieu
kién an toan lat nghiéng theo ti€éu chuan ECE
R66.

3. KET LUAN

- Trong qua trinh nghién clru tinh an
toan lat nghiéng cua mo hinh khung xuong
xe Universe ghé ngdi ban dau, két qua mo
phong khong dam bao duoc diéu kién an toan
1at nghiéng theo tiéu chuan ECE R66. Khung
xuong phan than trén va mang bén hong co do
ctmg 16n do thép day hon. Khdi luong khung
xuong ning 13 khong can thiét.

- Téac gia tién hanh giam d¢ day theo
cach truyén thdng cic d6i twong & mang bén
héng dé bién dang khi va cham dat t6i khong
gian an toan theo két qua mé phong. Tir két qua
nay, tiép tuc cai tién mo hinh khung xuong &
nhitng vi tri anh huong 16n dén bién dang bang
cach thay dbi thiét ké ban dau va gia cuong
nhimg tdm &p ting cimg bang thép. Két qua
khdi lwong sau cai tién giam thém 5% so véi
ban dau.

- Sau khi cai tién dé giam thém khdi
luong, tién hanh t6i wu hoa két cau bang cac
mo phong thi nghiém theo mo6 hinh U *(6%),
dua ra phuong trinh héi quy thuc nghiém. Ung
dung giai thuat di truyén GA trong Matlab tim
ra dugc kich thudc do day tdi wu cta céc bién
dugc chon. So sanh tong khdi lugng ciia cac
bién sau t6i uu véi trude toi wu giam 18.5%
ma khong gian an toan van khong bi xam pham
theo tiéu chuan an toan lat nghiéng chau Au
ECE R66.

- Két qua cua nghién ctru ndy c6 thé 1am
co s dé dé xuat dén Cong ty Tracomeco nham
giam chi phi dau vao, nang cao chat lugng san
phém xe khach. Mit khac, bd sung su da dang
vao huéng nghién ciru moi lién quan dén an
toan 14t nghiéng cua 6 t6 theo tiéu chuan chau
Au ECE R66.%
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CHAT LWONG SAN PHAM HAN HO QUANG CHO LIEN KET ONG
CHO T

QUALITY OF ARC WELDING FOR TUBE-TO-TUBE CONNECTIONS

Tran Minh Thé Uyén, Dwong Thi Van Anh
Trudng Pai hoc Su pham K§ thuat Thanh phé Hd Chi Minh

TOM TAT

Trong nghién ciru nay, cdc thi nghiém han ong chiv T trén 5ng 960 va 950 voi cac do day
khdc nhau (2.5 mm, 3.2 mm, 4.0 mm va 5.2 mm) da dwa ra nhitng két ludn quan trong. Ong day hon
thé hién it bién dang han do nhiét va c6 do cimg cao hon. Ong mong hon gdy ra bién dang nhiét
I6m hon. Nhiét d & cudi qud trinh han thuong cao hon déi véi ong mong, dat téi 1427 °C cho dé
day 2.5 mm va 987 °C cho dé day 5.2 mm. Ung sudt tdp trung ¢ vi tri bdt dau va két thiic ciia dwong
han, véi iing sudt dw giam di doi véi ong day hon. Bién dang dao dong tir 3.54 mm dén 1.05 mm.
Ong day hon cé bién dang tot hon nho dg cing vitng va dan né nhiét. Ong méng hon c6 xu hiéng
nghiéng va nhiét dg cao hon, gdy ra bién dang nhiét Ién hon.

T khéa: Han ho quang; Bién dang; Ung sudt; Lién két ong chir T.
ABSTRACT

The T-joint welding experiments on 960 and 50 pipes with varying thicknesses (2.5 mm,
3.2mm, 4.0 mm, and 5.2 mm) yielded important conclusions. Thicker pipes showed less deformation
due to heat and were more resistant. Thinner pipes experienced larger thermal deformations.
Temperature at the end of welding was generally higher for thinner pipes, reaching 1427 °C for
2.5 mm thickness and 987 °C for 5.2 mm thickness. Stress concentrated at the start and end of the
weld, with reduced residual stress for thicker pipes. Deformations ranged from 3.54 mm to 1.05 mm.
Thicker pipes had better deformations due to increased stiffness and thermal expansion. Thinner
pipes exhibited more tilting and higher temperatures, resulting in larger thermal deformations.

Keywords: Welding; Deformation; Stress; T-joint welding.

1. TONG QUAN

Hién nay, céc lién két khong thao duoc
cua kim loai dang tam duoc thuc hién chu yéu
bang phuong phap han. Trong dé, véi cac tim
¢6 chiéu day nho hon 5 mm, phuong phép han
1 16p thuong duogc st dung. Trong linh vuc han

cac kim loai dang tdm, bén canh cac yéu cau vé
dd bén, cac yéu clu vé bién dang cua két chu
han ngay cang duoc tap trung nghién ctru. Dé
giém bién dang cuia két cdu han, ngoai cac yéu
cau Ve vat liu, quy trinh han cling 1a mot trong
cac yéu tb quan trong, c6 anh huong 16n dén
hinh dang cua két cdu sau han.
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Han ho quang dién cuc ndng chay trong
khi bado vé (GMAW: Gas Metal Arc Welding)
1a mot phuong phép sir dung hd quang tao ra
gitra dién cyuc kim loai dién day duoc cap lién
tuc vao viing han. Phuong phap nay duoc st
dung véi sy bao vé€ cua khi duoc cép bdi mot
ngudn bén ngoai va khong c6 ap luc.

Khai niém co ban vé& han hd quang trong
khi bdo v¢ da dugc gidi thi¢u tor nam 1920,
nhung dén tan nam 1948, n6 méi duge st dung
rong rii trén thi trudng. Pau tién, ngudi ta xem
n6 1a mot phuong phap han véi cuong do dong
dién cao, sir dung dién cuc lam kim loai tran
voi duong kinh dién cuc nho va khi tro 1a khi
bao vé. Ung dung ban dau ciia phuong phap 1a
dé han nhom. Chinh vi vay, thuat ngitr MIG (
Metal Inert Gas) hay han voi dién cyc kim loai
tran c6 khi tro bao vé da duge st dung va van
1a su am chi phd bién vé phuong phap han nay.
Su phat trién tuan tu dién mot chiéu mach dap,
ung dung dugc han mot khoang rong hon cac
vat liéu va stir dung cac loai khi c6 hoat tinh cao
(dat biét 1a CO,), tiéng Anh goi la phuong phép
han MAG (Metal Active Gas) va hon hop khi
1am moéi truong bao vé. Su phat trién sau nay da
dan dén su chép nhén chinh thac vé thuat ngir
GMAW do str dung khi tro va khi hoat tinh dé
béo vé mdi han.

Mot bién thé cua phuong phap han ho
quang dién cuc nong chdy trong khi bao vé la
str dung mot dién cuc hinh 6ng c6 16i chtra day
bot kim loai dé tao nén nhirng thanh phﬁn co
ban cua kim loai méi han (dién cuc kim loai 161
thuéc). Nhitng dién cuc nhu thé khi sir dung bat
bugc phai co6 khi bao v¢ kim loai viing han nong
chay khoi tdc dong cua khong khi.

Nhiing dién cuc c6 161 bot kim loai nay
duoc Hi¢p hoi Han Hoa Ky coi la mgt nhanh
cua GMAW. Cac hiép hoi han ¢ cac nude khac

c6 thé x€p dién cyc nay vao nhém dién cuc co
16i thuoc.

Phuong phap han hd quang dién cuc
néng chay trong khi bao vé c¢6 thé van hanh
theo kiéu ban tu dong hodc ty dong. TAt céa cac
kim loai quan trong trong thwong mai nhu la
thép cacbon, thép hop kim thap do bén cao,
thép khong ri, nhom, dong, titan va cic hop
kim cua niken c6 thé han ¢ moi tu thé bang
phuong phéap nay, chi can lya chon dugc khi
bao vé, dién cuc va cac thong sb han thich hop.

+ Pham vi ing dung va wu diém

Phuong phap han hd quang dién cuc
nong chay trong khi bao vé c6 nhiéu wu diém
dang cht y. Dau tién, nd c¢6 thé han cac loai
kim loai va hop kim. Thu hai, véi sy trng dung
cua GMAW, khong gian 1am viéc khong bi gioi
han nhu han hd quang bang que han cé thudc
boc. Thir ba, phuong phap nay cho phép han &
cac tu thé da dang, mot diém manh so v6i han
h6 quang truyén théng. Toc do dién day ciing
nhanh hon vi ddy han duoc cép lién tuc, khong
can dimg dé gay lai hd quang. Bén canh do, st
dung chét chuyén kim loai dang bui, moi han
¢ thé tham nhap siu hon va thuc hién duoc
han gbc voi kich ¢& nho. Cubi cung, phuong
phap nay ciing giam thiéu cong viéc lam sach
sau khi han do it xdy ra tao xi.

Nhiing wu diém cta phuong phap han
nay dic biét phu hop véi san xuét 16n va cac
mg dung han tu dong. Uu diém nay boc 15 15
nét hon khi sir dung ro bot han, mot linh vuc
ma phuong phap han hd quang trong khi bao vé
chiém vu thé.

«% Nhirng han ché ciia phwong phap

Phuong phap han hd quang dién cuc
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nong chay trong khi bao vé co nhiing han ché
can xem xét. Dau tién, phuong phap nay yéu
cau thiét bi han phuc tap, dit tién va cong kénh
hon so v&i phuong phap han hd quang que han
c¢6 thube boc. Thtr hai, phuong phap han nay
kho ap dung trong cac vi tri kho tiép can vi siing
han 16n hon va yéu cau khoang cach lién két
dic biét dé bao vé mdi han. Th ba, can bao vé
ho quang han khoi tac dong ctia khong khi, diéu
nay han ché st dung phuong phép ndy ngoai
troi hodc yéu cau bién phap bao vé khac. Cudi
cung, muic do nhiét va cuong d6 dong dién cao
c6 thé gay kho chiu cho ngudi tho van hanh.

Hién nay, nganh han Viét Nam da c6
nhiéu thay dbi tich cuc trong 15 nim qua. Cling
v6i tién trinh hoi nhap WTO, nganh han dang
dtng trude nhiéu co hoi va nhiéu thir thach, cac
mdi han khong chi dimg lai & viée lién két cac
chi tiét lai véi nhau ma con phai dam bao duoc
co tinh thim m¥ va chinh x4c nita.

Trong qua trinh nghién ctru vé linh
vuc han, ¢c6 mot vin dé ton tai rat 1on 1a cac
bién dang do qua trinh han giy ra béi vi bién
dang nhiét cia qua trinh han hd quang dién
rat kho du doan, va rat kho dé tinh toan chinh
xéac duoc. Pay 1a mot trong nhiing han ché 16n
nhat cua phuong phap han, va ciing vi thé ma
phuong phép han dugc danh gia 1a c6 d6 chinh
xéc thap. Néu nhu chiing ta khéng ché dugc cac
bién dang va sai s6 vé hinh dang hinh hoc trong
qua trinh han, thi s€ mé ra mét co hoi 16n hon
nita d6i v6i nganh han.

2. MO HINH MO PHONG VA THUC
NGHIEM

Str dung md hinh nguén nhiét Goldak's
double ellipsoid, day 1a mé hinh chinh ding dé
mo phong han GMA-welding.

—3x2 2 2

sisgn (), () ()

f,_e et/ e\ b? ) e\ @@
bd.aymNT

Front : qf(x, v,z) =

Front : q.(x,y,z) = %e@f),e( Zzg ).e( 252)

Voi:

Q= (Vmo) Efficiency

1000

g—f>

Trong do:

Q: Nhiét cap vao (kJ/mm);

V = Voltage (V);

I = Current (A);

S = Tdc d6 han (mm/min);

Efficiency: Hiéu suat phu thudc vao
loai phuong phép han, theo nghién ctru cua
M. Seyyedian Choobi hiéu suit 60% s& dap
ung dugc sy phu hop gitra thuc nghiém va mo
phong;

f: H¢ so nhiét phia trudc;

f Hé s6 nhiét phia sau;

a: Gia tri nay xac dinh chiéu dai ngudn
nhiét phla trudc;

a: Gia tri nay xac dinh chiéu dai nguon
nhiét phla sau. Tong chiéu rong cta ngudn
nhiét dugc tinh bang (a,+a).

b: Chiéu rong mot bén ciia ngudn nhiét
(tong chiéu rong 13 2b);

d: b6 sau cua nguén nhiét.

Hinh 1. M6 hinh nguon nhiét
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3. MO HINH THUC NGHIEM VA MO
PHONG

4

Puong bién dang

Vi tri han ) X
Hudng han

N4 X

ﬂ%

Hinh 3. Toa d¢ va vi tri do bién dang cua lién két han

Ta xét 04 truong hop éng co duong
kinh 60 mm va 50 mm véi 4 loai chiéu day.

+ Puong kinh ngoai: 60 mm;
+ Bé day: 2.5 mm, 3.2 mm, 4 mm, 5.2 mm;
+ Chiéu dai: 200 mm.

* Thong s6 han: 1dy ding véi thyc té trong qua
trinh lam thuc nghiém.

+ Dong: 90A;
+ Voltage: 80V.

4. KET QUA MO PHONG VA THUC
NGHIEM

Sau khi mdé phdéng va lam thi nghi¢m
han ong voi truong hop han chir T, @60 va
@50, chiéu day lan lwot 1a 2.5 mm, 3.2 mm, 4.0
mm, 5.2 mm, cac két luan sau duoc rit ra:

4.0 4

Tig welding

15 T-joint Weld —s— Experiment
Diameter: @60, @50 mm

3.0 Thickness: 5.2 mm .
Material: Steel CT3 1]

- o~ Simulation

2,54

Deformation (mm)

3 T T T T T 1
0 20 40 60 80 100 120 140 160 180 200

Distance (mm)

Hinh 4. Biéu d6 bién dang ciia mau day 5.2 mm

- Céc b6ng cang day thi bién dang do
nhiét gy ra cang nho, cang kho bién dang. Cac
dng c6 chidu day nho thi do bién dang nhiét gy
ra cang 16n khi han cung mot ché d6 han (bién
dang 3,54 mm ddi véi dng day 2.5 mm; va 1,05
mm dbi véi dng day 5.2 mm);

- Nhin chung, véi ong co chiéu day
nhé hon, nhiét do tai cudi qua trinh han s€ cao
hon. Trong cac md phong nay, véi chidu day
2.5 mm, nhiét do cao nhat tap trung tai vung
cudi cua duong han véi gia tri nhiét do 1427
°C. Trong khi dé, véi chiéu day 5.2 mm, gia
tri nhiét do cao nhat cling tap trung tai vung
cudi cua duong han, nhung gia tri nhiét do chi
6 muc 987 °C;

- Phuong phap mé phong ciing cho thiy
phan bé tng suat ctia két ciu han nhu bang 5.1.
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V6i phan b nay, tng suit cao nhét sé tip trung
tai vi tri bat dau va két thic ctua duong han.
Ngoai ra, phuong phap s6 ciing cho thay ving
lan can duong han ciing ton tai cac gia tri ung
suat du. Nhin chung, voi éng c6 chiéu day 16n
hon, g suat du s& giam dang ké.

Két qua nay cho thay bién dang Gmg voi
cac chidu day 2.5 mm, 3.2 mm, 4.0 mm va 5.2
mm lan luot 14 3.54 mm, 2.32 mm, 1.78 mm,
va 1.05 mm. Vé6i phuong phép do bién dang
nhu Hinh 3, bién dang 16n nhét ton tai ¢ vi tri
cudi cua ong dung. Tuong tu nhu két qua vé
phan bd nhiét va phan bd tmg suat du, bién dang
ctia két cau han mg véi cac chiéu day 16n hon
s& t6t hon. Két qua nay c6 thé duoc giai thich
boi do cung viing cua két cau va hién tuong
dan né va co rat nhiét. Ung voi cac truong hop
¢6 chiéu day mong hon, do cimg ving cua két
ciu s& giam dang ké, do do, hién tuong dng bi
nghiéng s€ xdy ra rd rang hon. Ngoai ra, do
cung duoc han voi mot bo thong s6, do do, céc
dng c6 chiéu day thanh nho hon s& ¢ nhiét do
cao hon nhu bang 1. Day cling 1a ly do gay nén
hién tuong bién dang nhiét 16n hon khi so sanh
v6i cac truong hop chiéu day dng khac.

Bdng 1. Két qua mé phéng nhiét dj, bién dang va

’ A
ung suat
Min Whiét DA ('C) Bién Dang (mm) Ung Suit (MPa)
E | | -
r | I
15 ™ ‘ | o | s
| - 1 I -t
. J L — - I
- __r.- - = A B e D SR RSN e

mm

5. KET LUAN

Qua qua trinh mo phong bién dang kiéu
han chit T cho 04 loai chiéu day khac nhau, két
qué cho thay ddi voi dng c6 chidu day nho nhat
1a 2.5 mm c6 do6 bién dang 13 16n nhat, ké dén
1a chiéu day 3.2 mm, 4.0 mm, va chiéu day 5.2
mm cho két qua it bién dang nhat. Déi véi két
qua thi nghiém, & hinh 5.8 cho ta théy dd bién
dang ctia mau day 5 mm ciing 1a thip nhit va
mau 2 mm c6 d bién dang cao nhét. <
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NGHIEN C(rU NHAN DIEN HU HONG BAT THWONG TRONG
DAM THEP BANG VARIATIONAL AUTOENCODER (VAE)

STUDY ON ANOMALY DETECTION OF STEEL BEAM USING VARIATIONAL
AUTOENCODER (VAE)

Luu Thanh Tung'?, Lé Quy Phwong'?, Nguyén Pirc Thién An'2, Ping Long Khang Huy'?
'Khoa Co khi, Truong Pai hoc Bach Khoa, Pai hoc Qudc gia Thanh phé H6 Chi Minh (HCMUT)
Pai hoc Qudc gia Thanh phé HO Chi Minh (VNU-HCM)

TOM TAT

Trong linh viee bdo tri va bdo dwéng, viéc tién hanh khdo sat va diéu tra dé xdc dinh va phan
tich cdc hw héng dong vai tro quan trong trong qud trinh san xudt. Gan day, da cé6 mét lwong 16n
nghién ciru vé cac ky thudt phat hién bat thieong nham trdnh cdc han ché lién quan dén chi phi va
nhan dir liéu. Do d6, chiing t6i dé xudt sir dung mét phwong phdp hoc mady khéng gidm sat dwoc biét
dén la Variational AutoEncoder (VAE) dé chan dodn cdc huw hong ciia dam, mét chi tiét co ban trong
linh vuee co khi. Bang cdch tién hanh thwe nghiém trén cdc mé hinh dam, chiing téi c6 thé danh gid
va biéu dién cic hw hong mét cach hiéu qua trong khéng gian tiém an. Qua dé, nghién ciru nay da
cho thdy tinh hiéu qud va kha thi ciia khéng gian dn trong mé hinh VAE, ¢é thé vmg dung véi nhiéu
loai huw hong va nhiéu chi tiét khdc trong cong nghiép.

Tir khéa: Hur héng ciia dam; Nhin dién bdt thuong; VAE; Khéng gian tiém an.
ABSTRACT

In the field of maintenance and upkeep, conducting surveys and investigations to identify and
analyze faults plays a crucial role in the production process. Recently, there has been a significant
amount of research on anomaly detection techniques to overcome limitations related to cost and
data labeling. Therefore, we propose the use of an unsupervised machine learning method known
as Variational AutoEncoder (VAE) for diagnosing beam faults, a fundamental component in the
mechanical industry. By conducting experiments on beam models, we can effectively evaluate and
represent faults in the latent space. This research demonstrates the effectiveness and feasibility of
the latent space in the VAE model, which can be applied to various types of faults and different

components in the industry.

Keywords: Damage of beam,; Anomaly detection,; VAE, Latent space.
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1. PAT VAN PE

Viéc diéu tra, khao sat hu hong ludn
1a mbi quan tdm trong linh vuc bao tri va bao
dudng may moce, trong do6 viéc khao sat hu
hong do moéi thuong khé dé nhan biét su xut
hién cua cac vét nat trong vat liéu. Nhirng nam
gan day, cac phuong phap chan doan sir dung
tri tué nhan tao (AI) thuong lién quan dén tac
vu phan loai hodc héi quy (classification and
regression) [1], [2], tuy nhién dé thu thap dit
liéu hu hong doi hdi cong stre va chi phi dang
ké. Cac dir lidu cho cac trang thai hong hiém va
d6i khi khong thé co duoc [3]. Trong khi do,
viéc phan loai mirc d¢ hu hong do cac yéu t6
khac nhau trong két cau ciing kho khan. Dir liéu
dugc gan nhan thuong khong co sin, khién cac
thuat toan khong hi¢u qua [4].

Trong linh vyc tri tué nhan tao (Al),
nhan dién bit thuong (anomaly detection) da
duogc chi y dén nhod vu diém tranh nhiing han
ché cuia cac phuong phap da néu trén [5]. Xirui
Ma va cong sy di chi ra rang hoc khong gidm
sat ¢6 thé chi ra nhitng hu hong bét thuong c6
thé phat hién tir cac dic trung trich xuét tir dit
liéu dao dong ma khong can phai dan nhan [6].
O nghién ctru ndy, ching t6i dua ra mot phuong
phap c6 thé nhan biét dugc hu hong st dung hoc
may khong giam sat (unsupervised learning) co
tén la Variational AutoEncoder (VAE) [7]. Cac
thiét ké, tinh toan vé quy trinh 1ay mau, xu ly
sO liéu bang Variational Mode Decomposition
(VMD) [8] va thong s6 mang ciing dugc trinh
bay. Ngoai ra, mién khong gian an (latent space)
trich xut tir dit liéu rung dong thong qua VAE
s& dugc phan tich, danh gia va biéu dién dé thé
hién hu hong so véi dam thép nguyén ven.

2. PHUONG PHAP
2.1. Dir liéu thu thap

Tin hiéu lién tuc tir cam bién duge doc
va chuyén thanh tin hiéu s6 thong qua card 4m
thanh ctia may tinh bang phan mém, tir 46 duoc
luu dudi dang tép c6 dudi mo rong *.wav. Cac
thong s6 1dy mau dugc cai dat ngay trén phan
mém nhu tan s ldy mau, do phan giai cia tin
hiéu. Tan s6 léy mau duoc chon 13 16000 Hz.

C6 hai van d& can quan tam khi chon
tan sb 1ay mau. Pau tién 13 tin s6 14y mau phai
16n hon gap hai 1an tan s cao nhat cua tin hiéu.
Thir hai, tan s6 14y mau khong qué 16n vi néu
qua 10’n ddng nghia may tinh s& xu ly nhleu hon
cho mdi gidy. Vi vy dé chon tan sd ldy mau
can cho chay thtr voi cac tan sé khac nhau Gmg
v6i diy tan sd gii han cua cam bién. Sau do
thong qua phd FFT cua tin hiéu va kha ning xtr
1y ctia may tinh (do bang thoi gian) dé chon ra
tan s thich hop.

2.2. Xit 1y tin hiéu

Pbi voi dang tin hiéu dang song, ki
thuat trich xudt cdc ham c¢6 tén 1a Intrinsic
Mode Function [9] (IMF), theo d6 mot tin hiéu
bao gém nhiéu mode dao dong, mdi dao dong
1a mot ham IMF mang y nghia la cac dao dong
riéng 1€ hop thanh tin hiéu, m6i phin mang mot
dic trung 1 tan s6 va bién do6i bién do riéng. Do
do, ¢ nghién ciru nay, phuong phap Variational
Mode Decomposition (VMD) [8] duoc st dung
dé trich xuit nhimg mode tin hiéu khac nhau.

Thuat todan VMD 1a mét qua trinh t6i uru
hoa thong qua cac vong lap. Cac IMF xac dinh
bang cach tim céc tan s trung tAm, théng qua
viéc toi thiéu hoa ham chi phi dugc tinh toan
thong qua chuan Euclid (L2) giita tin hiéu goc
va tin hiéu duogc ude tinh. Cac tham sd s& duge
cap nhat thong qua phép nhan tr Larrange.
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2.3. Variational AutoEncoder

Iteratively train

——————————————————————————————————————————————————————
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Hinh 1. So dé nguyén Iy mang VAE. Di¢ liéu vio X
dwoc dwa qua bo ma hoa P p; (Z | X) dé dwa vée mién
an roi tir dé truyén qua bé giai ma Pe(X|Z) dé sinh

ra dit liéu tdi tao X.

Variational Autoencoder [8], hay goi
tat 1a VAE, la mot loai mang noron nhan tao
duoc st dung trong hoc may khong giam sat.
Dir liéu ban dau thong qua VAE s& dugc nén vé
mot mién dir liéu an (latent space) biang phuong
phap anh xa qua bd ma héa (encoder) véi sb
chiéu nho hon dit lidu géc. Sau d6, mot mang
noron gidi ma (decoder) s€ anh xa tu latent
space vé mién di liéu ban dau, cu thé nguyén
1y hoat dong ctiia VAE dugc thé hién qua Hinh
1. Uu diém cta md hinh neural network nay 1a
latent dugc nén vé biéu dién nhoé hon, nhung
van gilt dugc cac dic tinh quan trong cia dir
liéu gdc. Ngoai ra, ta c¢6 thé quyét dinh phan
phdi ma latent sinh ra nho Kullback-Leibler
(KL) divergence [10].

D6i voi mién dir lidu rung dong khong
¢ qua nhiéu su khac biét giira dit liéu hu hong
va dir liéu nguyén ven. Do d6, trong nghién
ciru nay, chuing to1 s dung dir li€u & trang thai
ban dau ciia dam (khong bi hu hong) dé trich
xuét latent dudi dang mot phan phdi chuin

N ~ (jix,0%) nhu dd néu trén Hinh 1. Cac
diém trong mién an ¢ trang thai hu hong sé

dugc ddi chiéu véi cac diém 6 trang thai nguyén
ven trong mién an. Theo nghién ctru [6], ham
méat mat ciia VAE duoc tinh toan tir Kullback
Leibler divergence (KL) dung dé rang budc
phan phdi chuan cho latent space thé hién &
cong thuc (1).

D (laG) = ) po) log( = ;) (1)

xEy

Véi x 1a dir liéu ban dau, p(x) va q(x)
1a hai phan phdi do encoder va decoder tao ra.
Nhu vay, ham méat mat cudi cung cua VAE trinh
bay ¢ cong thtrc (2).

Lyag = }{||x—£||

(2)
+ E Dy (p(21%) | [p(2))
Véi x, % 1an luot 1a dir lidu gbc va dir
ligu khéi phuc, p(z[x) 1a phan phéi cua latent
sinh ra tir dir liéu gbc boi encoder va p(z) la

phan phéi ciia latent ma ta mong mudn trd
thanh.

3. THi NGHIEM

Mo hinh thi nghiém gém 03 phan chinh:
dam, khung d& dam (bao gom lién két voi dam)
va dong co rung, trong d6 md hinh dam c6 kich
thudce 1a 90 x 50 x 5 (mm).

Hinh 2. M6 hinh thi nghiém dam.
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Dudi tac dung cua tai trong, chi tiét dim
s€ bi pha huy sau mot so6 chu ky nhat dinh.

Tuy nhién, néu dé dam moi mot cach
tu nhién (khong tac dong thém) trong qua trinh
mo phong hoat dong thi s& can rat nhidu thoi
gian dé dam tién dén trang thai nay. Do d6, dim
s& duoc cét ban dau dé tao nén ung suét tap
trung tai mot vi tri cu thé dé giup dam phat trién
vét nut t& vi do, tir d6 c6 thé mod phong duoc
qua trinh hu hong cta dam.

Vi tri ¢t 1a tai vi tri % cua dam, dam
s& dugc rung lién tuc va cr cach moi phut s&
ldy mau mot 1an. Dam sé& 1ay véi 10 mic d6 hur
hong, ing véi mdi mirc do thi chidu dai vét cat
s& ting thém 2mm. Giita cac mau déu c6 thoi
gian nghi vi khi hoat dong, dong co nong sinh
nhiét anh huong dén két qua do. Cac mau thi
nghiém phai dugc danh sb thir tu va thoi gian
va diéu kién lay mau.

Hinh 3. Tao vét cdt kich thich hw hong cho dam.
4. KET QUA VA THAO LUAN

Qua qua trinh xtr 1y tin hiéu thu duoc sd
lugng tir cadc kénh IMF thong qua qua trinh xtr
Iy bang VMD, cu thé VMD tdi da 05 kénh IMF.
Pé tin hiéu duoc trich xuit mot cach hiéu qua,
cac IMF duoc danh gia thong qua hé sé tuong
quan gifta cac kénh véi tin hiéu gdc dugc thé
hién & Bang 1.

Bdng 1. Hé s6 twong quan ciia cdc kénh IMF so
voi tin hiéu goc thu dwoc tir cac dam

IMF | 1 2 3 4 S

D?m 0.023 | 0.035  0.042  0.108 | 0.996
D";m 0.012 | 0.029 | 0.028 | 0.106 | 0.998
D";‘m 0.043 | 0.061 | 0.088 | 0.069 | 0.993
Dim 0.045 | 0.070 | 0.177 | 0.098 | 0.980

Nhimng kénh c6 hé sé twong quan 16n
hon gié tri 0,1 s& dugc chon dé xir Iy. Cac thanh
phan dao dong cudng buc mang dic tinh cua
dao dong cudng buec, néu c6 su thay ddi bat ky
nao thi bién do cua cac thanh phan nay ciing s&
thay ddi. Do d6, sau khi chon duogc cac kénh
IMF chu dao thi str dung bién dg tirc thoi cua
chung dé 1am thong s6 dau vao cho qué trinh
chan doan hu hong bang VAE.
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Hinh 4. Biéu dién latent space trich xudt tir dam
nguyén ven va huw hong dwoc thé hién qua phép
PCA. Cdc diém madu xanh luc va xanh dwong thé
hién dam trong trang thdi hoat déng binh thwong
6 tdp hudn luyén va tdp kiém chirng, cdc diém mau
do biéu thi dam bi hu hong trong tdp kiém chirng.
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Sau khi xir Iy tin hiéu, ta trich xuat biéu
dién latent cia mo6 hinh da duoc huan luyén.
Cac dac trung trich xuét duoc thé hién trong
hinh 5. Ta nhan thdy khi mitc d6 hu hong cang
gia tang thi gia tri latent c6 xu hudng tang theo.
Diéu nay chimg to rang encoder cia VAE c6
kha ning chi ra nhitng hu hong va c6 thé nhan
biét mot cach rd rang thong qua ty 1& phuong
sai.

Két qua du doan hu hong ctia md hinh
dugc thé hién o bang (2).

Bdng 2. Két qua dw dodn huw héng trén dam.

Do chinh xac
Dam 1 85%
Dam 2 89%
Dam 3 85%
Dam 4 89%
5. KET LUAN

Trong nghién clru nay, ching t6i1 gioi
thiéu phuong phap VAE dé nhan biét hu hong
thong qua dir liéu rung dong. Két qua chi ra
rang VAE c6 hiéu qua trong viéc trich xut
nhiing dac tinh cua hé dam. Latent sinh ra tur
encoder c6 thé phan biét dugc mot cach 1o rang
thong qua biéu dién cua né trén d6 thi phan
phéi. N6 ciing 1am noi bat tAm quan trong cua
cac dic trung an trong VAE noi riéng va mod
hinh generative deep learning n6i chung.
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Nghién ctru nay duogc tai trg boi Truong
Pai hoc Bach khoa, Pai hoc Quéc gia Thanh
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BIEN DANG ONG TRONG QUY TRINH HAN HO QUANG
TRUONG HOP HAN SU’ DUNG CORE NOI

TUBE DEFORMATION DURING THE WELDING PROCESS
IN THE CASE OF WELDING USING A FUSION SPLICER

Tran Minh Thé Uyén, Dwong Thi Vin Anh
Trudng Pai hoc Su pham K§ thuat Thanh phd H6 Chi Minh

TOM TAT

Sau khi mé phong va thi nghiém han ong cé dwong kinh @60 va cdc chiéu day lan lwot la 2.5
mm, 3.2 mm, 4 mm va 5.2 mm bang cdch sit dung core néi, ching ta rit ra cdc két lugn quan trong
nhu sau: Phan tich phwong phdp mé phong cho thdy phdn bé nhiét tai mdt cdt cia két cau han cé
suw thay doi dang ké vé nhiét do. T 5ng thé, véi 5ng ¢6 chiéu day nho hon, nhiét do tai vi tri cuoi cung
ciia qud trinh han sé cao hon. Khi mé phong cdc trieong hop nay, két qua cho thdy, véi chiéu day
2.5 mm, nhiét d¢ cao nhat tdp trung & viing cudi ciia dwong han, dat gid tri 1279 °C. Trong khi do,
Véi chiéu day 5.2 mm, gid tri nhiét do cao nhdt ciing tdp trung ¢ ving cudi ciia dwong han, nhung
chi dat gid tri 829 °C. Su chénh léch nhiét do nay ciing la mot trong nhitng nguyén nhan dan dén su
bién dang khdc nhau ciia két cau han, tity thudce vao cdc chiéu day khdc nhau ciia ong.

Tir khéa: Han ho quang; Bién dang; Ung sudt; Lién két ong.
ABSTRACT

After simulating and conducting experiments on @60 pipes with thicknesses of 2.5 mm,
3.2 mm, 4 mm, and 5.2 mm using a core joint, we draw the following important conclusions: The
analysis of the simulation method reveals significant variations in temperature distribution at the
cross-section of the weld structure. Overall, for pipes with smaller thicknesses, the temperature at
the final position of the welding process is higher. In these simulations, with a thickness of 2.5 mm,
the highest temperature is concentrated at the end region of the weld, reaching 1279 °C. On the
other hand, for a thickness of 5.2 mm, the highest temperature is also concentrated at the end region
of the weld but only reaches 829 °C. This temperature difference is one of the causes of the varying
deformations in the weld structure, depending on the different thicknesses of the pipes.

Keywords: Welding; Deformation, Stress,; Pipe connection.
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1. TONG QUAN

Han ho quang dién trong méi truong cé
khi bao vé (GSAW: Gas Shielded Arc Welding)
la cong nghé han duoc st dung rat rong rai hién
nay. Trong nén cong nghiép hién dai, han ho
quang bang dién trong moi truong c6 khi bao
vé chiém mot vi tri rt quan trong. No khong
nhitng c6 thé han cac loai thép két ciu thong
thudng ma con c6 thé han cac loai thép hop kim
cao, kim loai mau va hgp kim cua chung.

Ngoai ra, phuong phap han nay khong
nhitng c6 thé thao tac bang tay ma con co thé
tu dong hoa, tao mdi han c6 chit luong cao ddi
v6i hau hét cac kim loai va hop kim.

Han hd quang trong méi truong c6 khi
bdo v¢ con goi 1a GSAW (Gas Shielded Arc
Welding) xuat hién do nhu cau vé han kim
loai mau (nhom, magié va hop kim cua ching)
trong nganh ché tao may bay va nganh hoa
chat tir thap ky 40. Cong nghé han nay duoc
chia ra lam hai loai chinh gdm: Han hd quang
bang dién cuc nong chay (GMAW: Gas Metal
Arc Welding) va han hd quang bang dién cuc
khong nong chdy (GTAW: Gas Tungsten Arc
Welding).

(*) Pic diém chung cta cic loai han ho
quang trong moi truwong khi bao vé:

e Mirc do tap trung cao ctia ngudn nhiét han
dam bao chiéu rong nho cua ving anh huong
nhiét, va kha nang bién dang thép;

e Ning suat han cao, hiéu qua bao vé kim loai
néng chay cao (dac biét khi str dung khi tro);

e Khong cAn st dung thude han hodc vo boc
nhu cia que han;

e Kha nang co gidi hda va ty dong hoda cao;

e (6 thé dat dugc mbi han c6 cung tinh chat
hoa ly, luyén kim nhu kim loai co ban;

e Khong can phai 1am sach mdi han sau khi
han (khong c6 kim loai ban toe, xi han);

e C6 thé han hau hét kim loai thong dung
trong cong nghiép. Con c6 thé ding dé han
kim loai khong dong nhét, va han dép.

Trong nhitng ndm gén day, k¥ thuat han
da c6 nhiing buoc phat trién manh mé, dap ung
duoc céc yeu cu ngdy cao vé cong nghé va
vat liéu. Nhiéu phuong phap han méi da xudt
hién, cac cong nghé¢ mai da dugce ap dung rong
rii trong k¥ thuat han, tir chd chi yéu sir dung
cong nghé han hd quang tay, dén nay c6 khoang
130 phuong phap han khac nhau dugc st dung
rong rii. C6 thé chia cong nghé han thanh hai
nhom nhu sau:

CONG NGHE HAN

HAN NONG
CHAY

Hinh 1. Phan logi cong nghé han

Qua cac nghién cuu trudc day, chua co
cong trinh nghién clru nao tap trung mo phong
vé bién dang ctia 6ng trong qua trinh han sir
dung phuong phap han hd quang. Vi vay,
trong cong trinh nghién ctru nay s& tién hanh
mo phong su bién dang cua ng, tmg suit du
tép trung trén 6ng do nhiét ciia quéa trinh han
hd quang gdy ra, dé tir 6 c6 thé dy bao trude
céc bién dang c6 hai trong qua trinh han nhim
giam thiéu ching, gop phan tiét kiém duogc chi
phi khi han. Ngoai ra, tac gia s€ thuc hién cac
thi nghiém trén cac vat han dé so sanh voi qua
trinh mé phong, cac vat han 1a cac dng co kich
thude chiéu dai 1a 200 mm, duong kinh 60, 50;
bé day 1a 2 mm, 3 mm, 4 mm, 5 mm.
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2. MO HINH MO PHONG VA THUC
NGHIEM

Phuong trinh cAu thanh dién hinh, duoc
cung cap bdi cac goi chuong trinh FE thuong
mai, dinh luat Fourier cho truong hop dan nhiét
cua:

q=—k¥T )

Phuong trinh trang thai nhiét:

de aT ’ P _

— = G, (4p sult p = const) (5)
Dinh luat Hoock cho chét rin ddng hudng.

g=g%=2ue+A(Tre) - 32+ 2™ ()

Puong tuyén tinh nhiét nhu sau (cho
kich thudc mot chicu):

Hon ntra, vat liéu phu thudc vao k, C,
A, o x4c dlnh tinh dan nhiét, nang luong nhlet
céc hang s6 cia LAME, va hé s6 gidn nd nhiét.
Phuong trinh cdu thanh c6 dang: g =d(u)
hoic @ = (). Pdi vé6i vat lidu cd tinh déo
clia vat liéu, twong tmg voi phuong trinh (6).

Ung suat Vonmiss:

B3|

Oy = \/gdevg: devg vao, = [Ceg (7)

Trong d6: ¢ =0 —p

|1~~~

Goi @ 1a ning suit chtrc ning, nd ¢
thé quyét dinh, cho du Gng suat hién tai c6 anh
huong dén nang suat hay khong:

®(0) = o2, (g) —o,2 =0 (¥

Trong do, o, dac trung cho giéi han
chay.

Gi61 han chay o, tang khi bién dang déo
tang, duoc goi la do ciing cua vat liu.

Goi do cing cua vat licu la k,
ay = d, (k) do d6 G)(o) — @(g,k) cho do
cliimg ding hudng.

k=p=o..""

Do do, phu’O’ng trinh (8) c6 thé dugc st
dung dé 1y mot diéu kién nhit quan, n6 dong
vai trd quan trong trong viéc xac dinh bién dang
déo.

ad

¢ = aﬁ_+—k 0 )

E' , ko thé duge tinh toan bfmg dinh luat
Hook két hop véi € = €€ + gP!

6 =Cp(¢- )k =G..(¢- &) 8" 10)

C4 : biéu thi ma tran d6 ctng bac 4.

Con lai mot dai luong van chua biét

gpl, bang viéc roirac €, ta co:

Pl = A dA

= d(deva) ﬂ(d vo)

Trinh tu cac budc tinh toan nhu sau:

(11)

hogc deP! =

Bién dang toan phan:

£=), £
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3. MO HINH NGHIEN CUU

Hinh 2. M6 hinh hinh hoc bai toan

Z b
-
|
|
|
{
I
-ll Enromp Hin dang
H
|
|
. Huong hin
Vi tri b 2
' AT
Vi tri b 1 ; ;

Hinh 3. Toa d6 va vi tri do bién dang cua lién két han

Ta xét 04 truong hop ong co dudng
kinh 60 mm vé&i 04 loai chiéu day.

* DPuong kinh ngoai: 60 mm,;

« Béday: 2.5 mm, 3.2 mm, 4 mm, 5.2 mm;

« Chiéu dai: 200 mm;

* Core han khong ren, duong kinh 60 mm,
chiéu day 3 mm;

« Thoéng s6 han: Liy ding véi thyuc té trong
qua trinh 1am thyc nghiém;

* Dong: 90A;

* Voltage: 80V.

4. KET QUA MO PHONG VA THUC
NGHIEM

Bdng 1. Két qua mé phong nhiét do, bién dang va
ung suat

Min Nhigt B °C) Bién Dyng (mm) g Suiit (MPn)

| e

— el

—=
i o i A%V
b _—

Nax BT | |-
| =
/ 0

I — 5]

AERITRE I
r
(]

A N I g

Sau khi mdé phdéng va lam thi nghi¢m
han 6ng c6 @60, chiéu day lan luot 1a 2.5 mm,
3.2 mm, 4 mm, 5.2 mm ddi véi truong hop han
su dung core ndi, cac két luan sau duoc rat ra:

* V6i phuong phap md phong, phan
bd nhiét tai mat cat caa két cdu han duoc trinh
bay nhu bang 1. Trong nghién ctru nay, vi cung
su dung mot bd thong s6 han, do d6 phan bd
nhiét do tai mat cit két cdu cho théy c6 su thay
ddi o rét vé nhiét d6. Nhin chung, véi 6ng co
chiéu day nhé hon, nhiét do tai cubi qua trinh
han s& cao hon. Trong cdc m6 phdng nay, voi
chiéu day 2.5 mm, nhiét do cao nhét tap trung
tai ving cudi cua duong han voi gia tri nhi¢t do
1279°C. Trong khi d6, v6i chiéu day 5.2 mm,
gia tri nhiét do cao nhét cling tap trung tai vung
cudi ciia dudong han, nhung gia tri nhiét do chi
o murc 829 °C. Sy chénh I¢ch nhi¢t d nay cling
1a mot trong nhirng nguyén nhan dan dén bién
dang khac nhau cua két cau han ung véi cac
chiéu day khac nhau.

« Phuong phap mé phong ciing cho thiy
phan b g suit ctia két cdu han nhu bang 1.
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V6i phan bd nay, tmg sudt cao nhit s&
tap trung tai vi tri bat dau va két thic cua duong
han. Ngoai ra, phuong phap s ciing cho thiy
ving lan can duong han ciing ton tai cac gia tri
{mg suit du. Nhin chung, v&i éng c¢6 chiéu day
16n hon, tmg suit du s& giam dang ké.

* Trong qua trinh han, do anh huong
cua chénh 1éch nhiét do va ung suat du, cac
két cdu han sé& bi bién dang. Trong nghién ciru
nay, thong qua qua trinh md phong, bién dang
tai mat cit ciia hai dng han vudng goc sir dung
core ndi dugc trinh bay nhu bang 1. Két qua
nay cho thiy bién dang tng véi cac chiéu day
2.5 mm, 3.2 mm, 4.0 mm va 5.2 mm lan luot
la4.78 mm, 2.68 mm, 1.56 mm, va 1.39 mm.
V6i phuong phap do bién dang nhu Hinh 4.3,
bién dang 16n nhét ton tai & vi tri cudi cua 6ng.
Twong ty nhu két qua vé phan bd nhiét va phan
bd Gmg suit du, bién dang cua két ciu han ung
v6i cac chidu day 16n hon s& tot hon. Két qua
nay co thé duoc giai thich boi do cing vimng cia
két cAu va hién tuong dan nd va co rat nhiét.
Ung véi cac truong hop co chiéu day mong
hon, d6 cimg viing cta két cau s& giam dang
ké, do d6, hién twong dng bi nghiéng s& xay ra
rd rang hon. Ngoai ra, do cung dugc han véi
mot bo thong sb, do do, cac dng co chiéu day
thanh nhé hon s€ c¢6 nhi¢t d§ cao hon nhu bang
1. Pay ciing 13 1y do gy nén hién tuong bién
dang nhiét 16n hon khi so sanh véi cac truong
hop chiéu day dng khéc.
®%] Tigweiding
o] B bt tm

Thickness: 2.5 mm
3.54 Matenal Steel CT3

4.0

3.0 4
2.5
2.0+

1.5 e ldt

Deformation (mm)

1.0+
os- —a— Experiment
= < - Simulation
o 20 a0 B0 80 100 120 140 160 180 200

0.0
_ Distance (mm)

Hinh 4. Biéu d6 bién dang ciia mau day 2.5 mm

5. KET LUAN

Nghién ctru nay mé phong va thuc
nghiém qua trinh han éng véi cac chiéu day
khac nhau. Két qua cho thiy nhiét d6 va ung
suét tap trung tai vi tri bat dau va két thuc cua
duong han. Bién dang cua két cau han ting theo
chiéu day giam.
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NGHIEN ClrU CAC THONG SO CHINH CUA CO CAU CAT NHO
QUA CHANH DAY TRONG HE THONG TACH RUOT CHANH DAY

STUDY ON MAIN PARAMETERS OF PASSION FRUIT SHREDDING MECHANISM
IN PASSION FRUIT PULP SEPARATION SYSTEM

Lwong Vian T6i, Huynh Cong Lén
Khoa Co khi, Trudng Pai hoc Bach khoa, Pai hoc Qudc gia Thanh phd HO Chi Minh

TOM TAT

Trong quy trinh tach rudt chanh day, sau khi trai chanh ddy dwoc cdt ra thanh nhiéu phan
nhé thi ta thu dwoc hon hop bao gém vo va rugt. Viéc tié'p theo la can tach riéng biét dung dich rugt
chanh ra khoi cac manh vo, viéc nay dwoc thuc hién boi may sang. Cum cdt nhé trai chanh day
thanh nhiéu manh nhé truede khi di vao mdy sang tach c¢é nhiéu théng so anh hwong dén hiéu qua,
chat heong ciia viéc sang tach: Khe ho giita cdc dao, kich thuée dao, téc dé quay ciia truc dao, ...
N6 quyét dinh s6 lwong manh vé dwoc cdt nhé va chdt lwong ciia manh vé ¢é bi vé nét hay khéng.
Tir d6 sé gép phdn tao nén chat lwong va hiéu qud ciia ca qud trinh tach rudt chanh day. Trong bai
bdo nay sé tdp trung nghién ciru im ra cdc théng sé hop Iy ciia cum cdt nhé qua chanh day dé nham
ddam bao hiéu qua ciia qud trinh tach rudt chanh day ra khéi vo la cao nhat.

T khéa: Tdch rudt chanh day; May cadt lat; May thai lat.
ABSTRACT

In the process of separating the passion fruit pulp, after the passion fruit is cut into many
small parts, a mixture of lemon peel and pulp will be obtaine. The next step is to separate the
lemon pulp from the peels, this is done by the screening machine. The cluster of machines that cut
passionfruit into small pieces before entering the screening machine has many parameters affecting
the efficiency and quality of the screening machine: Clearance between knives, knife size, rotational
speed of the knife shaft,.... It determines the quantity of pieces of lemon peel and the quality of
pieces. From there, it will contribute to the quality and efficiency of the whole process of separating
the passion fruit. In this paper, the research will focus on finding out the reasonable parameters of
the cluster of cutting passion fruit to ensure the highest efficiency of the process of separating the
passion fruit pulp from the peel.

Keywords: Passion fruit pulping machine; Passion fruit slicer; Passion fruit cutter.
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1. TONG QUAN

Ngay nay, con ngudi s dung ngay cang
nhiu cic san pham tir chanh diy vi n6 mang
lai nhiéu loi ich cho stic khoe. Trong do, rudt
chanh ddy dugc sir dung nhiéu nhat. Trudc day,
theo phuong phép thu cong, cac doanh nghié¢p
san xudt cac san pham tir chanh day di thuc
hién viéc 14y rudt chanh day tir qua chanh bang
cach cho cong nhan cit d6i qua chanh ra va
dung mudng hoic dung cu chuyén dung dé muc
rudt ra khoi vo. Phuong phép nay don gian, chi
phi dau tu ban dau thap, hiéu qua liy sach phan
rudt ra khoi vo 1a rat cao va gan nhu tuyét doi.
Tuy nhién, phuong phap niy c6 ning suét rat
thap, phu thudc hoan toan vao trinh do tay nghé
cua cong nhan. Hién nay, cac doanh nghiép
san xudt cac san pham chanh day da phan sir
dung may moc thiét bi dé thay thé cho lao dong
thu cong. Viéc ndy mic du chi phi dau tu ban
dau cao nhung gitp ting ning suit, hiéu qua
va chét luong 6n dinh. Trong day chuyén may
moc thiét bi ¢ cum cit nhoé qua chanh trude
khi sang tach dong vai tro quan trong va gép
phan truc tiép quyét dinh chét luong va hiéu
qua cua ca quy trinh tach rudt chanh ra khoi vo.
Trong bai bio nay, mot mo hinh cum cit nho
qua chanh dugc nghién curu, tinh toan, ché tao
va thyc nghiém dé tim ra cac thong s6 chinh
phu hop gitp hi¢u qua tach rudt chanh day
trong ca quy trinh dat hidu qua cao nhét.

2. THIET KE HE THONG THIET BI
2.1. Thong s6 ban dau

Qua chanh day duoc ding dé nghién
cuu la qua chanh day vo tia con tuoi, chua bi
héo, cuéng 6 thé duge vit bo hodc con nguyén
cubng. Mau cta nhitng qua chanh duoc ding
dé nghién ctru duoc thé hién 6 hinh 1.

Hinh 1. Mau qua chanh ddy dieoc ding dé nghién ciru

Khao sat cac dac tinh cta qua chanh
day:

- Qua chanh diy c6 hinh bau duc,
c6 chiéu dai (L) trung binh tir 61.6mm dén
67.6mm, duong kinh trung binh (D) cta qua
chanh day tir 49.6mm dén 59mm, $6 liéu khao
sat dugc thé hién trong bang 1 va hinh anh khao
sat dugc thé hién & hinh 2.

W chanh day
L

Hinh 2. Khao sat kich thuoc qua chanh ddy

a
N
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Bang 1. Két qua khdo sdt kich thude qud chanh déy

STT (mLm) (mDm) STT (mLm) (mDm)
1 67.6 | 59.0 11 64.0 | 56.0
2 63.0 | 583 12 652 | 55.7
3 63.5 | 542 13 62.7 | 532
4 64.1 56.4 14 633 | 549
5 63.8 | 55.0 15 65.5 | 56.2
6 61.6 | 49.6 16 63.6 | 55.1
7 62.3 | 50.1 17 63.7 | 54.7
8 64.5 | 555 18 62.1 51.8
9 62.7 | 513 19 63.1 54.9
10 66.8 | 57.7 20 62.0 | 503

Khdi lugng trung binh qua chanh: 80g/
trai.

- G6c ma sat gitta qua chanh day va
kim loai: Dung thuc nghi¢m dé xac dinh gbc
ma sat gitta qua chanh va kim loai, két qua thuc
nghiém duogc thé hién trong bang 2. Goc ma sat
trung binh gitta qua chanh day va kim loai la
28.80.

Bdng 2. Két qua thire nghiém goc ma sdt giita qua
chanh ddy va kim loai

STT | Kétqua (dd) | STT | Két qua (dd)
1 27.0 6 28.5
2 31.5 7 33.0
3 29.0 8 28.0
4 27.0 9 29.5
5 24.0 10 30.5

- S6 manh vé tdi vu dugc cit ra tir mot
qua chanh day dé dem lai hiéu qua khi sang
tach: 12 manh (duogc trinh bay trong mdt nghién
cuu khac).

2.2. Co sé tinh toan, thiét ké

C6 hai phuong phéap thuong dung dé
lam qué chanh day v& ra thanh nhidu manh nho
d6 1a st dung tang nghién va st dung dao cit:

- Tang nghién: Dung hai tang quay
nguoc chidu nhau (hinh 3), qua chanh duoc
nghién ép va v& thanh nhiéu manh nho. Phuong
phap nay c6 ning suat cao nhung nhuoc diém
16n cua phuong phép nay la vo chanh bi ép va
lam cho tinh dau trong vo chanh bay ra va 1an
16n vao dung dich rudt chanh day. Diéu nay sé
lam anh huéng dén chit lwong cta san phim
khi nguoi dung stir dung no.

- Dao cit: C6 hai loai dao cat thuong
dung nhat (hinh 4) d6 1a dao dang thanh va dao
dang dia tron. Dao dang thanh khé kiém soat
dugc sé luong manh vo duge cat ra va giy ra
nhiéu manh vun nho sau khi cit. Piéu nay lam
cho chit lugng san pham khong dam bao. Pdi
v6i dao dang dia tron sé& cat lién tuc chanh day
1am cho vét cat dep, khong sinh ra manh vun.
Do do, dao dang dia tron dugc chon dé nghién
ctru.

Dan 1 Dan 2

Hinh 4. Céc logi dao cat
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Pé dam bao qua chanh duoc cit thanh
nhiéu manh nho thi can phai thuc hién cit thanh
hai 1an, qua chanh duoc cat 1an 1 tao ra cac
khoanh tron nhu hinh 5. Sau do6, cac khoanh
tron duoc cit tiép dé tao ra cac manh nho duogc
thé hién & hinh 6.

v | N

,fl

Hinh 5. Chanh dwoc cat lan 1

b

Hinh 6. Chanh dwoc cdt lan 2

x\\

Pé dam bao qua chanh khong bj truot
Ién trong qué trinh cat thi cac thong s6 hinh
hoc can phai dam bao, duong kinh dao (D) la
yéu t0 quan trong quyét dinh van dé nay. Hinh
7 thé hién cac lyc tdc dung Ién qua chanh khi
qua trinh cat xay ra, bao gom: trong lugng qua
chanh P, cac phan luc N, N,, cac lyc ma sat
1:msl"' ms2°

Xét can bang clia qua chanh, ta co:

- - - -

P+N+N,+F +F ,=0 (1)

Pé dam bao qua chanh ludn di xubng
ma khong phu thudc vao khoéi lugng ban than

qua chanh nén thanh phan duoc bo ra khi chiéu
phuong trinh (1) Ién hai phuong Ox va Oy.

Hinh 7. Phan tich lyc tac dung lén qud chanh khi cdt

ZFOX=0<:>N1—Nz.cosa—Fmsz.sinazo 2)
ZFOy =0<N,sina—F, ,.cosa—F, =0 (3)

Giai phuong trinh (2) va (3), ta tim
duogc diéu kién: o = 2¢ véi goc @ 1a goc ma sat
gitta qua chanh véi kim loai (¢ = 28.8°). Khi
o = 2¢ thi qua chanh & trang thai can bang, do
d6 can liy a < 2¢. Thém nita, khi may lam viéc
s& sinh ra rung dong nén hé sé ma sat s& giam.
Trén thuc té, can 1y 60% cta goc o dé dam bao
diédu kién cit duoc qua chanh, vay goc a tdi da
la 34°.

)

Hinh 8. Théng sé hinh hoc xdc dinh dwong kinh D
cua dao dia

Dua vao hinh 8, xét tam giac AEB, ta c6

sin EAB = E
AB
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Tur day tim dugce duong kinh dao, D (mm):

D= 49.6cosa +89.6 )
l-cosa

Dua vao phuong trinh (4), ta thiy rang
a cang nho thi D cang 16n, voi a = 34° thi
D_. =769mm, kich thudc nay la twong dbi 16n.
Do d6, dé tiét kiém khong glan kich thudc cua
may, nén dung co cau day dé de¢ qua chanh di
xudng thay vi str dung diéu kién ty di xudng
cua qua chanh.

2.3. M6 hinh ché tao

M hinh cum cat chanh day duogc thiét
ke, ché tao va lap rap nhu hinh 9.

Hinh 9. M6 hinh cum cdt qua chanh ddy

3. THUC NGHIEM VA KET QUA

Viéc tinh toan duong kinh dao (D) va
bo tri khoang cach cua cac dao da dam bao

duoc sb lwgng manh vo dugc cit ra theo ding
yéu cau ban dau. Mot yéu t6 quan trong khéc
can duoc dam bao d6 1a chat luong vét cit phai
nhin min, néu vét cit tao ra nhitng vét san sui
thi khi sang tach s€ bi vd vun ra va 1an 16n vao
dich rudt chanh day, thanh pham khong dat yéu
cau.

Yéu tb chinh anh huéng dén chét lugng
vét cit 1a tbe do quay cua dao (n, vong/phut).
Trong phan thuc nghlem téc do quay cua dao
s& duoc diéu chinh bang tbc do cua dong co
bang cach thay doi tan sb dong dién cua bién
tan. Két qua thuc nghiém duoc trinh bay trong
bang 3.

Goi H% 1a phan tram dat duoc cua vét
cit do dao cét tao ra so voi chat luong vét cat
mau (vét cit mau duoc thuc hién bang tay —
diéu kién 1y tuong).

Bdng 3. Két qua thiee nghiém

STT Téc dd caa truc dao (;hé? lwgng
(n, vong/phiit) vet cat (H%)
1 180 89
2 200 92
3 220 94
4 240 98
5 260 95
6 280 90
7 300 87

Str dung phlmng phap quy hoach thuc
nghlem binh phuong tdi thiéu c6 phwong trinh
hdi quy 1a ham béc 2 ¢ dang y=b,+bx+
bx?, voiyla chat luong vét cit (H%) va x la toc
do truc dao (vong/phut).

Giai ra tim dugc céc gia tri:
b,=-35.6,b,=1.11 vab, =-0.00235.
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Vay, phuong trinh hoi quy la:
y=-35.6+1.11x — 0.00235x>.

Do thi cia ham muc tiéu dugc thé hién
0 hinh 10.

qn i) Fo ) m B +5

Hinh 10. D6 thi ham muc tiéu
4. KET LUAN

Thong qua bai nghién clru, chung ta
tim hiéu vé ciu tao va nguyén 1y hoat dong cta
cum cat nho qua chanh day, dong thoi phan
tich phuong an lga chon dang dao cét, tim ra
duoc duong kinh t6i wu ctia dao cat dé dam bao

qua chanh diy ludn dugc kéo vao budng cit
ma khong trugt ngugc Ién trén. Thong qua thuc
nghi¢m, thong s6 tdi vu cua toc do truc dao cit
cling duoc tim ra nham dam bao cho cac vét
cit trén nhitng manh nho dam bao nhin min
khong bi v& vun khi thuc hién qué trinh sang
tach, dam bao chat lwong san pham theo yéu
cau cta nguodi dung. <
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NGHIEN C(rU TiNH TOAN PONG LU'C HOC PHAO 73mm KIEU
2A28 TREN XE CHIEN PAU BO BINH

STUDYING AND CALCULATING THE DYNAMICS OF THE 73mm CANNON TYPE
2A28 ON THE INFANTRY FIGHTING VEHICLE

ThS. Mai Vin An, ThS. Bui Si Giang, ThS. Vii Huy Khéi, ThS. Ta Ba Diing
Vién Vii khi, Téng cuc Cong nghiép Qudc phong

TOM TAT

Phdo 73mm kiéu 2428 trén xe chién dau bé binh la logi phdao nong tron duwoc thiét ké dé
bdn dan chong tang kiéu OG-15V va PG-15V, day nong dwoe bit kin khi bin. Hé thong hdam I thuy
liee — 16 xo gitip hdp thu toan bé lyc phdt ban khi liii va ddy cum nong 1én vi tri ban ddu trong qud
trinh lam viéc. Bé dam bao hanh trinh lii — ddy 1én dat dwoc yéu cau can xdy dung, tinh todn bai
todn déng lwc hoc (PLH) ciia phdo khi ban nham xdc dinh cdc théng sé két cau hop 1y phuc vu qud
trinh xdy dwng tai liéu thiét ké. Bai bdo trinh bay cdc buéc thanh Idp hé phwong trinh vi phan tinh
todn dong luc hoc ciia phéo khi bén, két qua tinh todn vé thudt phdong trong, liee, véin toc va hanh

trinh ciia qud trinh hdam i — ddy lén ciia cum nong phdo khi ban.
Tw khoa: Phdo 73mm; Dong luc hoc,; Xe chién ddu bé binh.
ABSTRACT

The 73mm gun type 2428 on the infantry fighting vehicle is a smoothbore gun designed to fire
OG-15V and PG-15V anti-tank shells, the barrel bottom is sealed when firing. The spring-hydraulic
reverse brake system helps absorb the entire force of the shot when reversing and pushing it to
the original position during work. In order to ensure the backward — push-up journey to meet the
requirements, it is necessary to build and calculate the dynamics problem of the cannon when firing
to determine the reasonable structural parameters for the construction process design material. The
article presents the steps to establish a system of differential equations to calculate the dynamics
problem of the cannon when firing, the results of the calculation of the internal launch, force,

velocity and travel of the reverse-push-up process of the cannon. cannon cluster when firing.

Keywords: 73mm cannon,; Dynamics, Infantry fighting vehicle.
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1. PAT VAN PE

Phdo nong tron ¢& 73mm kiéu 2A28
(Hinh 1) 14p trén xe chién d4u bo binh 1 loai
phao ban ty dong ban dan PG-15V va OG-15V
(st dung dau dan PG-9 va 0G-9) c¢6 tim ban
hiéu qua dén 1300m (véi dan PG-15V) va dén
4500m (dan OG-15V, ban & goc tam 30°). Day
la loai vii khi c6 cac tinh nang hda luc manh,
ban dan PG-15V, OG-15V véi phan liéu phong
dugc chira trong 6ng liéu (twong tu dan phao
thong thuong) khong c6 ludng phut khi ban.
Phao ¢6 co sd dan 1a 40 vién, tat ca duoc bd
tri trén bang tai cua co cAu nap dan; phdo dugc
nap dan bang mot co ciu nap dan riéng dit &
khoang chién dau xe bo binh.

Dé ¢6 co s& khoa hoc cho viée xay dung
tai liéu thiét k& dam bao phao sau khi ché tao
ludn hoat dong tin cay, can thiét phai xay dung
bai toan DLH dé nghién ctru anh hudng ctia cac
s6 thong sd két cau dén hoat dong cua sung.

2. BAI TOAN PONG LUC HQC MAY TU
PONG

2.1. Céu tao than phio 73mm kiéu 2A28

Phao nong tron ¢& 73mm (hinh 1) bao
gdm cac bd phan chinh: Nong, thiét bi ham lui,
mang phao, truc tai mang, cung rang tam. Khi
ban, dudi tac dung cua ap suét khi thude, dan
chuyén dong vé phia trude, cum nong chuyén
dong i vé phia sau. Toan bo hop luc day nong
bi hap thy béi thiét bi ham Iui thuy luc két hop
10 xo0 dugc ldp dong truc vdi nong phao. Hanh
trinh 10i ndm trong khoang tir 120+140mm

nhim dam bao khoang khéng gian hop 1y bén
trong thap phéo. Thiét bj ham 1i vira c6 chirc
nang ham 1ui vira ¢6 chirc ning ddy cum nong
phao 1én vi tri ban dau sau khi ban.

Pé tinh toan cac thong $6 dong luc hoc
khi bin cta phao, can xdy dung hé phuong vi
phan dong luc hoc cia may tu dong. Trong do
bao gdm sau phuong trinh vi phan thudt phong
trong ctia phao két hop hai phuong trinh dong
luc hoc khi lui va hai phuong trinh dong luc
hoc khi day lén.

2.2. Bai toan dong luc hoc may tu dong
Trén co so cac gia thiét co ban, két hop

voi két cau thuc té cua phéo, hé phuong trinh
bai toan dong luc hoc ctia phao nhu sau [1], [2]:

dz_ »
dt 1,
dy >\ dz
— =y (1+2Az+3puz" )—
ar = he ) o
dv epS
o, B2
dt dq
LN
dat
dw 1-0ad o\ dz dl
—= o(l+2Az+3 —+S—
i L (A D F
dp 1 >\ dz dw  O¢qv dv
— =—| fyo(l+2Az+3uz" ) ——p————"—— 1.1
dt W[X( m) P ¢ a] @Y
ﬂiPlg—(H+(DC+Rf—Qosinq))
dt M,
dx,
dt :
dv, TI-®,-R,-Q,sing
dt M,
dx
dtdl:vdl
Trong do:

- z: B& day chay thubc phong;

-y: Téc d6 chay cua thude phong;

- v: Van toc dau dan;

- I: Quang duong dan chay trong nong;
- w: Thé tich budng dbt;

- @ : Lyc ham thuy lyc khi Iui;

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023 175
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

- @’ : Lyc ham thuy lyc khi day lén;

- p: Ap suat khi thudc trong long nong;

- V;: Van tdc khoi i khi lui;

- X Quﬁng’ duc‘mg lui; 7

- V,: Van toc khoi 11‘1i7 khi day 1én;

- X,;- Quang duong day lén;

- R Luc can ll:li}

- R’ Luc can day 1én.
3. KET QUA TiNH TOAN

Str dung phuong phép tich phan sb trén
phin mém MATLAB 2011b giai hé phuong
trinh 1.1. V&i cac thong sb dau vao cua dan
OG-15V [3], théng sé két cdu ctia nong phéo,

thiét bi hdm 1ui [4] va tham khao [1], [2] thu
duoc cac két qua nhu sau:

3.1. Két qua giai bai toan TPT
a. Két qua thuit phéng trong
- Ap suét 16n nhat: 813,3 kG/cm?;
- Ap suét tai miéng nong: 46,21 kG/cm?;

- Van toc dau dan tai miéng nong: 403,5 nvs.

Do thi Ap suat khi thuoc trong long nong

o 1] = [
E B B B

Apsuat kN thues trong leng nong [KGfem?]
N
=

0 2 4 6 8 10 12 14 16 18
Chieu dai nong [dm]

Hinh 2. Do thi Ap sudt khi thudc trong long nong

Do thi Van toc dan trong long nong
450 T T H T T X: 1753 N
i ' H ' '

1) I AU S MU S S S A

360 f----

200~

Van toc dm [m/s]

H '
P 1 H H
L S S e e PR L T ST L A A
"
W

P * ¥ N SN S SO N S U S

4

J
i
2

o | I : N S NN « N N BN\
i :

i i .
8 10 12 14 16 18
Chisu dai nong [dmj

Hinh 3. D6 thi Vin toc dau dan trong long nong
3.2. Két qua bai toan PLH may tw dong
a. Qua trinh lui
- Lyc can Iui 16n nhét: 378,5 kG;
- Van t6c khdi 1ui 16n nhét: 30,49 m/s;

- Hanh trinh Iui: 132,9 mm.

x10 HOp luc gay nong thed thol gan
] i i i i
gHf Xoomz | Ll s R I fecend
Y. 541984004 ] j | 1
T4 .. ........ . ................ .. ........
e S s A e S
= ] i ] i H
2 ] i ] i 1
-1 | I e beeeens eienes (RO beenend
I2 i i i i r '
I R T |
L | S - E ........ | pp—— .E ........ i. ....... I " i. ........
i i i L] ]
: 1 : : L] :
i i i : i ]
0 1 | H ! | H
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Thoi gian [s]

Hinh 4. D6 thi Hop luc déy nong theo thoi gian
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Luc can Wi theo thei gian

400 T T T T T T
"EEEE
X0.0017 " " " . "
B0 v 3785 preeses : hEEEEE : boeeeeed
00 kk---- : ..... : ................ :. ........
H H H H
H H H
g =0 woTTTTTY YT H e
= H H H H
2 H H H H
§ 200H{---- oo B Feeeees
H H H H
] | . O S-S, R greeeees TR
................ R R ——
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Thoi gian [s]

Hinh 5. D6 thi Luc can lii theo thoi gian

Do thivan 1o khoi i theo thai gian

Wan toek hal i [mis]

i i i
L] 001 0.02 003 004 0.05 0.08 0.07
Thai gian [s]

Hinh 6. Do thi Vin téc khéi b theo thoi gian

Do thi hanh trinh khoi lui theo thoi gian

Hanh trirh khoi lui [dn]
o o
@ o -

o
»

H ' v 1
R T LT T TT [SSTRPRIS. EPRSIR IS

bt
i
T
H
-
)

0 om 0.02 0.03 0.04 0.05 0.06 0.0v
Thai gian [g]

Hinh 7. P6 thi Quang dwong lii theo thoi gian

b. Qua trinh day lén
- Lyc day 1én 16n nhét: 176,6 kG;

- Véan tdc déy 1én 16n nhat: 2,89 m/s;

Luc day len theo thol gan

200 - X: 0.0878 =T T T T T T
Y1788 i H H H | H
e e S s
O [ R S S S S oo

§ i : : . : E :
i ¥ S O N
k : : i : X: 05741 5
0 -.{ -------- r ------- -: -------- .: --------------- Y- 18,31 .-':--'-—
O
i i i i i i i
0.1 0.2 0.3 0.4 0.5 08 07
Thoi gian [s]

Hinh 8. Do thi Lyc ddy Ién theo thoi gian

\an toc day len theo thoi gian

= I T
. : !
| X:0.502 0
' o4
\
ki
i
i
h
:
i
—_— i
2 )
E :
Ié- ........ e ——— prmm e —— frmm— ===
[+]
= :
[ i
o ]
e | O R o e SEECTLELE O oo O oo Mo

..............................

0.1 0.2 0.3 0.4 0.5 0.6 07
Thoi gian [s]

Hinh 9. D6 thi Vin toc ddy 1én theo thoi gian
Nhin xét két qua tinh to4n:
Két qua tinh toan cho thay céac gia tri ap

suét 16n nhat, lyc ham lui, khoang dich chuyén
lui 16n nhat, lyc day 1én va van toc day 1én cua

cum ndng phao 1a phi hop. Khoang dich chuyén &
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lui 14 132,9mm nam trong gi6i han cho phép.
Két thic qua trinh ddy 1én, thiét bi him 1ui van
quay vé dang vi tri ban dau thé hién bang viéc
Hop lyc day 1én con tich trir mot lugng cé gia
tri 16,31[KG] béng luc nén ban dau cua 16 xo.
Nhu vay, vi¢c xay dung cac phuong trinh tinh
toan va xac dinh cac thong sé dau vao dé giai
bai toan 1a sat véi thuc té.

4. KET LUAN

Phéo 73mm kiéu 2A28 trén xe chién
d4u b binh 1a loai phéao lan dau duoc 1dy mau,
tinh toan thiét ké trong nudc nén can tinh toan
ky ludng dé dat duoc yéu cau khi lip dat trén
xe. Qua cac két qua tinh toan bai toan thuat
phoéng trong va dong luc hoc may tu dong &

trén c6 thé khang dinh hé phuong trinh dong
lyc hoc dugc xay dung hop ly. Luc ham lui,
day 1én va hanh trinh It dat dugc cac yéu cau
dé ra, khang dinh cac thong s6 két cau thiét ké
phi hop. <

Ngay nhan bai: 22/6/2023
Ngay phan bién: 12/7/2023

Tai liéu tham khdo:

[1]. Nguyén Ngoc Du, D6 Van Tho; Thudt phong
trong cua sung phao, Hoc vién K¥ thudt Quan
su, Ha Noi, 1976.

[2]. Pham Huy Chuong; Pong luc hoc vii khi tw
dong, Hoc vién Ky thuat Quan sy, Ha N,
2002.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
178 TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

MOT PHUONG PHAP GIA CONG BANH RANG TRU THAN KHAI
BANG KY THUAT CAD/CAM/EDM

ONE METHOD OF MANUFACTURING CYLINDE INVOLUTE GEAR BY USING
CAD/CAM/EDM TECHNOLOGY

Pham Thi Thiiy*, Nguyén Thanh Tung
Khoa Co — bién, Truong Pai hoc Mo — Dia chét

TOM TAT

Ngi dung bai bdo trinh bay mét phwong phép g dung cong nghé CAD/CAM/EDM dé thiét
ké va ché tao banh rang tru than khai. Bang viéc ting dung kj thudt CAD/CAM va cdc phwong trinh
todn hoc, bai bdo da dwa ra dwoc phwong trinh bé mdt banh rang than khai, tir dé xdy dung dwoc
dwong chay dao gia cong banh rang bang phwong phdp cat day (EDM). Két qua gia cong cho thdy
sai léch profile ciia banh rang gia cong theo phirong phdp nay ¢é dung sai nhé hon 0,01 mm. Sai s6
nay phit hop véi yéu cau ky thudt cia banh rang dang g dung trong thue té.

Tw khoa: CAD; CAM; EDM; Banh rang than khai.
ABSTRACT

The content of the article presents a method of applying CAD/CAM/EDM technology to
design and manufacture gears. By applying CAD/CAM techniques and mathematical equations, the
article has given the equation of the involute gear surface. Thereby building the toolpath program
for gear machining by wire cutting method (EDM). The machining results show that the profile
deviation of the gears machined by this method has a tolerance of less than 0.01 mm. This tolerance
is consistent with the technical requirements of the gears.

Keywords: CAD; CAM; EDM; Involute gear

1. PAT VAN DPE

Gia cong ché tao may, truyén dong banh
rang chiém mot vi tri rt quan trong, chung 1a
nhirmg co cdu dong vai trd cha yéu trong hau
hét cac may. Co rat nhidu cac loai banh riang
khac nhau, trong doé banh rang tru than khai la
loai phé bién nhét [5]. Cac banh ring chi yéu
duoc gia cong trén cac may cit ring chuyén
dung. Trong thuc té, nhiéu khi chung ta gip

phai cac banh ring phi tidu chuan, viéc dau tu
cac mdy moc cling nhu dung cy chuyén dung
dé gia cong cac banh ring nay s& gy lang phi.
O nudc ta hién nay, cong nghé CAD/CAM/
EDM dang duoc str dung kha rong rai. Mot van
dé duoc dat ra d6 1a néu tmg dung duoc cong
nghé CAD/CAM/EDM trong viéc thiét ké va
ché tao banh riang thi s& dem lai rat nhiéu loi ich

[6]:
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- Str dung céc loai dung cu van nang r¢ tién.

- Co thé gia cong duogc cac banh rang phi
tiéu chuan ma khong can dau tr may moc cling
nhu cac dung cu gia cong rang chuyén dung.

- Khong c6 hién tuong cit lem chan
rang. Co thé to1 wu hoa goéc lugn chan rang dé
tang do bén.

Bai bao nay trinh bay mot phuong phap
gia cong banh rang try than khai bang tng dung
cong ngh¢ CAD/CAM/EDM, ttir d6 dua ra danh
gi4 vé hiéu qua ciia phuong phép.

2. XAY DUNG MO HINH TOAN CHO BE
MAT BANH RANG

2.1. M6 hinh toan bé mit banh ring tru than
khai

Pé thiét 1ap phuong trinh, ta dung hai hé
truc toa do: Hé truc toa do Oxyz la hé truc toa
do cd d,inh; H¢ tryc O x,y,z, 1a h¢ truc chuyéf:n
dong gan voi duong than khai (Hinh 1) ma bieu
dién su chuyén dong X04an vit cd quan hé voi h¢
¢d dinh.

Gia str rang mit phing cong L duogc biéu
dién trong hé toa do O,(x,,yv,z,) bang phuong
trinh (Hinh 2): x, =x,(0); y, = y,(0); z, = 0; 0 <
0<0,.

Hinh 1. H¢ truc toa do Oxyz va O xy z,

Tréc:chuyCh Gng 2o vi7

Hinh 2. Mat Helicoid

Trong d6, tham s6 0 1a bién s6 doc lap.
Bé mit biéu dién duoc xac dinh trong hé toa do
Oxyz bang phuong trinh sau [1]: r =M, .r,.

X X, (0)
e |V e O],
Vo1V = Z N I/i - 21(6’) 5
1 1
cosy -siny 0 O
sin cos 0 0
j‘41 — l// l// (1)
0 0 1 py
0 0 0 1

X=X ,(0).cosy -y,(0).siny
r=M r —y=x,(0)siny +y,(0).cosy  (2)
z=py
Phuong trinh ndy biéu dién mot mat
cong Helicoid v6i hai tham s6 6 va vy, do do
mot diém trén bé mat s€ xac dinh bdi gia tri cua
v va 0:

¥or!

a

Hinh 3. So' do tinh préfin banh ring than khai
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V6i: r_ la ban kinh vong co's; 1, 1a ban
kinh vong chia; r_la ban kinh tmg v6i diém M
bat ky trén profin; r_1a ban kinh dinh rang; r, 1a
ban kinh chan rang.

Xét mot diém M(x,y) trén profin than
khai phia phai ctia banh rang ¢6 ban kinhr . Toa
d6 diém M duogc xac dinh théng qua phuong
trinh tham s6 nhu sau [2], [3], [6]:

xM :}"x,Siné‘x :rx'Sin(50+€x) (3)

Yy =15-€080, =7,.c08(5, +0,)

Trong d6: 0 = invo,

r
r=—=° —> o _=arcos(r/r) (4)
cosa,
S, mm
8o = & — InvoL ¢ 2r, 22r,

Tu do, ta co:
x=r,.[sin(6, +J,).cosy —cos(6, +J,).siny]
y=r.[sin(0, +9;).siny +cos(6, +0,).cosy ]
x=r,.[sin(0, +5,—-y)] 6)
y=r.[eos(0,+3,~)]

Phuong trinh téng quéat ciia bién dang
than khai phia phai c6 dang:

x=r,.sin{(tg(arccos :—0)) —(arccos :—0) +0,-V}

y =r,.cos{(tg(arccos :—0)) —(arccos :—0) +0,~wi(7)

z=py

Phuong trinh mat x04n vit phu thudc 2
thamso y var :

0<WY=wWnax:10 <1 <1 (8)

Bing cach twong tu, ta xay dung dugc
phuong trinh cua bién dang than khai phia tréi
c6 dang nhu sau:

x= —rx.sin{(tg(arccos:—o)) - (arccos:—o) +0 Y}

X X

y=r..cos{(tg(arccos :—0)) - (arccos:—o) +0,+y} (9)

I=py

2.2. Chuong trinh xac dinh banh rang tru
than khai

Tir cac phuong trinh (7), (9) va diéu
kién (8), ta xac dinh duoc so do thuat toan.

Béanh rdng mau can v€ c6 cac thong so
nhu sau: M6 dun m = 10; s6 rang Z = 17; goc
ap luc trén vong chia a = 20°.
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Chuong trinh AUTLOLIST vé banh rang
(defun grinfo()
(setq m (getreal "\nMo dun phap mn: "))

(setq gak (getreal "\nGoc ap luc : "))
(setq bta (getreal "\n Goc nghieng cua rang: "))

(command "circle" '(0 0 0) re)
(command "zoom" "e"))

Mo hinh banh rang tru than khai duwgc xay
dung qua cac budc sau:

Bude 1: Tai chuong trinh vao modi
truong Autocad.

Budc 2: Tao bién dang 2D.
Budc 3: Tao bién dang 3D.

Két qua banh rang nhu hinh 4.

Hinh 4. Banh rang than khai

Bénh ring sau khi thiét ké hoan thién
trong moi trudng 3D s& duogc st dung vao tiép
trong k¥ thuat CAM mo phong gia cong trudc
khi gia cong trén cac may CNC.

3. THUC NGHIEM VA KIEM TRA

3.1. Tao chwong trinh NC cit diy bién dang
rang va gia cong banh rang

Thoéng s banh rang: M6 dun m = 10; S6
rang Z = 17; Goc éap luc trén vong chia o= 17°.

Chon may cit diy DK7730: Téc d6 gia
cong toi da: 120 (mm%phut); D6 bong bé mait
t6t nhat: Ra = 2.5 (um); Do chinh xac gia cong:
0,015 (mm).

Dién ap danh tia Itra dién U, = 90 (vOn);
b0 keo dai xung t = 0,5 (gidy).

Khoang cach xung t: Chon t = 10
(gidy); Toc d6 cat 110 (mm?/phat).

Dién cuc la day mdlipden dudng kinh
0,18 (mm).

Qua trinh tao chuong trinh NC va gia
cong banh rang duoc thuc hién theo cac budc:

Budc 1: Xuat v& banh ring 2D tir
Autocad sang moi trudng Mastercam.

Budc 2: Thiét 1ap duong dung cu.

Budc 3: Xuit file NC cit day banh ring
try than khai ring thang.

Budc 4: Cai dat phoi trén may.

Budc 5: Nhap chuong trinh gia cong
vao may cat day va gia cong.
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e
!
|

s

Hinh 6. Do banh rang trén may do toa do

3.2. Kiém tra banh ring tru than khai ring
thing bang may do toa dd

Céc budc qud trinh do va thuat toan
kiém tra:

Budce 1: Chuyén toa do cac diém do tir
géc toa do may (X _,Y )sang géc toa do chi tiét
(Xp,Yp).

Budc 2: Tinh ban kinh r, tai mdi diém

. , 2 | v2 .
do theo cong thucr, =,/X  +¥ vi so

sanh vai r, d€ loai bo nhitng difm mar_<r,.

Budc 3: Vé lai toa do cac diém do trén
phan mém Autocad, v& dudng tron co s¢ ban
kinh r; = r.cosa. Tai moi di€ém do, ta dung hinh

xac dinh géc ham than khai va goc ap luc tai
diémxl1a0 vaa.

Budce 4: Tinh gid tri tgo, — o, va so sanh
voi 0. Piém x nam trén dudng than khai cia
vong tron co s¢ (O, r,) khi toa d0 cta n6 thoa
man phuong trinh cta duong than khai: 0 =
tga —a . Sai s6 goc 0 1a A0 =0 —(tga —a).

Budc 5: Tinh sai s6 tai mdi diém do.

A=t AD

Thuit toan kiém tra

Input

!

Enter co-ordinate
(Xi; Yi)a izl’l’l

No
@ End

Remain m point
m<n

Specify 6;; o,

ABi= B -(tgoy-ay)

!
A=A R
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Sai léch profile banh rang
0.008
0.006
0.004
0.002

-0.002
-0.004
-0.006

Sailéch profile (mm)

-0.008
-0.01

-0.012

Hinh 7. Sai s6 profile ring

Hinh 7 thé hién sai s profile ring cta
banh rang cit day, sai s6 16n nhét dat 0,01 mm.
Sai léch dugc thé hién ca sai sd duong va sai
s6 am. Diéu nay giai thich duogc do sai sb cua
budc cit day. Vi sai sb nay thi chat luong ché
tao bang phuong phap EDM dap tng duoc yéu
cau.

4. KET LUAN

No6i dung bai bao da xay dung duoc
mo hinh toan bé mit banh ring than khai. Tur
do, xay dung dugc chuong trinh Aulolist dé vé
banh rang. Qua trinh thuc nghiém gia cong dua
trén phuong phap cét diy (EDM) cho sai léch

profile bién dang rang khong qué 0,01 mm.
Sai s0 nay dap ung yéu cau ky thuat veé ché tao
banh rang. <
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XAC BINH CAC THONG SO HOP LY CUA MAY SANG TACH RUQT
CHANH DAY TRONG HE THONG MAY TACH RUOT CHANH DAY

DETERMINING REASONABLE PARAMETERS OF PASSION FRUIT PULP
SEPARATOR IN PASSION FRUIT PULP SEPARATOR SYSTEM

Lwong Vian T¢6i, Huynh Cong Lén
Khoa Co khi, Truong Pai hoc Bach khoa, Pai hoc Quoc gia Thanh phd H6 Chi Minh

TOM TAT

Trong quy trinh tach rudt chanh day, sau khi trai chanh ddy dwoc cdt ra thanh nhiéu phan
nhé thi ta thu dwoc hon hop bao gém Vo va ruot. Viéc tié'p theo la can tach riéng biét dung dich rugt
chanh ra khoi vé. Viéc nay dwoc thuc hién béi mady sang. Tuy nhién c6 nhiéu yéu t6 anh hwéng dén
hiéu qua ciia viéc phan tach nay. Trong bai bdo ndy sé tdp trung nghién ciru tim ra cac thong sé hop
Iy ciia may sang dé nham dam bdo hiéu qud ciia viéc tach rudt chanh ddy la cao nhat, diéu nay dong
nghia véi viéc rudt chanh day con sot lai va dinh theo vé chanh thdi ra ngodi la thdp nhat, giam bot
dwoc sy hao hut va lang phi.

Tir khéa: Tdch rudt chanh ddy; Tach dich chanh day; Mdy sang ong.
ABSTRACT

In the process of separating the passion fruit pulp, after the passion fruit is cut into many
small parts, a mixture of lemon peel and pulp is obtained. The next thing is to separate the pulp
from the peel. This is done by the rotary screening machine. However, there are many factors that
affect the efficiency of this separation. In this paper, the research will focus on finding out the
optimal parameters of the rotary screening machine to ensure the highest efficiency of passion fruit
separation. This means that the remaining passion fruit pulp and sticking to the peel is the lowest,
reducing wastage and waste.

Keywords: Rotary screening machine, Passion fruit pulp separator.

1. TONG QUAN

Ngay nay, cic san pham tir chanh day
tr& nén phd bién va mang lai nhiéu loi ich cho
suc khoe con nguoi. Trong do, rudt chanh day
dugc st dung nhiéu nhit. Bé léy duoc ruot
tir qua chanh diy, cac doanh nghiép ché bién
chanh diy c6 thé cho cong nhan thuc hién

béng tay hodc dugc thuc hién hoan toan béng
may moc. Ddi véi truong hop cong nhan thuc
hién bang tay thi qua chanh diy duoc cat ra
lam d6i va cong nhan st dung mudng dé muc
rudt ra. Phuong phap nay thyc hién don gian,
rudt chanh day gan nhu duoc 14y hét hoan toan
nhung ning suit khong cao, phu thudc vao tay

nghé ctia cong nhan. Dbi voi phuong phéap tach &
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rudt chanh diy bang may, qua chanh day dugc
cit nho hodc bi ép v ra thanh nhiéu miéng nho,
sau d6 s& qua sang phan tach dé tach rudt ra
khoi vo. Phuong phap niy cho ning suit cao,
khong phu thudc vao trinh do tay nghé cong
nhan nhung vi¢c tach hoan toan rudt ra khoi
v6 van chua duoc thuc hién triét dé, rudt chanh
day van con dinh vao vo, hiéu qua ciia cic may
hién c6 trén thi truong nam trong khoang 80-
85%. Trong bai bio niay, mot mo hinh 16ng
sang dugc nghién ciru véi hai thong sb chinh
anh huong dén hiéu qua tach rudt ra khoi vo 1a
tdc do quay va goc nghiéng cua sang. Mot mo
hinh 10ng sang dugc ché tao va két qua ctia cac
thong s can nghién ciru dugc xac dinh bang
thuc nghiém.

2. THIET KE HE THONG THIET BI
2.1. Thong s6 ban diu

Goc nghiéng sang (d6) va toc o6 quay
(vong/phiit) ca truc sang 13 hai thong s chinh
dugc trinh bay trong bai bao nay. Vat liéu dau
vao 1a hon hop vo chanh day va rudt chanh day
14n 16n sau khi chanh day duogc cit nho ra thanh
12 manh/trai (viéc t6i wu sd lugng manh vo
chanh day can cit nho dugce trinh bay trong mot
nghién ctru khac). Sang s€ lam nhiém vu tach
v va rudt chanh ra thanh hai phan riéng biét.

Céc kich thudc ban dau cua long sang
nhu sau:

- Chiéu dai 16ng sang: 500mm;

- Puong kinh 16ng sang: 250mm;

- L6 ludi sang 12 16 tron co duong kinh
6mm;

- Goc nghiéng 16ng sang c6 thé thay doi
tlr 10° dén 60°;

- Tbc d6 vong quay cua truc sang c6 thé
thay d6i duoc bang bién tan.

2.2. Céu tao, nguyén Iy hoat dong

B§ phan lam viéc chinh cua sang gém
ludi sang ¢d dinh va truc quay cé gin canh.
Hon hop vé va rudt chanh duoc dua vao mot
dau cua sang. Dudi tac dung cua truc quay c6
gin canh, ching duoc dao tron va quay theo
canh. Khi ching quay s¢€ sinh ra luyc ly tam va
dong thoi chiu tac dung cua trong luong ban
than. Tdc d6 truc quay dam bao hdn hop duogc
dua 1én cao va roi xudng, khi chung roi xuéng
s& gy ra va cham vao nhau, chinh vi diéu nay
s& gitp hat va vo tach roi nhau dé dang hon.
Céc canh gan trén tryc nghiéng mot goc so voi
phuong doc truc nén khi chiung quay s€ gay
ra hai luc tdc dung: mot luc s& nang hon hop
1én cao va roi xudng, mot lyc day hdn hop di
chuyén doc truc dé dua san pham ra dau con lai
ctia 10ng sang. Cau tao va nguyén 1y hoat dong
ctia sang duoc thé hién trén hinh 1 voi luéi sang
(chi tiét s6 1) ¢6 18 tron dwoc gan vao khung
c¢6 dang dng tron va truc quay c6 gin canh (chi
tiét s6 2). M6 hinh may sang duoc thiét ké hoan
chinh bang phan mém 3D dugc thé hién trén
hinh 2.

Hinh 2. M6 hinh mdy sang duwoc thiét ké bang
phan mem 3D
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2.3. M6 hinh ché tao

Mo hinh 10ng sang duoc ché tao va lap
rap nhu hinh 3.

Hinh 3. M6 hinh mdy sang sau khi ché tao, ldp rdp
3. THUC NGHIEM VA KET QUA

Pé danh gia hiéu qua cua viée tach rudt
chanh day ra khoi vd, chung ta dya vao chi so
“hi¢u suat” (H%). Chi so nay dugc tinh nhu
sau:

H ="1x100%
m,
Trong do:

m, — Kh?)i lugng rudt chanh sau khi
duogc tach bang long sang;

m, — Khéi lug’ng rudt chanh sau khi
duogc tach hoan toan bang thu cong.

Vi¢e thuc nghiém dugc tién hanh véi hai
thong s6 hiéu chinh do6 1 goc nghiéng sang va
toc do quay cia truc sang. Véi goc nghiéng sang
dugc chon & cac gia tri 2°, 3°, 4°, 5°, 6° va tde
do quay cua truc sang dugc thuc nghiém vai cac
gia tri 100, 120, 140, 160, 180 vong/phut.

Hon hop vo va rudt chanh day sau khi
qua chanh day duoc cét nho thanh 12 manh/trai
dugc thé hién & hinh 4.

Hinh 4. Chanh dwoc cdt nhé truée khi sang

Hinh 5 thé hién két qua vo chanh duoc
tach ra khoi rudt sau khi qua may sang.

Hinh 5. Két qua sau khi sang

Két qua thuyc nghiém duoc thé hién
trong bang 1.
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Bang 1. Két qua thiee nghiém

Hiéu suit tach rudt chanh diy ra khéi vé (%)
Goc nghiéng (°)
’ 20 30 40 50 6°
Toc do truc sang (v/p)

100 87.8% 87.2% 86.7% 85.1% | 83.8%
120 89.8% 89.0% 88.1% 86.7% | 85.1%
140 0 92.6% 91.5% 90.1% | 88.4%
160 0 0 92.5% 95.9% | 93.5%
180 0 0 92.2% 93.4% | 91.6%

Ghi chii: Céc triwong hop c6 hiéu sudt bang “0” la khi do s két hop giita géc nghiéng sang
va téc do vong quay lam cho rudt va vé chanh ddy khéng di chuyén doc truc ma chi quay tqi ché,
dan dén ndng sudt khéng théa mén nén cdc triecong hop nay khong quan tam dén hiéu sudat.

Hinh 6. Moi quan hé gitta hiéu sudt véi goc
nghiéng va toc do quay cua truc sang

Hinh 6 thé hién két qua cua hi¢u suét
sang phu thudc vao gbc nghiéng va toc do quay
cua truc sang.

Str dung phuong phap quy hoach thuc
nghiém, ta tim dugc phuong trinh héi quy cua
hiéu suat:

y=79.584-0.4636x, +14.24x,

Trong do: x, la bién tc d6 quay cua
truc; x, la bi€n géc nghiéng sang.

4. KET LUAN
Thong qua bai nghién ctu, chung ta

tim hiéu vé cdu tao va nguyén ly hoat dong
clia may sang 16ng truc quay, qua d6 di thuc

nghi¢m dé khao sat su phu thudc ctua hi¢u qua
sang vao goc nghiéng sang va toc do quay cua
truc sang. Thong qua phuong phép quy hoach
thuc nghiém, ching ta di tim ra thong sé hop
1y ctia goc nghiéng sang va toc d6 quay cua truc
nhim dam bao hiéu qua sang 1a cao nhét. Qua
do, co6 thé ap dung két qua nghién ctru ndy vao
san xut ché tao cac mdy sang trong hé thong
tach rudt chanh day. <

Ngay nhan bai: 11/8/2023
Ngay phan bi¢n: 23/8/2023
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PHAN TiCH PONG HOC ROBOT CONG NGHIEP BANG LY THUYET
TRUC VIT

KINEMATIC ANALYSIS OF AN INDUSTRIAL ROBOT USING SCREW THEORY

Nguyén Pha Sinh, Nguyén Thi Hai Van
Truong Pai hoc Su pham Ky thuat, Pai hoc Pa Nang

TOM TAT

Phwrong phdp mé hinh héa khdu va khép dwa trén théng sé Denavit — Hartenberg (DH)
duwge dé xuat béi hai nha khoa hoc Denavit va Hartenberg, Dai hoc Chicago thuong dwoc si dung
dé gidi cdc bai todn vé dong hoc cia canh tay robot néi tiép. Phwong phdp mé hinh héa ndy cho
phép xdc dinh dwoe méi lién hé giita cdc hé toa do gan trén khdp cia robot. Mot trong nhitng diém
kho khan trong viéc xac dinh thong s6 Denavit - Hertenberg la dat cac hé truc toa do va xac dinh
cau hinh robot & ban dau. Néu vi tri ban dau nay thay doi, thi viéc dat lai hé truc toa dé va tham sé
DH sé thay déi theo. Chinh vi vdy, bai bdo ndy trinh bay phwong phdp gidi bai todn déng hoc thudn
robot néi tiép bang phwong phdp tinh tich céc ham mii tw nhién PoE (Products of Exponentials) dia
trén co sé 1y thuyét truc vit (Screw theory). Mdc div Iy thuyét todn hoc ciia phwong phdp nay phirc
tap hon so véi phwong phdp mé hinh héa khdu va khép theo thong sé DH, nhung viée dét hé truc
toa do cua robot thi don gian hon kha nhiéu.

Tir khoa: Robot céng nghiép; M6 hinh héa; Ly thuyét truc vit; Pong hoc thudn; Mé phong.
ABSTRACT

The Denavit — Hartenberg parameter method proposed by two scientists Denavit and
Hartenberg of the University of Chicago is widely used for solving the kinematics of manipulator.
This method allows to determine relationship between coordinate frames attached to the joints of
the mechanism. One of the disadvantage of this method is determining the initial configuration of
the manipulator and its initial posture changes will cause the motion range of joints and parameters
will be changed accordingly. In this work, the Product of Exponentials based on the Screw theory
is investigated to solve the kinematics of the serial manipulator. Although this method is a bit more
difficult to understand than the DH parameter metthod, it provides a simple process to determine
the coordinate frames and robot configuration.

Keywords: Industrial robot; Modeling; Screw theory, Forward kinematics; Simulation.
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1. PAT VAN PE

Theo théng ké trén thé gidi, thi trudng
robot cong nghiép co ty 1¢ ting trudng rat cao,
do chi phi san xuat tay may ngay nay da giam
nhiéu so v6i trudc ddy va nhu cau st dung robot
dé thay thé con ngudi trong cac nhiém vu phirc
tap doi hoi k¥ nang, dd chinh xac cao hoac lam
viéc trong moi truong doc hai cang tang. Chinh
vi vy, van dé hiéu bai toan dong hoc robot dé
ho trg trong viéc tiép can va van hanh robot cua
mdi k¥ su, cir nhan k¥ thuat 1a rit quan trong
nhim dap tmg duoc nhu cdu caa doanh nghiép
v& nhan sy diéu khién va van hanh robot. Dé
lam duogc viéc do, nguoi van hanh phai ndm
virng mo hinh dong hoc cia canh tay robot.
Hién nay, nhiéu phuong phép giai bai toan dong
hoc robot da dugc gidi thi€u nhu phuong phéap
hinh hoc [1], phuong phap sé nhu mang noron
nhan tao [2] va phd bién nhat 1a phuong phap
mé hinh héa thong sé Denavit — Hartenberg
(DH) dugc dé xuét boi hai nha khoa hoc cua
Truong Pai hoc Chicago, My vao nam 1955
[3]. Sau nay, phuong phap md hinh héa DH
nay dugc nhiéu nha khoa hoc nghién ciru hoan
thién hon va duogc ap dung rong rai. Tuy nhién,
viéc dat hé truc toa do cho canh tay robot va
xac dinh bo thong sé DH van con nhiéu phirc
tap. Chinh vi vay, phuong phép “tich cac ham
mil ty nhién” (Products of Exponentials) dua
trén 1y thuyét truc vit da duoc nghién ctu va
ap dung vao giai cac bai todn dong hoc robot.
Nam 1984, Roger W. Brockett [4] 12 ngudi ddu
tién st dung phuong phap nay dé giai bai toan
robot 1dn dau tién. Trong phan dudi day ciia bai
béo, nhom tac gia trinh bay tom tit co s Iy
thuyét va ap dung dé phén tich dong hoc canh
tay robot ABB IRB120.

2.COSOLY THUYET TRUC VIT

Ly thuyét truc vit hay Iy thuyét vit

(Screw theory) 1a mét cong cu toan hoc dung
dé giai cac bai toan vé dong hoc va dong luc
hoc cac hé truyén dong co khi. Nam 1763,
Mozzi 1a nguoi dau tién dé xuat 1y thuyét nay
nhung dén nim 1900, Ball m&i hé théng hoa
thanh 1y thuyét [5]. Nam 1999 va nim 2004,
Tsai va Hunt da phat trién 1y thuyét nay trong
viéc giai cac bai toan dong hoc hinh hoc. Theo
dinh 1y Chales thi bat ctr chuyén dong cua vat
ran c6 thé xem 1a chuyén dong quay quanh mot
truc va tinh tién song song voi truc d6 (Hinh 1),
chuyén dong nay duoc goi 1a su dich chuyén
truc vit (Screw displacement). Trudc tién,
chung ta tim hiéu vé 1y thuyét truc vit ddi voi
hé vat rin tuyét dbi.

V/

Hinh 1. Co s6 Iy thuyét truc vit — Screw theory

Gia sir vat ran A ¢ dinh c6 hé toa do
co s& 1a Axyz va mot vat rin B chuyén dong c6
hé toa d6 Bxyz, khi d6 ma tran biéu dién vj tri
va hudng cua vat ran B dbi v6i vat ran A c6 thé
biéu dién nhu sau:

SE(3) = {[g i’] :RESO3),b € R3} (1)

Trong do, R 1a ma tran quay cua h¢ toa
do Bxyz do6i véi h¢ toa dd Axyz, b 1a véc to biéu
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dién toa d6 cua cua hé toa do B doi véi hé toa
do A, SE(3) dugc goi 1a nhém Euclid ddc biét
thudc nhom Lie, SO(3) la nhom truc giao dac
biét.

Gia st trén vat ran B, ¢o6 toa do diém P
biéu dién bdi véc to Bp, khi do6 toa do cua diém
P doi voi hé toa do Axyz la:

A =RB +b )

Dao ham theo thoi gian phuong trinh
(2), ta dugc:

v, —op+b —adb=w x Ap+b—wxbhb

=wxAptbtbxw 3)
Trong d6, @1a ma tran van toc goc, @
la véc to van toc goc.

Khi d6, mot truc vit (Screw)
§=(wb+bx a)) = (@, V)dugc goi la Twist,
trong d6 V 1a van téc cua mot diém trén vat rin
chuyén dong.

Néu b 1a hing sd, nghia la vat
rin B chi chuyén dong quay, lac dé
V=b+bxw=bxw nén Twist trong
trrong hop nay la &=(w,bxw).

Néu vat rin B chi chuyén dong tinh
tién, khong c6 chuyén dong quay thi @ = 0 va
Twist trong truong horp nay la ¢ = (0,b). Mot
twist & = (w,V) co thé biéu dién dudi dang ma
tran nhu sau:

s _[@ V
§=2 )
0 0
Theo ly thuyét truc vit, ma tran bién d6i
cua vat ran B co6 thé biéu dién dudi dang ma
tran thuan nhat dudi dang ham s6 m:

80 — [ {*; 5'1"] v6i trudmg hop = 0 (5)

Hoac

280 — [ezaa (I—e®)(wxV)+ Qa)cuTV]
0 1

véi trudng hop @ # 0 (6)

Trong do:
e® =1+ @sin(0) + ®*(1— cos(9)),
day 1a cong thirc Euler-Rodrigues.

Gia sir ban dau hé toa do Bxyz ¢6 toa
d6 twong ddi dbi v6i hé toa do Axyz biéu dién
theo ma tran 8, (0). Sau @6, hé toa do Bxyz di
chuyén tinh t1en mot doan 0 hodc quay quanh
mot truc mot goc 6. Khi do, toa do tuong dbi
ctia hé Bxyz ddi v6i hé toa do Axyz la:

Fap(8) = € g, (0) (7)

Néu chung ta ap dung cong thic (7)
cho mot chudi dong hoc n khau lién tiép nhau
nhu canh tay robot ndi tiép thi ta xac dinh duoc
phuong trinh dong hoc robot nhu sau:

gab(ﬂ) = e%lele$2628$363 me%nengab((]) (8)

Trong mot s6 tai liéu thi ma tran toa do
ban dau cua h¢ Bxyz d6i v6i h¢ Axyz g, (0) con

duoc ky hidu 1a €%ab, trong d6 $abla Twist
cua h¢ Bxyz d6i véi h¢ Axyz & vi tri ban dau.

3. PHAN TICH PONG HQC ROBOT
CONG NGHIEP ABB-IRB120

Trong phan nay, nhom tac gia ap dung

Iy thuyét trinh bay ¢ muc 2 dé phan tich robot &
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ABB-IRB120 c6 kich thudc nhu hinh 2. Ta tim
duogc toa do cac diém trén truc khép:

p1 = [0,290,0]7; p, = [0,290,0]; p5 = [0,560,0];

P4 = [302,630,0]"; ps = [302,630,0]"; pg = [302,558,0]"

Véc to chi hudng cua céc truc vit:

sy = [0,1,0]"; s, = [0,0,1]"; 53 = [0,0,1]"

sy = [1,0,0]"; s5 = [0,0,1]"; 56 = [0,—1,0]"

463
302 72

Hinh 2. Hé toa do va kich thudc cua robot ABB
IRB120 (hinh b cung cap boi nha san xuat)

Khi d6, chung ta xac dinh dugc Twist
cua cac khop nhu sau:

¢, =[0,0,0,0,1,0]"; & = [290,0,0,0,0,1]"; &5 = [560,0,0,0,0,1]"

&, = [0,0,-560,1,0,0]"; & = [630,-302,0,0,0,1]": & = [0,0,—302,0,—1,0]"

Va xac dinh dugc ma tran g, (0):

0 -1 0 302
_]10 0 —1 558
0 0 0 1

Tur d6, hé phuong trinh dong hoc robot dugc
xac dinh nhu sau:

gap(0) = 41018202 08363 _._egsﬂsg‘w(g) 9)

Sau khi giai phuong trinh (9), toa do
ctia co cau chip hanh sé& duoc xac dinh. Nhom
tac gia kiém nghiém bang cach thay doi gia tri
goc quay cua céac khép 0. (i = 1-6) va xac dinh
chinh xac toa do6 cua robot nhu thé hién trén
hinh 3.

Tipa i S B el Sl Sabc geler B bl el

=55

0 -4

= -

-y

51
0]

=0 )

e = - " oo -
- ==t y_,;_.- - : ) -
X v ] B b1 ¥ [
Hinh 3. Két qua mé phong robot
4. KET LUAN

Bai béo trinh bay co so 1y thuyét truc
vit va phuong phép tinh tich cac ham mi tu
nhién PoE dé giai bai toan dong hoc ctia canh
tay robot ndi tiép. Co so Iy thuyét da duoc ap
dung dé giai bai toan dong hoc thudn robot
cong nghiép ABB-IRB 120 ciia hing ABB. Két
qua dugc kiém nghiém va so sanh véi dir li¢u
clia nha san xuat. Ly thuyét trinh bay trong bai
bao 13 co s dé nhom cung cac nha khoa hoc
tiép tuc nghién ctru va ap dung Iy thuyét nay dé
gidi cac bai toan vé mo hinh van tdc, gia tc va
dong luc hoc robot.

Loi cdm on:
Nghién ctru nay dugc tai trg kinh phi

boi Truong Pai hoc Su pham Ky thuat, Pai hoc
Da Ning trong dé tai c6 Ma s6 T2022-06-26. 4
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THIET KE VA CHE TAO MAY PHAY CNC CHI PHi THAP SU* DUNG
BO PIEU KHIEN PA NHIEM QS-H7KA

DESIGN AND MANUFACTURING OF A LOW COST CNC MILLING MACHINE
USING MULTI-PURPOSE CONTROLLER QS-H7KA

Hoang Trong Hiéu, Nguyén Tran Hoai Bio, Bui Minh Diing, Trin Minh Hiéu, Nguyén Pham
Hung Vi, Nguyén Phi Sinh
Truong Pai hoc Su pham K thuat, Pai hoc Pa Nang

TOM TAT

Mdéy CNC (Computer Numerical Control) dong vai tré quan trong trong san xudt hién dai.
So véi cdc phirong phdp gia cong truyén thong, may CNC ¢6 thé gia cong hoan thién bé mdt chi tiét
16t hon voi d chinh xdc cao hon. Tuy nhién, quy trinh ché tao may CNC hién nay van con khd phiec
tap, gid thanh san pham khd cao. Chinh vi vdy, chi ¢é rat it doanh nghiép ¢ thé dau tw dé lam chi
cong nghé nay va viéc trang bi thiét bi nay phuc vu trong dao tao cang khé khén cho cdc truong Pai
hoc va Cao dang. Pé gidi quyét van dé nay, bai bdo sé trinh bay phirong phdp gia cong ché tao mot
mady phay CNC mini sir dung bé diéu khién cong nghiép OS-H7KA véi gia thanh thap. May CNC
sau khi ché tao da dwoc danh gid thir nghiém bang cdch gia cong mot sé san pham go. Két qua cho
thdy chdt lwong san phdam gia cong cé thé chap nhdn dwoc trong vmg dung thue té.

T khéa: Mday CNC; Mday CNC mini; May phay CNC; Gia cong cdt got; BY diéu khién cong
nghiép.

ABSTRACT

CNC (Computer Numerical Control) machines plays an important role in modern
manufacturing. These machines provide better quality of surface finish and higher accuracy in
comparison with the traditional machining methods. However, the manufacturing process of these
types of machinery are still complex with high cost. Consequently, only few companies are able
to invest in their own machines and it is more difficult for universities or colleges to equip these
machines for educational training. In order to solve these matters, this paper presents a method of
manufacturing a CNC milling machine using an industrial controller QS-H7KA with low budget.
The machines are then evaluated by machining several solid wood products. The results shows that
acceptable quality in applications.

Keywords: CNC machine; Mini CNC machine; CNC milling machine;, Machining;
Industrial controller.
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1. PAT VAN PE

Trudc day, cac chi tiét may c6 hinh
dang phurc tap thuong dugc chia thanh nhitng
phan nho, don gian dé gia cong thi cong. Sau
d6, chung dugc ghép ndi lai voi nhau thanh chi
tiét hoan chinh bang cac mdi ghép co khi. Viéc
gia cong nay khong dam bao do chinh xac cao,
chi phi tén kém cao. Sau nay, cong nghé chép
hinh c6 thé gia cong dugc nhitng chi tiét phirc
tap hon. Tuy nhién, viéc gia cong ndy van con
nhiéu nhuoc diém nhu ning suit thap va kho
dam bao dd chinh xac cao. Vi vay, viéc ap dung
diéu khién sd vao may cong cu la mot budc tién
nhay vot vé cong nghé gia cong. Piéu ndy dam
bao d6 chinh xéac cao, c6 thé gia cong dugc cac
chi tiét phirc tap. May gia cong duoc diéu khién
tu dong bang may tinh hay thuong duogc goi tat
la may CNC (Computer Numerical Control) co
kha nang diéu khién chinh xac vi tri va chuyén
dong cua cac cong cu cit hodc gia cong, dua
trén cac 1énh duoc 13p trinh trude. Hién nay,
may CNC hién nay van c6 gia thanh kha cao do
quy trinh san xuat may CNC con kha phic tap.
Chinh vi vay, viéc trang bi may hi¢n dai nay
van 1a bai toan kho khin ddi v6i doanh nghiép
nho va vira. Nhu chung ta da biét, dé dap tng
nhu cau nhén lyc x3 hoi, nhiéu treong Pai hoc
va Cao Ding da tién hanh dao tao k¥ su, cur
nhan co khi ¢6 kha ndng van hanh may CNC,
nhung theo thyc té thi nhiéu truong van chua
trang bi du sd lugng may cho sinh vién thyuc
hanh do chi phi trang bi m¢t may CNC kha cao
va chi phi bao tri, bao dudng hang nim kha tén
kém. Vi hiéu duoc cac van dé kho khan do, nén
nhom tac gia da nghién ctru va ché tao mé hinh
may CNC mini c6 thé phuc vu gia cong cac chi
tiét nho va hd tro cho cac truong hoc trang bi
may CNC phuc vu dao tao k¥ nang van hanh.
Hién nay, nhom tac gia thay rang mot sd dé
tai may CNC da duogc trinh bay nhu nhom tac
gia Khoa Co di¢n, Hoc vién Nong nghiép Viét

Nam d3 ché tao may CNC 3 tryuc st dung bo
diéu khién Mach3 [1], hay nhom nghién ciru
Trudng Pai hoc Giao thong Van tai Thanh ph
H6 Chi Minh da ché tao may CNC da ning [2],
hay nhom tic gia ThS. Nguyén Hoang Linh va
KS. Nguyén Phudc, giang vién Khoa K thuat
Cong nghé, Truong Pai hoc Pham Vin Pong
da nghién ctru va ché tao may CNC mini c6 thé
gia cong tao mau d6 thii cong my nghé va diéu
khic muc do don gian 2D, 3D, 4D [3]. Qua do,
chung ta thdy may CNC luén dugc cac truong
Pai hoc, Cao déng nghién ctru ché tao nham tao
ra cac mo hinh may c6 gia thanh ré, chi phi bao
tri bao dudng thap nham phyc vu tot nhat cho
dao tao. Chinh vi cac ly do trén, nhom tac gia
da nghién ctru va ché tao mo hinh may CNC st
dung bo diéu khién cong nghiép QS-H7KA véi
tinh 6n dinh cao nham h tro gia cong trong cac
xuong co khi nhé hoic hd trg ddo tao.

2. THIET KE MO HINH CO KHI

San phém ctia nhém duoc lam ¢ mac do
mé hinh mini véi kich thudc tong thé cta phan
khung may la 500x400x400mm va céac thong
$6 k¥ thuat dugc nhom dua ra nhu bang 1. Dya
vao cac thong sd san pham dd duoc nhom dua
ranén cac cum truc s€ dugc nhém tinh toan nhu
sau:

2.1. Lua chon truc chinh
Ta lua chon tinh toan voi kiéu dao phay

ngdn va loai vat liéu gia cong 1a nhom, ta tinh
duoc toc do cat V:

V _ CV><DQ
TMXL*XS} XxBUXZP

m
X K, = 45,52 m (1)

Trong do: C =185,5;q=0,45;x=0,3;
y=0,2;u=0,1;p=0,1,m=0,33, K, = 0,36.

Luc cat chinh cua may:
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XX pll
_ 10><Cp><t ><SZ><B XZ

P; =

X Kyy Xk = 64,95 N (2)

DIxnW

Trong do: Cp =68,2; x =0,86; y =
0,72;u=1,0; q=0,786; w=0; B=D/2 =3mm;
S, = 0,8 mm/vong; t = lmm; k = 0,25 (h¢ sb

duogc nhan thém khi vat li¢u gia cong la nhom).
Momen xoin trén truc chinh:

_ P,XD __ 64,95X6
T 2x100  2x100

= 1,95 N.m 3)

X
Cong suat dong co tryc chinh:

_ P,XV 64,95 X45,52
T 102060 1020X60

= 0,048 kW (4)

e

Qua cong thire tinh toan, cong sut cit
cua dong co truc chinh 1a 0,048 kW = 48W thi
ta nén lga chon cong suét dong co truc chinh
16n hon cong suét tinh toan.

2.2. Thiét ké cum truc Z

Truc Z chiu toan bd khoi luong cua
dong co tryc chinh trong luc hoat dong gia
cong, cling nhu mang toan bo cac bo phan dan
dong, dan hudng cua truc Z nén phai dam bao
yéu cdu cimg virng trong thoi gian hoat dong,
khong bi rung, x6 1éch trong qua trinh cat vat
liu ctia dong co truc chinh. Két cau cum truc
Z, c6 chuc nang dua dung cu cit tinh tién theo
truc Z trong qua trinh gia cong. Hanh trinh truc
Z dugc thiét ké ¢6 thé di chuyén 1a 50mm. Chi
tiét cum truc chinh nhu hinh 1.

o

®
A=y
e I

©O.

Hinh 1. Két cau cum truc Z
1 —Dong co, 2 — Tam trén, 3 — Td'mphdi, 4 Tam
trdi, 5 — Goi trdi dinh huwéng, 6 — Goi phdi dinh
hwong, 7 — Truc vit me, 8 — Truc dan huwong, 9 —
Ga spindle, 10— Spindle, 11 — Cam bién, 12 — Goi
dan huong, 13 — Goi d, 14 — Goi do vit me, 15 —
Tam dudi, 16 — Khép noi

Bang 1. Théng sé ky thudt ciia mdy

Théng s6 ky thuat
Kich thudc to,ng thé 500%400%400 mm
khung may
Hanh trinh kha dung 300 mm
truc X
Hanh trinh kha dung 240 mm
trucY
Hanh trinh kha dung 50 mm
truc Z
Mure d6 sai s6 cho phép 0,05 mm
Lénh NC G-code
Téc d truc chinh 2000-10000 vong/phut
Puong kinh dao cit ¢1-06 mm
Téc do di chuyén tbi da 3000 mm/phut
Téc d6 cat toi da 2000 mm/phut
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2.3. Thiét ké cum truc X

Truc X chiu toan bo khdi lugng cua
cum truc Z trong lic hoat dong gia cong nén
phai dam bao yéu cau ctng vimg trong thoi
gian hoat dong, khong bi rung, x6 1éch trong
qué trinh cit vat liéu cua dong co truc chinh,
chuyén dong cua truc Z.

Két cau cum truc X co chuc nang diéu
khién ban may tinh tién theo truc X. Hanh trinh
truc X thiét ké co theé di chuyén 1a 300mm.

Hinh 2. Két cau thiét ké cum truc X
1 —Dong co, 2 — Vit me, 3 — Khop néi,
4 — Truc dan huong, 5 — Goi ds, 6 — Tam phdi,
7 — Cdam bién, 8 — Tam cé dinh trén,
9— Tdm ga cuong luc, 10— Ga cam bién,
11 — Tam cé dinh duoi, 12 — Thanh ngang,
13 — Dai 6c vit me, 14 — Tam trdi

2.4. Thiét ké cum truc Y

Truc Y chiu toan bd khdi lugng cia
truc X, Z trong lic hoat dong gia cong, cling
nhu mang toan bd cac bo phan dan dong, dan
huéng cua truc Y nén phai dam bao yéu ciu
cung virng trong thoi gian hoat dong, khong bi
rung dong, 1éch trong qua trinh cat vat liéu cta
dong co truc chinh, chuyén dong cua truc X, Z.
Hanh trinh truc Y thiét ké co thé di chuyén la
240mm.

S S
Hinh 3. Két ciu thiét ké cum truc Y
1 —Dong co, 2 — Thanh truot, 3 — Con truot, 4 —
Truc vit me, 5 — Mat bich trudc, 6 — Mat bich sau,
7 — Ban may, 8 — Cam bién, 9 — Goi dé vit me, 10
— Géi d5 FF12, 11 — Khép néi truc, 12 — Pai oc

3. THIET KE BQ PIEU KHIEN

B6 diéu khién da nhiém QS-H7KA duoc
nghién ctru, thiét ké va ché tao bai Cong ty QS
Technology, dugc mang thuong hiéu “Made
in Viet Nam” (Hinh 4). Pay 1a bo diéu khién
chuyén dung cho may phay CNC, hd trg diéu
khién may phay 1én dén 4 tryc. Mang gia thanh
hop 1y, d& dang thiét 1ap, cai dat va sir dung nén
n6 phit hop cho viée ché tao may phay CNC
hay thay méi bo diéu khién cho cac may phay
CNC cii. Véi giao dién, cac phim chirc nang
tuong tw nhu cac bo didu khién dang str dung
trén may phay CNC thi n6 rat dé dang cho viéc
thao tac va van hanh. Bo diéu khién dugc hd trg
ngon ngir tiéng Viét, day 1a diém khac biét cho
thdy tinh vu viét cua san pham déi v6i nguoi
dung Viét Nam. Ddi v6i may CNC duoc ché
tao, nhom da thuc hién dau ndi va cau hinh bd
diéu khién nhu so 6 dau ndi hinh 4.

. o , nnn
" - " nnu
" nnn
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O =
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Hinh 4. B diéu khién da nhiém QS H7K-A
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Hinh 5. So' do diu noi bé diéu khién da nhiém QS
H7K-A

4. THU'C NGHIEM VA PANH GIA

Nhom tac gia da tién hanh thiét ké mo
hinh may trén phdn mém Creo va tién hanh ché
tao mo hinh may nhu hinh 6. Qua qua trinh
thiét ké, lap rap, van hanh san pham may CNC

dé gia cong thir nghiém khéc gd (hinh 6-c),
nhom nghién ctru danh gia ring may hoat dong
6n dinh, hiéu qua, dap ng dugc yéu cau dat
ra. Tuy nhién, d§ chinh xac va d§ nham bé mat
chua thuc su cao do hai nguyén nhan chinh
1a vat lidu gia cong va sai sb may khi ché tao.
Trong twong lai, nhém s& hoan thién va cai tién
may bang cach thay d6i dong co dan dong cua
cac truc bang cac dong co servo co do chinh
xac cao hon. Theo tinh toan cua nhom, chi phi
gia cong va ché tao mo hinh may CNC nay
khoang 50.000.000 Viét Nam dong (Béang 2).
Day 1a chi phi hop 1y dé cho cac co s¢ san xudt
nho hay cac truong hoc c6 thé trang bi dugc.

Bdng 2. Tong hop chi phi thi cong ché tao (Pon gid dwoc lam tron)

STT Noi dung S6 lwong | Pon vi Don gia Thanh tién
1 Vat tu co khi Bo 24.500.000 23.500.000
2 Chi phi gia cong cat got Bo 6.500.000 6.500.000
3 Vit tu dién — diéu khién Bo 18.000.000 18.000.000
4 Chi phi kiém nghiém, danh gi4 Bo 2.000.000 2.000.000
Téng 50.000.000

Hinh 6. M6 hinh méay CNC va san pham gia cong
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5. KET LUAN

Bai béo trinh bay két qua nghién ctru
va ché tao md hinh may CNC mini sir dung
bd diéu khién cong nghiép QS H7K-A véi gia
thanh thip. M6 hinh da duogc thiét ké, mo phong
va ché tao thuc nghiém. San phém duoc thu
nghiém bang cach gia cong chi tiét hoa vin trén
vat lidu go. Két qua cho thiy san pham dap tng
du’O’c nhu ciu thuc té. Trong tuong lai, nhom
tiép tuc hoan thién mé hinh va ning cép s truc
cua may CNC 1én thanh 4 truc.

Loi cam on:
Nghién ctru nay dugc tai trg kinh phi

boi Truong Pai hoe Su pham KV thuét, Pai hoc
Pa Nang trong dé tai c6 Ma s6 T2022-06-17.

Ngay nhan bai: 03/7/2023
Ngay phan bién: 26/7/2023
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MO PHONG QUA TRINH VA CHAM CUA BA-D0O-SOC CUA XE O
TO VAO TUONG THEP SU’ DUNG TUONG TAC GIFA PHAN MEM
MOLDFLOW VA ABAQUS

CRASH TEST SIMULATION OF CAR’S BUMPER WITH STEEL WALL USING
INTERACTION BETWEEN MOLDFLOW AND ABAQUS

Lé Thi Tuyét Nhung
Pai hoc Bach khoa Ha Noi1

TOM TAT

Ba-do-séc (BDS) la mot két cau diroe gan vao phia trude hodc phia sau ciia 6 t6, nham muc
dich hdp thu nhitng chan dong nhé dé giam thiéu tic déng 1én nguoi ngoi trong xe. Ba-do-séc bao
vé cho cdc bg phin ciia xe bang cach hdp thu déng néing dwoc sinh ra trong qud trinh va cham. Ba-
do-séc ciia cae mau xe hién dai dwoc lam b&ng vdt lieu composite nén nhwa soi thuy tinh hodac soi
cdc bon va dwge san xudt bang phwong phdp diic khuén. Phan mém Moldflow cho phép mé phong
tinh chat ciia composite ¢ tirng vi tri mau theo théng sé phwong phdp diic khuén. Céc théng sé nay
sé la théng sé dau vao vit liéu dé mé phéng tinh todn va cham giira ba-do-séc va twdng thép trong
thur nghiém va cham. Trong nghién ciu nay phuong phap két noi giita hai phan mém mé phong
Moldﬂow va Abaqus sé du’o’c sir dung dé tinh todn triee tiép trang théi g sudt va blen dang cua
ba-do-soc tir nhitng thong sé ddau vao cia qud trinh san xudt nhie logi nhya, vi tri céng phun, dp
sudt phun va van t6¢ va cham. Anh huwong cua van t6c va cham dén trang thai ung sudt ciing duoc
khao sat.

T khéa: Phdn bé hudng soi; Ba-do-soc; Moldflow; Abaqus; Thir nghiém va cham.
ABSTRACT

The bumper is an element of the car's front or back that works to absorb minor shock from
collisions. By absorbing the kinetic energy created during the collision, the bumper shields various
vehicle components. Modern cars use composite bumpers that are manufactured from fiberglass or
carbon fiber. Moldflow software allows to simulate the properties of the composite in each sample
position according to the molding method parameters. The output parameters of the moldflow will
be the input parameters to simulate the impact calculation between the bumper and the wall in
crash tests. In this study, the coupling method between Moldflow and Abaqus software will be used
to directly calculate the stress and deformation state of the bumper from manufacturing process s
parameters such as plastic type, spray port position, injection pressure and crash velocity. The
effect of impact velocity on stress state will be also investigated.

Keywords: Fiber orientation; Bumper; Moldflow,; Abaqus; Crash test.
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1. TONG QUAN

Van dé du doan phan bd hudng soi
trong cac chi tiét dugc ché tao bang phuong
phap duc khuon da dugc nghién ctru tur lau
nhung van dit ra mdi quan tdm dbi v6i cac nha
san xuat boi do déng déu cua tinh chét co hoc
phu thudc vao rat nhiéu thong s6. Sau khi mo
phong tinh chat vat liéu trong qué trinh phun,
néu phan mém cho phép kiém bén ludn chi tiét
d6 dé tim ra vi tri ing suét tap trung 16n nhat
va tir d6 quay nguoc lai diéu chinh thong sd
phun chinh 14 huéng di cta cic nha san xuét
hién nay. Jin Wang va cdng su [1] da nghién
ctru phan bd hudng soi trong chi tiét don gian
hinh chit nhat hodc dia tron bang méd phong
s6 Moldflow véi van tc phun khac nhau va
cho ra két qua kha chinh xac so véi dir liéu
thuc nghiém. Ba phuong phép khac nhau dé
nghién ctru phan bb hudng sgi bang Moldflow,
Digimat va Ansys dugc nghién ctru va so sanh
boi A. Isaincu va cong su [2]. Ma Zhiguo va
cong su [3] trinh bay mot phuong phap h1eu
qué dé chuyén doi dir liéu vat ligu tir phan mém
md phong dong chay khudén Moldflow sang
phan mém mé phong ciu trac Abaqus cho cac
bd phéan c6 thanh mong cé thé duoc chia thanh
céc phan tir vo 2D. Andreassona va cong su [4]
da su dung phuong phép xay dung moé hinh
phan tir hiru han phéan 16p trong Abaqus bang
cach str dung két qua tir mo phong Moldflow
vé tang truong két tinh va dinh hudng phan tir
trén mau nhya tinh thé. Rimy va cong su [5] da
nghién ctru cac bién s quan trong nhit nhu vat
liéu, c4u trac, hinh dang va diéu kién va cham
duoc nghién ctru dé phan tich bai thir va cham
nham cai thién kha ning hap thu ning lugng
trong qua trinh va cham.

Muc dich chinh cua nghién clru nay
la tng dung phuong phap md phong bang
Moldflow dé dua ra dugc phan bd hudng soi

trong chi tiét ba-do-sdc phia tru6c BMW E90,
ttr 46 xuét ra dugc céac thong s6 co hoc cua vat
ligu. Sau d6, mé hinh Abaqus tuong tac sé su
dung tinh chat co hoc vat liéu dau ra ciia mé
hinh Moldflow dé tinh ton bén cua ba-do-sdc
chiu tai va dap vao tuong dé dua ra khuyén céo
thiét ké lai cho nha san xut.

2. MO HINH HOA THONG SO VAT LIEU
NHU'A DUNG MOLDFLOW

Mo hinh dugc str dung 13 ba-do-soc voi
Vat licu CYCOLAC EP mo phong bang phan
mém Moldflow véi s6 luong céng phun 14 1 va
van toc ép phun 14 300cm?/s (Hinh 1). Cac thong
sd cia qua trinh phun dugc chon nhu sau: Khéi
hrong riéng trang thai long D, = 0.933 g/crn3
khéi lwong riéng cua nhyua & trang thairan D_
= 1.0421 g/cm’, may ép phun SUN — 2800
nhiét 3o nhya 260°C, nhiét do khuon-60°C.

A o
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Hinh 1. M6 hinh BPS 1 cong phun trong
Moldflow

Phan mém Moldflow cho phép tinh
toan ra duoc ten-xo hudng soi, dong thoi ciing
XUét ra cac thong s6 vat liéu nhu do cung va h¢
s6 poison tai nat bat ki trong chi tiét ba-do-soc
va luu dudi dang tép dit lidu. Tép nay xuat ra tir
Moldflow nim mét thu muc cung v6i mo hinh
mo phong trong Moldflow.

Dé danh gia do chinh xac cua thong sb
mé phong, két qua ten-xo tai cac vi tri 16n nhit
va nho nhat trén miu dia don gian hon cing
thong s6 duoc so sanh voi két qua cia Jin Wang
va cong su [1]. Gia tri 16n nhét cia thanh phan

ten-xo a_ tai vi tri cdich mép tdm 0.125 1an kich &~

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023 201
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

thudc cho sai s6 so v6i Jin Wang 1a 10% cho
thay do tin cay ciia m6 phdong la chap nhan dugc.

3. MO HINH HOA BA-PO-SOC CHIU TAI
VA CHAM VOI TUONG

3.1. Hinh hgc va vit li¢u

Trong nghién ctru nay, mo hinh dugc su
dung 1a BDS vai vat licu CYCOLAC EP dung
nhu mé hinh d 1am trong phin mém Moldflow
(Hinh 1) v6i cung sé diém ludi. Tép dir lidu
dau ra ciia Moldflow dugc nhap vao phan mém
ABAQUS mang theo ci thong sd hinh hoc,
lu6i va tinh chat co hoc vat liéu tai mdi diém.
Dé kiém tra cac diéu kién bén cua ba-do-sbc, ta
su dung déc trung co hoc cua vat li¢u, ¢ day cac
tiéu chuan duoc str dung dé so sanh 1a: tng sut
chay déo cua vat liéu 6, = 45 MPa, ing suét toi
han cua vt liu 6, = 49 MPa, ¢ la bién dang
déo khi vat liéu bi pha hong (0,03). Tao chi tiét
tuong co kich thudce 3 x 1 x 0.2 m (Hinh 2). Vat
lidu cua tudng 13 thép véi cac thong sb: khbi
luong riéng 7850 kg/m?, md dun dan hoi 200
GPa va hé s6 Poisson 1 0,3, tmg suit chay déo
cua vat lieu o, =380 MPa, u’ng suét t6i han ctia
vat ligu o, = 500 MPa. Piéu kién bién dat vao
mo hinh la cb dlnh tudong, cho BPS di chuyén
v6i van toc cho sin. M6 phong qué trinh va
cham cua BDS vao tuong thép duoc thuc hién
véi cac van tde khac nhau tir 1,5 m/s dén 15m/s.
Thoi gian tinh toan trong Abaqus 1a 0,005s.

Hinh 2. M6 hinh va cham trong ABAQUS

3.2. Két qua md phong ding twong tic giira
hai phan mém Moldflow va Abaqus

Mb hinh dugc mé phong dau tién voéi
van toc va cham 5 m/s. Két qua trén hinh 3 cho
thdy do thi phan b tmg suat nam & cling vi tri
thanh chin & giira phia dudi cua BDS. Ung voi
van tdc 5 m/s thi Gmg suat 1on nhat trong chi
tiét 1a 46.1 MPa > o, = 45 MPa, chimng t6 voi
van toc 5 m/s, BDS da xay ra hién tuong déo

va xuét hién bién dang déo trong chi tiét. Hinh
4 cho ta thay bién dang déo 16n nhat trong mau
v6i van toc 5 m/s 1a € = 0.0314. Nhu vy mo
hinh Moldflow da tich hop dugc véi mo hinh
ABAQUS dé tinh toan ra truong Gng suit va
truong bién dang trong tim.

Hinh 3. Phdn bé ieng sudt vmg véi van toc 5 m/s

Hinh 4. Phén bé bién dang déo voi van toc 5 m/s

3.3. Khao sat anh huéng ciia vin tdc va cham
téi do bén Ba-do-soc

Céc thong s6 phun dugc chon gibng
mo ta trong phan 2 phia trude, dung may ép
phun SUN — 2800, ding dé san xuat ba-do-sdc.
Thong s6 van tdc va cham dugc thay ddi nhu
trong Bang 1 dé nghién ctru anh hudng cua van
tbc dén hién tuong déo va pha huy cua chi tiét
ba-dd-sbc. Phan b tng suét trong chi tiét ing
véi van toc va cham nho nhat (1,5 m/s) va van
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tbc va cham lén nhit (15 m/s) dugc biéu thi
trong Hinh 5.

Hinh 5. Phdn b6 itng sudt vmg véi van toc 1.5 m/s
(trén) va 15 m/s (duoi)

Dya vao két qua mé phong va cham
trong céac trudong horp, ta théy tai van toc L5
m/s, g1a tri ing suat 16n nhat 1a 13.2 MPa nim
trong mién dan hoi nén gia tri do bién dang déo
bang 0. Vat licu khong bi déo va khong bi pha
huy.

Tai vén tdc 5 m/s, gia tri ing suét 16n
nhit trong BDS vuot ing suét chay déo nhung
chua dat t6i gia tri ing suat téi han. Tuy nhién,
gia tri d6 bién dang déo 16n hon 0,03 nén chi
tiét bi pha huy. Tai gié tri van toc 10-15 m/s, ca
hai gia tri Gng suat déu vuot ing suat t6i han,
d6 bién déo 16n hon nhiéu 1an gi4 tri 0,03 nén
vat li€u bi pha huy.

Bdng 1. Két qua tng sudt va bién dang ciia BPS ¢ vin toc khdc nhau

Hién twgng déo Hign twong gay
Van toc (m/s) ¢ max (MPa) € max : ng (6 >0 =49 MPa,
’ (e, > 0) .
p €,> 0.03)

1.5 13.2 Khoéng Khoéng
3.5 40.3 0.013 Co Khong
4.5 42 0.019 Co Khong

5 46.1 0.0314 Co Co

10 49 0.149 Co Co

15 49 0.225 Co Co
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4. KET LUAN

Trong nghién ctru nay, phuong phap su
dung phan mém Moldflow di duoc tmg dung
trong dy doan phan bd soi bang thong qua ten-
xo huéng soi ctia chi tiét ba-do-sdc trong 6 t0,
Nghién ctru chi ra phuong phap la dang tin cay
khi duoc so sanh voi két qua mé phong cua Jin
Wang va dong nghiép déi v6i trudng hop dia
tron [1]. Tir 6, phin mém Moldflow tinh toan
duogc cac thong s6 co hoc cua vat liéu trén chi
tiét va luu thanh tép dir liéu. M6 hinh dugc két
n6i vao ABAQUS dé tinh toan kiém bén trong
truong hop chiu va cham véi tuong va tu do
dura ra phan b tmg suat, bién dang va céc vi tri
hu hai cta chi tiét dé c6 thé quay nguoc lai cai
thién thiét ké va thong s6 qua trinh phun. %

Ngay nhan bai: 19/5/2023
Ngay phan bién: 18/6/2023
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DANH GIA KHA NANG THU HOI NHIET LANH TU’ QUA TRINH
TAI HOA KHi LNG BE CAP LANH VA PHAT DIEN

EVALUATING THE EFFICIENCY OF UTILIZATION COLD ENERGY FROM LNG
REGASIFICATION FOR POWER GENERATION AND COOLING

Nguyén Mai Bich Tién, Huynh Phuwéc Hién, Nguyén Thé Bao*
Khoa Co khi, Trudng Pai hoc Bach Khoa, Pai hoc Qudc gia Thanh phdé HO Chi Minh

TOM TAT

Trong giai doan hién tai, khi ma cac hé thdng ndng lwong tdi tao van con dang tirmg buéc
hoan thién, swr dung khi thién nhién (NG) thay thé cho than dd dwoc xem la phirong dn cé thé cdn
bang giita bai todn ndang hrong va cdc vian dé moi tru"ong Voi trit lwong va vi trz dia ly cua Viét
Nam, viéc nhdp khau khi héa long (LNG) bang dwong bién dé bé sung vao nguon khi tw khai théac
la tat yéu. Tuy nhién, do LNG la khi tw nhién dwoc héa long & nhiét do khodng -162°C, nén tiéu ton
nhiéu nang lwong dé san xudt ciing nhie phai dwoc tai héa khi trude khi cung cap dén noi sie dung
truec tiép dan dén gid thanh cao. Do do, dé tin dung nhiét lanh ciia LNG, nhém tdc gia dé xudt so
do sir dung LNG lam nguon lanh cho chu trinh Rankine hitu co (ORC) va dong thoi la nguon cap
lanh cho cdc hé cdp triv dong trong. cdc nha may ché bién thiy hai san. Gidi phdp nay s€ cung cap
dién nang va dap vmg dwoc nhu cau sir dung lanh trong nha mdy thity hdi san von ciing thuong
dwoc xdy dung gan bién ciing la vi tri xdy dung cdc tram tdi héa khi LNG. Hiéu qua ciia viéc thu
héi nhiét lanh duwoc tinh todn va phan tich dva trén hiéu sudt nang luwong va hiéu sudt exergy. Hiéu
sudt exergy cao nhat la 29,29%, véi cong sudt phat tong dat 13,762 MW khi tram LNG lam viéc véi
nang sudt tdi héa khi 1a 3 triéu tan/nam va lwong nhiét lanh thu hoi d@é ccfp lanh la 6 MW. Cac tinh
todn trong bai bdo dwoc thwc hién bang phan mém EES (Engineering Equation Software).

T khéa: Tdi héa khi LNG; Thu hoi nhiét lanh LNG; Chu trinh ORC; Cap trit déng; Chu
trinh CO,; EES.

ABSTRACT

In the current stage of ongoing development in renewable energy systems, utilizing natural
gas (NG) as a substitute for coal is considered a solution that balances energy and environmental
concerns. Given Vietnam's reserves and geographical location, it is essential to import liquefied
natural gas (LNG) by sea to supplement domestically extracted gas. However, LNG, which is
natural gas liquefied at a temperature of approximately -162°C, requires significant energy
consumption for production and needs to be regasified before direct usage, resulting in high costs.
Therefore, to leverage the cooling potential of LNG, the authors propose a scheme that utilizes LNG
as a refrigerant for an organic Rankine cycle (ORC) and simultaneously as a cooling source for
refrigeration systems in seafood processing plants. This solution provides power generation and
meets the cooling demand in seafood processing plants, which are often located near the coast,
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where LNG regasification stations are also built. The efficiency of heat recovery is calculated and
analyzed based on energy and exergy efficiency. The highest exergy efficiency achieved is 29.29%,
with a total power output of 13.762 MW when the LNG station operates with a regasification
capacity of 3 million tons/year and recovers 6 MW of cooling heat. The calculations in the paper
are performed using the Engineering Equation Software (EES).

Keywords: LNG regasification; LNG heat recovery; ORC cycle; Cold storage; CO, cycle;

EES.
1. GIOI THIEU

Theo xu huéng cat giam phat thai khi
nha kinh, cac hé théng st dung nhién li¢u hoa
thach nhu than d4 dang dan dugc thay thé bang
cac ngudn ning luong tai tao. Tuy nhién, voi
nhu cau hién tai, ngudn cung tlr nang luong tai
tao van chua dap tung du va on dinh, do d6 khi
dbt tu nhién (natural gas) dang dwoc xem la
ngudn ning lugng thay thé chinh, it phat thai
trong giai doan hién nay va twong lai gan. So
vo6i déq HFO, lugng khi CO, sinh ra tir qud
trinh dot khi thién nhién it hon 25%, luong
NOx giam di khoang 80%, hau nhu khong phat
thai khi SO, va tao ra cac hat bui’ min lo ltng
trong khong khi [1]. V&i cac quoc gia co tri
lwong khi dbt khong phong pha, khi ty nhién
c6 thé dugc nhap khau thong qua hé thong 6ng
dan hoic duéi dang khi hoa long LNG bang tau
bién khi khoang cach giita noi tiéu thu va san
xuét vuot qua 2000 km, hodc bi ngan cach boi
dai duong. Viéc nhap khau LNG b?mg tau bién
gitip da dang héa ngudn cung, tranh phu thudc
vao mot ngudn duy nhéat. Han ché cua viéc
stt dung LNG 1a gia thanh twong ddi cao lién
quan dén chi phi san xuat LNG [2]. Viéc hoa
long khi ty nhién bang phuong phap lam lanh
dén nhiét do -162°C gitp qua trinh van chuyén
duoc thuan loi, tuy nhién no lai tiéu tdn mot
luong niang lugng dang ké, udc tinh khoang
805 kWh dién/tin LNG [3]. Pong thoi, LNG
sau khi dugc nhap khau lai phai duoc tai hoa
khi lai thanh NG dé phan phdi dén khach hang

st dung. Qua trinh nay co thé duge thuc hién
bang cach lay nhiét cia nudc bién, hoic cp
nhiét bang qua trinh d6t khi dé hoa khi LNG.
Véi phuong phéap nay, cac tram LNG khi van
hanh s& tiéu t6n thém ning luong, it nhiéu anh
hudng dén hé sinh thai tai tram tai hoa khi LNG
cling nhu khong thé sir dung lai duoc nhiét do
thap ciia LNG.

Véi nhiét @ -162°C, nhiét lanh cua
LNG c6 thé dugc tan dung trong cac mg dung
dién hinh nhu 1am ngudn lanh trong chu trinh
ORC, cap lanh cho cic nha may cap, trit dong,
chung cit va phan tach khong khi, ting hiéu
qua chu trinh thiét bi dong luc hoi nudc va chu
trinh Brayton [4]. Trong d6, phuong an tan
dung LNG lam ngudn lanh cho chu trinh ORC
va cung cap lanh cho cac kho cap trit dong rat
dugc quan tdm. Nghién ctru cua Dispenza va
cac cong su [5] [6] da danh gid kha nang thu
hoi exergy cia LNG long théng qua chu trinh
Rankine lam viéc voi Helium. Nhém Wang
Qiang [7] d4nh gia hiéu qua cua so do sir dung
nhi¢t lanh cia LNG trong chu trinh ORC két
hop qua trinh gidn nd LNG dé tin dung lai
ap nang LNG. Két qua cua nhom Alessandro
Franco va cong su [8] cho thay khi ap dung chu
trinh ORC v6i mot s6 hiéu chinh, cong suét phat
c6 thé dat tir 8,3 dén 11,4 MW néu nang suét tai
hoa ciia LNG 1a 80 kg/s. Ngoai ra, nhiét lanh tur
qua trinh tai hoa khi LNG ciling dugc st dung
trong céc nha may cap dong, trir dong thiry hai
san va thyc pham. Li va cong su [9] da thuc
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hién nghién ctru st dung nhiét lanh LNG dé ha
nhiét d¢ ngung tu trong chu trinh may lanh R32
v6i nhiéu cép nhi¢t d§ khac nhau, tor d6 giam
cong suat cia may nén. Trong nghién ctru cua
K.H. Yang [10], nhiét lanh cia LNG dugc st
dung d¢ 1am lanh dung dich glycol va sir dung
bom dé phan phdi dén ngudn st dung. Phuong
an nay gitp nhi¢t lanh LNG duogc tan dung hi¢u
qua hon, khong ti€u hao nang lugng cho may
nén khi nhu cau sir dung lanh & cac nhi¢t do
khac nhau. Ngoai ra, ngudn nhiét lanh nay ciing
c6 thé ap dung trong cac ung dung diéu hoa
khong khi. Két qua ciia nhém Sermsuk [11] cho
thdy c6 thé tiét kiém duoc 9,78 triéu USD va
cdt giam 33772 tan CO, phat thi mdi nam néu
str dung nhiét lanh LNG trong céc trung tam
dir liéu thay vi sir dung cac hé thong diéu hoa
khong khi trung tdm truyén thong.

V6i quy hoach dién VIII vira duogc
phé duyét, tong cong suit dién nang duoc san
Xuét tir nguén LNG nhap khéu dat gia tri tbi
da 22400 MW vao nam 2030. Tuy nhién, Viét
Nam chi dang trong giai doan 1én ké hoach va
bat dau xay dung cac co sé ha ting phuc vu
cho viéc nhap khau va phan phdi LNG. Pay
la thach thirc nhung ciing 1a loi thé dé Viét
Nam c6 thé trién khai cac giai phap tan dung
lai nguén nhiét lanh cua LNG dé nang cao hi¢u
qua cac hé thong sir dung khi dét ca vé& mat
kinh t& 13n ning luong. Véi bo bién dai, quy
mo nganh thuy hai san 16n, nén Viét Nam cé
nhu ciu cao vé lanh dé cap va trit dong. Do
do, viéc tan dung lai nhiét lanh ctia LNG dép
tmg cho nhu ciu nay hira hen rat tiém ning.
Pong thoi, dé khai thac hét lugng nhiét lanh
thu dugc tir qua trinh tai hoa khi LNG, c6 thé
két hop thém véi chu trinh ORC dé phat dién
[3]. Vi vy, trong bai bio nay, nhom tac gia dé
xuét so dd tan dung nhiét lanh cua LNG dé vira
lam nguon lanh cho chu trinh ORC, vira cip
lanh cho cac nha may thuy san. Trong chu trinh

ORC, Propane dugc lya chon 1a moéi chit lam
viéc, nude bién dong vai tro 12 ngudn ndng cia
chu trinh va qua trinh ngung tu dugc lam mat
bang LNG. Pé cap lanh cho cac qua trinh cép
va trir dong, CO, lréng duoc lua chon 1am chét
tai lanh tor LNG dén khu vyce st dung lanh bén
trong nha may. Bai bao sir dung phan mém EES
(Engineering Equation Software) dé tinh toan
va phan tich hiéu qua so do thu hdi nhiét lanh
trong céc truong hop véi tram tai hoa khi nang
suat 1an luot 14 1 tridu tin/nam va 3 triéu tan/
nam, ning suét lanh yéu ciu ciia cac nha may
duoc chon ¢ hai muc la 6 MW va 12 MW. Cac
thong s6 nay dua trén thong sd cua cac tram
tai hoa khi dugc quy hoach trong thoi gian
téi tai Viét Nam. Hi¢u qua cua chu trinh duoc
danh gia dua trén hai tiéu chi I3 hiéu suat ning
luong (energy efficiency) va hiéu suat exergy
(exergy efficiency). Trong bai bado, LNG duogc
gia thuyét 1a hoan toan 100% methane, khong
c6 14n tap chat.

2.SOPONGUYENLY VA MO HINH TOAN

2.1. So' @6 nguyén ly chu trinh tin dung nhiét
lanh LNG dé dong phat dién va cip lanh

Hinh 1 thé hién so dd nguyén Iy cta hé
théng tan dung nhié¢t lanh cua qua trinh tai hoa
khi LNG dé phat dién va cép lanh. LNG khi
nhap khau thuong ¢ trang thai co ap suat P,
= 1,2 bar, nhiét d0 t = -162°C, dugc bom P1
tang ap va day qua cac bo trao doi nhiét HE1,
HE2, HE3, HE4 dé duoc tai hoa khi. Dé cung
cép dén noi st dung, LNG ra khoi tram tai hoa
khi c6 nhiét dQ t  thuong d}ch duy tri»tro‘ng
khoang tir 0 dén 5°C, 4p §uét p,, ¢0 thé nam
trong khoang tir 20 bar dén 70 bar, tuy thudc
vao nhu cau st dung. Trong bai bao, ap suit
LNG sau bom P1 1a 7 MPA va tai dau ra cua
tram tai hoa khi la 3000 kPa. Nhiét lanh cua

LNG sé& duoc thu hdi lai tai bd trao ddi nhiét &
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HEI va HE2. Tai bd trao d6i nhiét HE1, LNG
nhan nhiQt ttr qua trinh ngung tu cua dong CQ2
bdo hoa am di tr nha may dong lanh tro ve.
Dong CO, long ra kl}(")i HEI s€ dugc bom P,
dua tdi1 cac bd trao doi nhiét trong nha may. Tai
nha méy, CO, lam lanh khong khi trong khu
vuc cap dong, trir dong va lam lanh dung dich
glycol dé duy tri nhiét do cua cac khu vuc nay
lan lugt 14 -40°C, -25°C va 5°C tuwong Gmg voi
ba muc dich sir dung 1a cip dong, trit dong va
cac hé cung cap nude lanh va diéu hoa. Véi didu
kién nay, nhi¢t d6 ngung tu cua CO, tai HEI
duoc lua chon tai -50°C. Sau bo HE1, LNG tiép
tuc dugc tai hoa khi tai bo trao doi nhiét HE2.
Tai day, LNG s& dong vai tro nhu ngudn lanh
ctia chu trinh ORC vé&i chét 1am viéc bén trong
1a Propane. Tai thiét bi bay hoi HES, nudc bién
cap nhiét cho propane dé chuyén tir trang thai
long R2 thanh hoi qué nhiét R3. Hoi R3 gian
nd qua tuabin T2 thanh hoi R4 di vao bo trao
ddi nhiét HE2. Tai HE2, propane nha nhiét cho
dong LNG dé ngung tu thanh long R1, sau do
qua bom P2 dé hoan thanh chu trinh ORC. Véi
chu trinh nay, viéc sir dung LNG lam ngudn
lanh gitip tang hiéu suat chuyén d6i nhiét ning
ciia nudc bién thanh cong quay tuabin T2.
Trang thai cia LNG di ra bo HE2 c6 nhiét do
cang cao thi lwong nhiét lanh thu héi duoc s&
tang 1én, tuy nhién no s& giam hiéu suit ciia chu
trinh ORC do nang nhiét d§ ngung tu ciia moi
chat trong chu trinh ORC. Do d6, trong so do
nay chap nhan mot phan qua trinh tai hoa khi
s& dugc thuc hién bang nudc bién tai bo trao
d6i nhiét HE3. LNG ra khoi HE3 duoc gian no
qua tuabin T1 dé tan dung thém phan ap ning.
Qua trinh gidn nd nay cling lam giam nhiét do
cia LNG nén dé dat duoc nhiét do phu hop,
LNG dugc gia nhiét mdot lan nita qua bd trao
d6i nhiét HE4 voi nhiét nang ciing duoc 13y tir
nude bién. Cac thong s6 1am viéc cua hé théng
dugc trinh bay chi tiét trong bang 1.

1@@

coe
P co@ ank
Zons 1 400G
, ol
o &
Zone 2 75C

Tone J0-15°C

T _@_m—_l """ A
-8

ﬁi

hr.

Hinh 1. So dé nguyén Iy hé thong tin dung nhiét
lanh ciia LNG dé déng phat dién va lgnh

Bdng 1. Cdc théng s6 lam viéc ciia hé thong

Théng s6 Ky hiéu | Giatri
Luu lu(jngALNAG tai hoa, G 1-3
tri€u tan L
Ap sudt LNG dau vao, kPa P, 120
Nhiét 46 LNG dau vao, °C t, -162
Ap suét cia LNG sau bom
P1,kPa P, 70000
Ap suat dau ra ciia LNG,
Pa P, 3000
Nhiét do dau ra caa LNG,
oC t, 0
Thay d6i nhiét do nudc
bién qua cac b trao doi AT 7
nhiét, °C
Nhiét do nuée bién vao bo . 30
trao doi nhiét, °C so
Ap sut nu6e bién sau bom,
KPa P, 300
Nhiét d6 ngung tu cua dong ¢ 50
CO,,°C cl
Hiéu suat thuén nghich cua . 0.9
bom P
Hiéu suét thuan nghich cua
tuabin Mr 0.85
Ton ap cua LNG, propane deltap 0.03

cac qua bo trao doi nhiét, %
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Béng 2 trinh bay chi tiét vé tai lanh ctia
nha may cap trlr dong tai cac ung dung vdi
nhiét d6 lam viéc khac nhau.

Bang 2. Tai lanh twong wng voi cdac nhiét do sw
dung khdc nhau trong nha mdy

s Nha may 12
Nha may 6 MW MW
Nang Nang
Ty1¢ | suat | Tylé | suit
lanh lanh
Tai lanh khu o 1,2 N 2,4
vuc -40°C 20% MW 20% MW
Téi lanh khu o 0,75 o 1,5
vuc -25°C 12,5% MW 12,5% MW
Téi lanh khu o 4,05 o 8,1
vue 5°C 67,5% MW 67,5% MW

2.2. Phwong trinh toan

Cac qué trinh nhi¢t dong xay ra bén
trong cac thiét bi cta so dd dugc thé hién trén
phan mém EES dé tinh toan trang thai va cac
thong s6 ning luong nhu nhiét lugng va cong
suat. Cac thong sb sau dugc tinh dé danh gia
hiéu qua thu hoi nhiét lanh LNG.

Cong suat phat tong tir toan bo chu
trinh:

Wnet - WTI + WT2 - (WPI + WpZ + Wsw) (1)
Nhiét lanh thu héi duge tir chu trinh CO;:

Qcoz - QHEI 2)

Trong chu trinh nay, do nha may dong
lanh st dung nhiét lanh tir qua trinh tai hoa khi
LNG, nén sé tiét kiém duge mot phén cong suét
dé chay may lanh truyén théng. C6 thé sir dung
hé s6 ERR [3] tham chiéu dé xac dinh phﬁn
cong suat nay. Tir d6, cong sudt phat tong tuong

duong tir chu trinh ¢ thé x4c dinh nhu sau:

W .=W tW

net,eq - Wnct+ Q EERREF (3)

COz,cq COZ/

Theo [5], EER = 3,128.

Hiéu suit cia chu trinh LNG:

W1 +Wecoz,eq—Wsw,LNG &)
Que1+QuE2 +QuEz +QHEs

Hiéu suét cua chu trinh ORC:

NLNG =

Wz — Wow ore (5)

MNorc Quies

Hiéu suat tong cua chu trinh:

Wnet,eq 6
Que1+QuEz+QuEz+QuE4+QHES

NtoTtaL =

Ngoai ra, bai bao ciing sir dung hiéu suét
exergy dé danh gia dugc luong exergy thu hoi
dugc tir dong LNG nhu sau:

Wy +Wpo+ AEXAIZ +AEXA34_ +AEXGL12 7)

NEx TOTAL (Wpy+Wpa +Wew ) +Gr (exy7—exp1)

Voi:

AEx, .1a d6 lon bién thién Exergy cua

khong khi qua dan lanh trong khu cip déng
-40°C.

AEx,,, 1a do 16n bién thién Exergy cua
khong khi qua dan lanh trong khu trir dong
-25°C.

AEx_, , 1a d6 16n bién thién Exergy ctia

dong dung dich glycol v6i nong do glycol 1a
30%.

Ty 1¢ nang lugng st dung dugc tir nhiét
lanh LNG:
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WhettQco
Nre = - = ®)
Gr(hi7—hr1)

Khi tinh toan, gia thiét cac thiét bi
khong trao do6i nhiét vai khong khi moéi truong
xung quanh.

3. KET QUA VA PHAN TiCH

Véi so do duoc gidi thiéu trong hinh 1,
nhiét lanh cuia LNG dugc thu hdi c6 thé phuc
vu dé cung cép lanh truc tiép va san sinh dién
thong qua cac tuabin T1 va tuabin T2. Do lugng
nhiét lanh duoc thu hdi phu thudc vao nhu cau
sir dung thuc té trong nha may nén hi¢u qua tan
dung nhiét lanh ciia LNG co ban phu thude vao
trang thai LNG ra khoi bo trao doi nhigt HE2.
Néu ting nhiét do t,, cua LNG ra khoi HE2, co
thé gia ting hrong nhiét lanh thu hoi nhung lai
giam hiéu suat ciia chu trinh ORC. Do d6, két
qué ciia bai bao s& xac dinh nhiét d¢ t, , dé toi uu
hi€u qua tan dung nhiét lanh LNG, tir d6 lam co
s& dé tinh toan cho cac truong hop cu thé.

3.1. Xac dinh gla tri nhi¢t do t , cia LNG ra
khéi b trao ddi nhiét HE2

Hinh 2 cho thdy anh hudng cta nhiét
do t, cia LNG lén hi¢u suat nang luong cia
cac chu trinh ORC, chu trinh LNG va ca chu
trinh. Nhin chung, nhiét d0 t , it anh huong 1én
hiéu suit cta chu trinh LNG tuy nhién, hi¢u
sudt nang lugng cua chu trinh ORC glam nhanh
theo chleu tang cua t dan dén hiéu suét ning
luong tong clia ca chu trmh cling phu thugc vao
gia tri nhi¢t d§ nay. Tru truong hop nang suat
tai hoa khi 13 1 triéu tAn/ndm va ning suat cip
lanh 1a 12 MW (hinh 2b), cac truong hop con
lai déu cho ra diém cuc tri ctia hiéu suit ning
luong tong theo t , trong day gia tri khao sat.
Trong cac truong h0’p khao sat, hiéu suit ning
luong tong ctia hinh 2b 1a cao nhit dat 19,77%,

va hiéu suat ning lugng téng c6 xu hudng giam
khi lugng nhiét lanh thu hoi dé cap lanh giam
v6i cung mdt ndng suat tai hoa khi.

...............
5w

Twaora

a) Nang sudt tai hoa khi 1 MPTA
Nang sudt cap lanh truc tiép 6 MW
Piém t6i uu t,,=-70°C; npp,, = 14,38%

* W

5kl

.ll -l + <
a (€]

b) Nang sudt tai hoa khi 1 MPTA
Nang sudt cap lanh tryec tiép 12 MW
Piém toi uu t,,=-70°C; nppy, = 19.77%

& &
W [E

¢) Nang sudt tdi héa khi 3 MPTA
Nang sudt cap lanh truc tiep 6 MW
Diem toi vu t,= -70°C; Mo = 11, 75%
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i
e, FOfaL 1
a

u, F] g L ag F a 1 =

& 1] & e
ks Ol gall"C)

d) Néng sudt tai héa khi 3 MPTA
Niéng sudt cdp lanh triee tiép 12 MW

2%

¢) Nang sudt tdi héa khi 3 MPTA
Nang suat cap lanh truc tiecp 6 MW

Diém toi wu t,, = -70°C; i, = 13% Diém t6i wu t,,= -62°C; 1,y 1 = 29,25%
Hinh 2. Anh huong cua nhi¢t do t, lén hi¢u suat .
nang luong cua chu trinh khi lam viéc voi cac nang as, :
sudt tdi héa khi va nang sudt cdp lanh khéac nhau : s T

s

wavoran [

L] 0 &) E 0

'”u.ﬁ-:l
a) Nang sudt tdi héa khi 1 MPTA
Ndng sudt cdp lanh triee tiép 6 MW
Diém toi wu t,,= -58° =28,37%

C’ ”EX TOTAL

) o a a
b €]

b) Nang sudt tdi héa khi 1 MPTA
Niéng sudt cdp lanh triee tiép 12 MW
Diém toi wu t,,= -48° =27,7%

C’ nEX TOTAL

C -
O g

“wure
d) Nang sudt tai héa khi 3 MPTA
Nang suat cap lanh truc tiep 12 MW
Diém toiwu t,,= -60°C; 1y 1o, = 28,75%
Hinh 3. Anh huong cua nhiét do t,,lén hi¢u suat
exergy cua chu trinh khi lam viéc voi cac nang
suat tai hoa khi va nang suat cap lanh khac nhau

~ Anh huong cua nhiét do t, Ién higu
suat exergy tong cua so do dugc thé hién trén
hinh 3. So v&i hiéu suét nang luong, hi¢u suét
exergy cua chu trinh déu ¢ gia tri tdi uu trong
day nhiét do khao sat. Trong cac truong hop
khao sat, gid tri nhiét o t,, img v6i céc diém
toi uu nay cao hon so vdi cac diém toi uu ve
hiéu suat nang lugng. Két qua nay co thé dugc
giai thich do trong cong thtrc hiéu suit ning
luong, chu yéu quan tam giita thanh phan cong
suét thuc sinh ra so voi nhiét luong cép vao
cho chu trinh, trong khi dé, hiéu suit exergy &
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c6 lién quan dén cac dong exergy cip vao qua
trinh nhu cong sudt tiéu ton cho cac bom LNG,
bom trong chu trinh ORC va nuéc bién, nén gia
tri t, thap s€ tang luu lugng nuoc bién qua b
trao d01 nh1et HE3, tang cong suat bom P2 dan
dén chua téi uu vé hiéu sudt exergy. Can luu
y 1a trong so d0 nay, nudc bién dong vai tro 1a
ngudn nhiét cip vao cho propane va LNG trudc
khi gidn nd qua cac tuabin va day la cac ngudn
nhigt mién phi, exergy do nuéc bién mang vao
khong déng ké, do do nhiét do t,, s& duoc lya
chon theo diém tbi vu cua hiéu suat exergy dé

lam thong s tinh toan tiép theo.
3.2. Két qua tinh toan cac trwdong hop dién hinh

Vi gia tri cua nhi¢t do t , xdc dinh
duoc tir theo gia tri t01 uu cua hi¢u suét exergy,
cac dai lugng cong sudt, nhiét lugng, luu lugng
cua cac dong luu chét, céac loai hiéu suit la ty
1é thu hoi LNG cua so do tn dung nhiét lanh
LNG dé ddng cip lanh va phat dién dugc tinh
todn va trinh bay trong bang 3.

Bdng 3. Két qua tinh todn so do tin dung nhiét Zanh LNG dé cap Zanh va phat di¢n voi nhiét do t, , dwoc

xdc dinh theo gid tri toi wu ciia hiéu sudt exergy

TH1 TH2 TH3 TH4
G, (MTPA) 1 1 3 3
Qup, (MW) 6 12 6 12

t,(°C) -58 48 -62 -60
G (kefs) 26,44 16,51 100,7 90,19
G, (kg/s) 35,02 70,03 35.02 70,03
Gy, (kg/s) 855,5 604,7 3077 2821
Q. (kW) 11339 6961 43418 38791
Q,,p;, (kW) 7951 6329 26452 25078
QHE4 (kW) 2651 2651 7954 7954

Qs (kW) 13244 7898 51312 45576

W, (kW) 2401 2401 7203 7203

(kW) 2207 1124 9042 7813
W (kW) 570,4 570,4 1711 1711
W, (kW) 25,74 15,27 99,3 88,42

o (kW) 187 132,2 672,6 616,7
Wm (kW) 3825 2808 13762 12600

g (KW) 5743 6645 15681 16437
MNronsy, (%) 13,94 18,54 11,6 12,7

Moy roma-MaxX (%) 28,39 27,76 29,24 28,8

M, (%) 33,57 50,6 22,51 28,02
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Nhin chung, hiéu suit exergy cia cac
truong hop chénh léch khong dang ké trong
khi hiéu suit niang lugng c6 su thay ddi theo
ning suét tai hoa khi va lugng nhiét lanh thu
hdi duoc st dung dé cap lanh truc tiép. Voi
cac truong hop phan tich, cung mét luu lugng
LNG, céc thong sb nang luong lién quan dén
bo trao doi nhiét HE4 va tuabin W,Tl khong doi
khi tdng ty trong nhiét lanh thu hoi tai b trao
ddi nhiét HE1 dé 1am lanh, trong khi d6 hiéu
Suat nang lugng va ty 1€ sir dung nhi¢t lanh
dugc thu hoi tang, va 1am cho hiéu suat exergy
¢6 xu huéng giam. Két qua nay 1a do nhiét lanh
duoc thu hoi tai HE1 sé& dugc st dung truc tiép
khong phai tham gia qua trinh chuyén hoa ning
lugng tir nhiét thanh cong nhu trong chu trinh
ORC dan dén luong nhiét nay dugc bao toan.
Ngoai ra, luong nhiét can cap vao cho cac bd
trao doi nhiét HE3, HE5 giam Xuéng, nén luu
luong nude bién va cong suat tiéu hao cho bom
nude bién s& giam theo, va két qua 1a hiéu sut
ning luong cia so do sé tang 1én. Tuy nhién,
Vo1 phén nhiét lanh thu hoi dugc st dung dé
cap lanh ting 1én din dén phan nhiét lanh thu
duoc tai HE2 giam, nhiét dgf) LNG t, ra khoi
HE2 tang, lam giam hiéu suat va cong suat cua
chu trinh ORC ciing nhu cong suat phat tong
W __ cua toan so do, két qgé 1a hiéu suit exergy
cua truong hop 1 va 3 lan luot cao hon hi¢u
suét exergy cuia truong hop 2 va 4. Néu xét trén
ty 1€ thu hoi nhiét lanh duge st dung theo cong
thirc (8), ty 1¢ thu hdi nhiét lanh cao nhét tng
véi truong hop 2 14 50,6% trong khi & TH3,
gid tri ndy chi 1a 22,5%. Két qua nay cho thiy,
phuong an tan dung lai nhiét lanh cua LNG dé
lam lanh truc tiép s¢ dem lai hi¢u qua thu hdi
cao hon.

4. KET LUAN

Bai bdo da xay dung dugc cac mo hinh
toan dé phan tich hi€u qua cua so do6 tan dung

nhiét lanh ctia LNG dé vira cdp lanh va phat
dién. Cac cong cu dugc sur dung dé phan tich
13 hiéu suét nang luong va hiéu suit exergy cua
so do trong cac trudng hop co ning suét tai hoa
khi 1a 1 triéu tAn/ndm va 3 triéu tin/nam, lugng
nhiét lanh thu hoi dé lam lanh co gia tri 1a 6
MW va 12 MW. Bai béo cling da tim gia tri cua
nhiét do t,, ra khoi bo trao doi nhiét HE2 dé toi
uu ve hiéu suat nang luong va hi¢u suat exergy
ctia so d0. Két qua cho thay hiéu suit exergy
cua truc:mg hop 3 (G, =3 MTPA, ’QCOZ =6MW)
cao nhat 1a 29,29%, va cong suat phat cua so
d6 sau khi trir di cac cong suat tiéu hao boi cac
hé thong bom trong hé thong 1a 13,762 MW.
Trong khi 6, khi ting luong nhiét lanh thu hoi
tai bo trao ddi nhiét HE1 s& tang hi¢u suit nang
luong va ty 1¢ sir dung nhi¢t lanh dugc thu hoi
do phén nhiét lanh nay s€ dugc sir dung truc tiép,
khong phai bién d6i nhu trong chu trinh ORC.
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S DUNG PHUONG PHAP MO PHONG SO BE DANH GIA
HIEU QUA PHANH CUA HE THONG PHANH DAN PONG KHi NEN
TREN XE TAI

USING NUMERICAL SIMULATION METHOD TO ASSESS THE BRAKE
EFFICIENCY OF PNEUMATIC BRAKE SYSTEM ON A TRUCK

Nguyén Tién Diing, Trinh Minh Hoang, Lé Bio Viét
Khoa Co khi Bong luc, Pai hoc Bach khoa Ha Noi

TOM TAT

Ngay nay, hé thong phanh khi nén dwoc vmg dung phé bién trén xe tdi, do wu diém liec phanh
I6m va hee diéu khién ban dap nhé. Tuy nhién, do nhay hé thong phanh dan déng khi nén khéng
cao. Vi thé, viéc nghién ciru hiéu qua phanh cia hé thong phanh dan dong khi nén can dwoc chii y.
Trude day, dd cé mot s6 nghién civu vé hiéu qua phanh ciia hé thong phanh dan déng khi nén, nhung
thwong bo qua van phéan phoi nén két qua chiea thire sw bam sat véi thiee té. Trong bai bdo nay, tdc
gid sir dung phirong phdp mé phong sé dé danh gia hiéu qud phanh cé ké dén sw danh hiong cia
van phén phéi trong qud trinh hoat déng. Két qua nghién citu c6 thé sir dung lam co sé dé danh gid

dnh hwéng ciia cdc thong sé két cau dén hiéu qua phanh dan dong khi nén trén xe tdi.
Tir khéa: Hé thong phanh din dong khi nén; Mé phong sé; Van phdn phéi.
ABSTRACT

Nowadays, the pneumatic brake system is widely used on trucks due to the advantages of
large braking force and small pedal control force. However, the sensitivity of the pneumatic drive
brake system could be higher. Therefore, it is necessary to pay attention to the study of the braking
efficiency of the pneumatic drive brake system. In the past, there have been some studies on the
braking efficiency of pneumatically driven brake systems. However, they often need to include the
distribution valve, so the results are not really close to reality. In this paper, the author uses a
numerical simulation method to evaluate the braking efficiency, taking into account the influence of
the distribution valve during operation. The research results can be used as a basis to evaluate the

influence of structural parameters on the efficiency of pneumatic drive brakes on trucks.

Keywords: Pneumatic drive brake system, Numerical simulation,; Distribution valve.
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1. TONG QUAN

Theo céc tai liéu [1, 2, 3], quang duong
phanh chi dugc tinh khi phanh da c6 tac dung.
Trén thuc té, tir lac nguoi lai phat hién ra vat
can dén khi thyc hién dong tac phanh thi qua
trinh phanh dugc chia lam nhiéu giai doan khac
nhau. Nguoi ta da tién hanh nghién ctu, do
dac va xac dinh duoc dién bién cua luc phanh
(twong tng véi nd 1a gia toc phanh) theo thoi
gian trong qua trinh phanh.

Dién bién qua trinh thay d6i lyc phanh
theo thoi gian thuong dugc thé hién qua gian
d6 phanh thyc té nhu trén hinh 1 [1]. Trong do:
t, 1a thoi gian phan (mg cua nguoi lai; t, 1a thot
gian chdm tac dung cua h¢ thong phanh; t, 1a
thoi gian gia tang luc phanh (tir 0 dén gié tri 6n
dinh); t, 1a thoi gian phanh hoan toan: phu thugc
tinh hu6ng trén duong; t.la thoi gian nha phanh
(khi d3 dat van téc mong mudn) lyc phanh giam
dén 0. Hiéu qua phanh duoc xac dinh 1a tong
thoi gian t, va t,.

Déi v6i hé théng phanh dan dong bang
khi nén, do tinh chit chiu nén ctia méi chat 1a khi
nén dJ nhay cua hé théng thuong kém hon so
v6i hé théng phanh dan dong bang thuy luc hodc
co khi. Do d6, viéc danh gia hiéu qua phanh cua
hé thdng phanh khi nén 14 van dé can quan tam.
Ngoai ra, mot trong nhimg yéu t6 ké dén thoi
gian cham tic dung cia hé théng phanh 13 van
phan phéi. Chinh vi vay, trong nghién ciru nay,
nhom téc gia tap trung nghién ctru xay dung mo
hinh m6 phéng hé théng phanh khi nén trén xe
tai HINO Series 500 MODEL FM8JW7A, cho
phép danh gia dugc hiéu qua phanh cua xe.

0O A B
I
t l;Li_; ta ls _| t

A ed [

Hinh 1. Biéu dién gidan do phanh thuc té.

37 an
=3 = 5( )7

Hinh 2. So' do hé théng dan dong phanh bang khi
nén trén xe Hino500 FM
1. T (5ng van phanh; 2, 3. Cac bau phanh truoc,
4,5 6, 7. Cdc bau phanh sau.

2. MO PHONG HOAT PONG CUA VAN
PHAN PHOI

Van phéan phdi ¢6 nhiém vu déng, mo
cac van dé cap hoic ngimg cip khi nén dén cac
bau phanh, cac co cu phanh theo y mudn cua
nguoi diéu khién. Dé tang tinh chinh xac khi
md phong hé théng phanh dan dong khi nén, ta
thuc hién mé phéng thém anh huong cua van
phan phdi dén do tré ting 4p trong hé thong.
Dua vao cac phuong trinh co hoc va vat 1y can
ban, ta xac dinh dugc cac hé phuong trinh duoi
day.
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Lol —

L s i gt =
Hinh 3. Van phén phoi 6 trang théi hoat dong.

Phuong trinh vi phan cho van duéi:
—myxXy; — Fo1 (Sax — 5@2) — Kyx; + PoaSpec

— Po1-Stong — Ka(xz +x,) = 0 (1)

Trong do: x,, x, la chuyen Vi cla van
dudi va van xa dum m, 1a khoi hrorng cta van
duoi; P, P, la ap suat clra ra cua tong van &
duong trén Va duong dudi; K, K, 1a d6 cung
cua 16 xo piston dudi va van xa dudi; S, S,
S ,S. tuong Ung la dién tich mat trén cua

ptc’® téng A
van dudi, piton l6n va van xa.

Phuong trinh vi phan cho van trén dugc
mo ta theo (3):
K3(x; + x3)

—my ¥y — K%, —

+ PopASt + Fpamar-€ X0 =0 3)

Trong do: x, x, 1a chuyen vi cua van trén
va van xa trén; m, la kh01 luong cua van trén;
AS, 1a chénh lgch dlen tich gitra hai bé mat trén
va du0’1 cua piston trén; K 1a d6 ctmg cua 16 xo
van trén; K, la 6 cimg cta 10 xo van xa trén.

Hanh trinh dich chuyén cua van duéi X,
va chuyen vi cta van dudi x; duge xac dlnh
theo moi twong quan gitra chuyen dong cua cac
chi tiét:

—MyXy + Pop Spic —

P01-5t6ng Kyx, = 0(4)

Trong do: m, la tong khoi lwong van xa
va piston 16n.

Thong s6 chuyén V1 cua van xa trén x,
dugc xac dinh dua trén mdi twong quan dong
hoc ciia céc chi tiét van trong qua trinh dap
phanh cua nguoi lai:

—M3X3 + Fpamar-€  — Kzxg =0 (5)

Trong do, F_, .e ™ la cong thirc tinh

luc ban dap phanh theo thoi gian.

Tt dich chuyén cua céac piston trén va
dudi, dién tich tiét dién 10 tiét luu ¢ van trén va
van dudi trong van phan phoi dugce tinh nhu sau:

f=1.x; f,=1_.x, (6)

Trong do6: 1, 1a d6 rdng cua ctra van trén;
15 1a d6 rong cua ctra van dudi.

Bdng 1. Théng s6 van phdn phoi.

Tri s6
80*107
K,: D9 cling ctia 10 xo piston dudi (N/m) 250

Théng sb

m,: Khdi lugng ciia van dudi (kg)

K,: D0 cling ctia 10 xo van xa dudi (N/m) 300
S,,: Dién tich mét trén cta van dudi (m*) | 1,371*10
S,,: Dién tich mat dudi ctia van dudi (m?) | 1.782%10*

S,.: Dién tich mat trén cua piston I6n (m°) | 2.150*107
S.. : Dién tich tong cong cua phin mat

ton, % -3
dudi cia van xa va piston 16n (m?) 0,836*10
m: Khéi luong cua van trén (kg) 93*107

ASJ: CAhenl‘l 1601’1. d1“¢n t1.ch gitra hai l:;e 0.035%10%

mat trén va dudi cia piston trén (m?)

K,: B9 cling cta 16 xo van trén (N/m) 300
K,: D9 cling cua 16 x0 van xa trén (N/m) 500
S, Dién tich mat dudi cua van xa trén (m?) | 0,921*10

1 Bé rong cia thanh 15 van trén (m) 0,014
1,: Bé rong thanh 18 van dudi (m) 0,021
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3. MO HINH MO PHONG HE THONG DAN PONG PHANH KHI NEN

Phuong trinh vi phan mé ta chuyén dong cua 6 t6 khi phanh trén dudng bang [6]:

h 1
mx = l.omt.l‘t N.-C. L (D12 -Phautruoc + 2D§ Pravsau ) (7)

I, a,—or, 4,114,

Hé phuong trinh mé ta hoat dong cho cau trudc:

*NutY, (van phan phdi): Mo1"— My — Mgy =0

* Dmax —Poz * Doz —D2 V1 dpgg
fh-v7L A = . [5. V. A. Dgq- - =0 ®
M- fr Pmax B Drax— DPos Uz- > Po1 B Pos— Do X dt
*NAtY,: ﬁz— ni3— rri4— m'E2=0,hay:
b-b, * Py~ P; * p,-p,  Vydp, _
uzfVAppr p, MY Abagp p hlV Abpp oy 70 O
*NatY,: m, —m_, =0, hay:
2 V, d
nf;v Ap, PPy B (10)
Bp,-p; k dt

*NatY,: m,—m_ =0, hay:
Py-Py _ Vadp, _, (11)

%
u,f,v Ap
e 2Bp2-p4 k dt

H¢ phuong trinh mé ti hoat dgng cho ciu sau:

*NatY,: m,—m,—mg, =0, hay:

Pmax —Po1 Po1—Pe V1 Apor
fs.v. A. ————— — e Je. V. APy ————— ———— =10 (12)
Us. 5 Pmax B Prmar— Pox Us-f6 Po2 B Por—De % dt
*NatY,: m —m, —m,—m,=0,hay:
Po1—Ps P D7 De—Ps__ Velpe _ 13
ﬂéféUApo:aB = ﬂ?f?VApég #sfSUApégp_pB kd—O( )

*NatY,:m, —m,—m —m,=0,hay:
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* Ps~ Py P7-Pg * P7-Pio V7 dp,
W,V Apg ———— - tofov Ap; ———— -y fjv Ap, - =0 (14)
P7 Bp;-pg Bp;-p  k dt
*NatY: mg—m —m,—m.=0,hay:
* Pg~Pg * Pg~ Py * Pg-P; Vs dps
ngfsv Apg B - 1yfy v Apg B - Iypf1,v Apg B "k dt 0 (15)
Ps - Pg Ps- P11 Ps- P12 t
- V, d
* NGt Y,: m,—m, =0, hay: p v Ap, L7 P9 9P g (16)
: s, Pr7Prp Vip dp
*NatY, :m, —m_ =0, hay: p,f v Ap, L DR B S WY (17)
- V. d
*NGtY,: m, —my, =0, hay: pf, v'Ap,~8 Pl 1 P11 (18)
Bpg- k dt
Pg- P11
’ A _ 3 * pg'pp Vl” dpl';
NatY :m,—m,,=0hay: p f v Apg £ . £ 212 = (19)
Bpg-p, k dt
Bdng 2. Théng sé dau vao cho bai todn mé phong hé thong phanh khi nén
Théng sb Gia tri Théng sb Gia tri Théng sb Gia tri
v* (m/s) 330 b 0,3302 h (m) 0,032
p,. (N/m?) 700000 b, 0,3095 h, (m) 0,330
v, (md) 0,7985%10° Ty 0,4787 h_(m) 0,275
VLV, () | 0,8702¥10% | g, b, By, 0,5097 d =d, (m) 0,027
Vv, (m) 0,775*10° k 1,4 a, (m) 0,158
V, (m?) 0,708*10° A 0,654 M 0,35
V., V, (m?) 0,1765%1° B 1,13 r. (m) 0,2
V,+V,, (m’) 0,592*10° f (m?) 1,4844*10* ¢ (m) 0,143
n 0,3264 £, £, f, (m?) 1,131%10° D, (m) 0,2
i, 0,1777 f, (m?) 1,626*%10° D, (m) 0,16
My 1, 0,5401 f £, (m?) 1,131%10°
ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023 219

cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

4. KET QUA MO PHONG

a) Két qua mé phéng cac trang thai hoat
dong ctia van phan phoi

005

o =]
8 ¥

N ChRgE T )
(=]
B

(=]
(=1
=

o

o

05 1 15 2
1

Hinh 4. Dich chuyén ciia van phdn phéi khi hoat

dong binh thuong.
008
o0s
o
g
g 003
g
goo
g
001 [
& -X
4]
0 1 2 3

Hinh 5. Dich chuyén cua van phan phoi khi co ro
ri tai cau sau.

Hinh 6. D¢ dich chuyén ciia van phédn phoi.

Hinh 4, 5, 6 m6 ta hoat dong ctia van
phan phdi trong cac truong hop hoat dong khéac
nhau c6 thé xay ra trén thuc té. Két qua mo
phong da thé hién dugc do tré cua cac dich
chuyén cia cac van trong van phan phdi theo
dung quy luat thyc té.

b) Két qua moé phéng thoi gian ting ap tai
cac bau phanh trong cic truomg hop lam
viéc ciia van phan phdi

Hinh 7, 8 thé hién qua trinh ting ap suit
tai cic bau phanh trudc va bau phanh sau. Dé
tang 4p suét 1én dén gia tri hodc gan bang pmax
& cac bau phanh trudc va sau déu thoéa méan theo
tiéu chuan (thoi gian ting ap dudi 1 gidy [1]).

<10°

ap suat bau phanh truoc (Pa)
[\%] [ ] = (8] [=2] -

L -

0.5 1 1.5 2

t(s)

=
[=]

Hinh 7. Thoi gian tang dp tai bau phanh truée.

<10°

= @n [=2] =i
e -~
-
R

% T ¥Y

ap suat bau phanh sau (Pa)
o

-
—-—

=%
T

tis)

Hinh 8. Thoi gian tang dp tai bau phanh sau.

¢) Panh gia hi¢u qua phanh thong qua tiéu
chi quang duwdong phanh

Sau khi tién hanh mé phong va khao sat
hé théng phanh khi nén, két qua thu dugc phuc
vu cho viéc danh gi4 hiéu qua phanh thé hién
trén hiqh 7 v6i van téc phanh ban dau v, =80
km/h d€n khi dung xe (v, = 0 km/h):
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ha w £ wn
o o [=] o

quang duong phanh (m)

¢

Hinh 9. Quéng dwong phanh ciia xe khi hé thong
phanh hoat dong binh thuong.
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Hinh 10. Quang dwong phanh ciia xe khi hé thong
phanh bi 1o ri cau trude.
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Hinh 11. Quing dwong phanh ciia xe khi hé thong
phanh bi ro ri cau sau.

Tir d0 thi hinh 9 thay duoc quing duong
phanh khi xe hoat dong binh thuong Ia S, =
44,9 (m) trong thoi gian phanh t =1948 (s)
Két qua cho thay véi nhiing thong s6 k¥ thuat
hién tai trén xe nghién ctru 1a phu hop va nam

trong gié tri cho phép ddi vai tiéu chuan [1].

Tur d@ thi hinh 10, 11, khi 6 su o ri khi
nén tai cau trude va cau sau thi quing dudng
phanh tir 44,9 (m) tang Ién tuong tng vaéi hai
truong hop 1a 63,1 (m) va 115,919 (m).

5. KET LUAN

Trong bai nghién ctru nay, cac tac gia da
tién hanh mo phong hé théng phanh khi nén va
danh gia hi€u qua phanh trén xe HINO 500 FM
bang phan mém mé phong sb. Thoi gian ting
ap suat trong cac bau phanh tir 0 1én gia tri cuc
dai co d6 tré va nam trong giéi han cho phép
trong céc truong hop. Quang duong phanh va
thot gian phanh ciing dugc xac dinh va danh
gid nam trong tiéu chuan. Ngoai ra, viéc mo
phong thanh cong hé thdng cho phép goi mo
cac y tudng khao sat anh hudng cua cac thong
s6 két chu va str dung dén hiéu qua phanh, lam
co s& cho bai toan lya chon két cAu va thong $6
k¥ thudt cta cac chi tiét trong hé théng phanh
sau nay. %

Ngay nhan bai: 23/5/2023
Ngay phan bién: 14/6/2023
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’NG DUNG CONG CU SO BE BDANH GIA CAC PAC TiNH CHAY
CHO PONG CO SU’ DUNG NHIEN LIEU KEP BIODIESEL VA LNG

THE NUMERICAL SIMULATION TO ANALYZE COMBUSTION
CHARACTERISTICS OF DUAL FUEL ENGINE USING BIODIESEL AND LNG

Tran Thé Nam
Truong Dai hoc Hang hai Viét Nam

TOM TAT

Nhién liéu diesel sinh hoc (biodiesel) va khi tir nhién (LNG) la hai tmg vién ¢é nhiéu trién vong
cho cdc muc tiéu ngan va trung han cia IMO. Péng co nhién liéu kép, chay bang LNG va phun moi
voi mot lwong nho biodiesel, da xudat hién trong cac phwong tién van tai va phat dién trong linh viec
hang hai nhu mot gidi phap cwee ky hdp dan do lwong khi thaz tha'p va tinh linh hoat cua nhién li¢u. Tuy
nhién, cac quy dinh vé khi thai nghiém ngat honva yéu cau khdt khe cua thi truong doi voi dong co sir
dung nhién liéu kép doi hoi thoi gian phdt trién dong co ngay cang ngdn hon. Trude mdt, cde nghién
cuu thue nghiém trén dong co nhién liéu kép la rat khé kha thi & diéu kién Viét Nam do khé khan trong
tiép cdn dong co thuc ciing nhur chi phi thik nghiém qud cao. Do d6, nghién ciru mé phong sé bang cdc
céng cu may tinh la phit hop dé hiéu ré cac ddc tinh chdy va phdt thai ciia dong co nhién liéu kép. Bai
bdo nay tdp trung vao xdy dung mé hinh tinh todn sé duwa trén phan mém Diesel RK dé dp dung cho
bai todn déng co nhién liéu kép dwa trén déng co mau Wirtsild 6L20DF nham phan tich va danh gid
cdc ddc tinh chdy nhw toc dé giai phéng nhiét va thoi gian chdy tré theo cdc théng sé ddc tinh phun
nhién liéu. Cdc két qud thir nghiém sé di cung cdp cdc hiéu biét quan trong vé moi quan hé gitka dic
tinh phun nhién liéu va dac tinh chay cua dong co nhién liéu kép khi sir dung biodiesel va LNG.

Tir khéa: Dong co nhién liéu kép; Biodiesel; LNG; Pdc tinh chdy; Mé phong so.

ABSTRACT

Biodiesel fuel and liquefied natural gas (LNG) are two promising candidates for IMO's short
and medium term goals. The dual fuel engine, powered by LNG combined with biodiesel pilot injection,
has appeared in marine transport vehicles as an extremely attractive solution due to its low emissions
and fuel flexibility. However, stricter emissions regulations and market requirements for dual-fuel
engines require increasingly shorter engine development times. In the short term, experimental studies
on dual fuel engines are very difficult to do in Vietham conditions due to the difficulty in accessing
the real engine as well as the high cost of testing. Therefore, the numerical simulation is suitable
to understand the combustion and emission characteristics of dual fuel engines. This paper focuses
on building a numerical model based on Diesel RK software to apply to the problem of dual fuel
engine based on Wirtsild 6L20DF engine, in order to analyze combustion characteristics such as heat
release rate and combustion delay time according to fuel injection characteristics parameters. The
numerical test results have provided important insights into the relationship between fuel injection
and combustion characteristics of dual fuel engines when using biodiesel and LNG.

Keywords: Dual-fuel engines, Biodiesel; LNG; Combustion characterictics; Numerical
simulation.
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1. PAT VAN PE

Van tai bién toan cau dang phai ddi
mat voi nhitng thach thire 1on véi cac quy dinh
méi vé chét luong khong khi va muc tiéu khu
cacbon 50% vao nam 2050 [1]. Hi¢n nay, vi
1y do kinh té, phan 16n van tai bién trén toan
cau sir dung chii yéu céc tau co trang bi dong
co chinh chay str dung nhién li¢u nang (HFO).
Mic dia HFO ¢6 hiéu qua vé chi phi, nhung
chung chira ham lugng cao cdn carbon, luu
huynh va cac hop chat kim loai, dong thoi co
dd nhdt cao va dac tinh bay hoi kém. Do nhitng
dic diém nay, qua trinh dot chay nhién liéu
ning cua dong co diesel tau thiy, c6 thé tao ra
mot luong dang ké cac chat gay 6 nhidm khong
khi nhu oxit nito (NOx ), oxit luu huynh (SOx),
cqcbon monoxide (CO) Vé.’ khi cacbonic (CO,).
T6 chtrc Hang hai Quoc té (IMO) da ban hanh
cac quy dinh vé khi thai tir tau bao gom Cong
udc Qudc té vé Ngin ngira O nhiém tir Tau
(MARPOL) va dat ra cac gidi han vé lugng khi
thai SOx va NOx. Hon nita, dé tiép ndi nhiing
nd luc nay, IMO da cong b6 Chién luge ban dau
ctia IMO vé giam phat thai khi nha kinh tir tau
(goi tat 1a Chién luoc ban dau) vao nim 2018
[2]. bé dat dugc tim nhin nay, Chién lugc ban
dau da dé xuét cac bién phap ngan han, trung
han va dai han véi cac moc thoi gian kha thi
va chiing duoc tom tit trong Bang 1. Cac bién
phap giam phat thai khi tir tau c¢6 thé dugc phan
loai gom: (1) dé nang cao hiéu qua ning luong
vé k¥ thuat hodc van hanh thong qua cac cong
nghé tién tién va (2) dé van hanh tau bang nhién
lidu thay thé it cacbon va khong cacbon.

Bouman va cong su [3] da tién hanh
khao sat 19 cong nghé lién quan dén tiét kiém
nhién liéu (bao gdm tdi wu hoa hinh dang than
tau, t6i wu hoa hanh trinh, sttc can, cai thién
hiéu sudt ddy, v.v.) va hai loai nhién liéu thay
thé (LNG va nhién liéu sinh hoc). Tiém ning

giam phat thai CO, cia 19 cong nghé tiét kiém
nhién li¢u ndm trong khoang tr 1% dén 35%,
trong khi nhién li¢u sinh hoc véi tiém nang co
tI}é giam 80% phit thai CO,. Mot nghién ciru
gan day cia DNV-GL [4] cho thay c6 thé dat
dugc hoat dong cua tau khong cacbon thong
qua mot s6 nhién liéu thay thé. Do d6, van hanh
tau bang nhién liéu thay thé 1a mot trong nhimng
bién phap hiéu qua nhat dé giam phat thai khi
nha kinh theo muc tiéu tir ngin han dén dai
han [5]. Cac nhién li¢u thay thé day trién vong
bao gom khi tuy nhién héa long (LNG), hydro,
amoniac, metanol, etanol, nhién liéu sinh hoc,
nhién liéu téng hop, dién san xudt tir pin,... [6].

Trong nhirng niam gan day, dé dap tmg
cac quy dinh cua IMO, LNG da 1a mét lya chon
vu tién cho cac hé théng ning luong tau thay
[7]. LNG c6 kha ndng giam t&1 26% phat thai
CO, so v6inhién li¢u nang (HFO) Vé’khéng tao
ra khi thai SOx va khi thai NOx thap. So vdi
cac loai nhién liéu thay thé khac, LNG c6 gia
nguyén liéu canh tranh, nhiéu co sé ha ting hon
cho tau va cac cong nghé sin c6 trén thi trudong
[8]. Trong s6 cac ho dong co chay bang nhién
li¢u khi, dong co nhién liéu kép (DF) dang
chiém linh thi truong ning lugng va hang hai.
Trong dong co DF, mot lwong nho nhién li¢u
diesel dugc phun vao cudi ky nén trong hdn
hop khong khi-gas loang [9]. Nhién li¢u diesel
¢6 hoat tinh cao, tu bdc chay sau mot khoang
thoi gian nhét dinh, giai phong mot lugng nhiét
du dé kich hoat cac phan tmg héa hoc dé ddt
chay hon hop khong khi nén va métan. Pong
co DF la giai phap phu hop cho thi truong hang
hai nho tinh linh hoat d¢ van hanh ca véi diesel
va LNG tuy theo gié nhién li€u hién hanh, tinh
san co cua nhién liu, muc tiéu hoat dong va
khu vuc van chuyén. Hon nita, dong co DF
hoan toan c6 thé tuong thich voi nhién liu
sinh hoc, né ¢6 thé 1a ngudn ning luong trung
hoa cacbon va giam CO, trong vong doi [én to1
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88% [10]. Uu diém 16n nhat ctia nhién liéu sinh
hoc 1a loai nhién li¢u nay tuong thich voi co
s& ha tﬁng va hé théng dong co hién c6 cua tau
thuy.

Ngay nay, cic giai doan phat trién va
t6i wu hoa san pham duoc kiém soat boi cac
quy dinh phat thai ngay cang nghiém ngat va
b6i nhu cu canh tranh ciing nhu cac thach
thirc cua thi truong. Tur goc do quy dinh, cac
quy dinh cia Marpol Phu luc VI, c6 hiéu luc tir
ngay 1 thang 1 nam 2020, quy dinh ham luong
lwu huynh cé thé chap nhan duoc trong nhién
li¢u dugce su dung trén tau hoat dong trong Khu
vuc kiém soat khi thai (ECA) voi muc tdi da 1a
0,5% [11]. Ngoai ra, khung phap 1y dang dan
thuc thi cac muc tiéu dé dat duoc muc tiéu giam
it nhat 50% tong luong khi nha kinh hang nim
vao nam 2050 so véi nam 2008. V& van dé nay,
Chi s6 thiét ké hiéu qua ning lugng (EEDI)
Giai doan 3 [12] dat muc tiéu dén nam 2025
giam 30% cuong do cacbon trong van tai. Tuy
nhién, ngay ca khi cac dong co DF hi¢n dai
tudn thi ddy di cic quy dinh vé& khi thai néu
trén, giai doan phat trién chung ciing pha1 phu
thudc vao cac yéu t6 chinh nhu hiéu qua t01 da
trén toan by pham vi tai, dJ tin cdy va tdi wu
hoa tai mot phan khi sir dung ludng nhién liéu
diesel hoic biodiesel va LNG dé cung cap ning
lugng chinh cho cac doi tau [13].

Viéc st dung cac nghién ctu thuc
nghiém khi nghién ctru vé cac nhién liéu thay
thé trén tau thay 1a rit kho khin va phuc tap do
cac quy dinh an toan va diéu kién thir nghiém
trén tau 1a bat kha thi trong bbi canh hién nay.
Do d06, viéc sur dung cac mo hinh s6 hodc cong
cu phﬁn mém dé hd tro trong vi€c tinh toan
va danh gia qua trinh chay va hinh thanh phat
thai khi d6t chay nhién liéu kép duoc xem la
kha thi. Bai viét ndy trinh bay mot nghién ctru
mo phong s6 nham danh gia dic tinh chay trén
dong co DF sir dung biodiesel va LNG bang
cong cu tinh toan mo phong Diesel RK. Cac
di li¢u tinh toan cho dong co Wirtsild 6L20DF
da duoc thiét 1ap v6&i ma tran thu nghiém bao
gdm cac dic tinh chay nhu téc do giai phong
nhiét va thoi gian chdy tré ing véi cac thong
s6 phun nhién liéu biodiesel (4p suét va thoi
gian phun, thoi diém bét diu phun (BDP)) va
cic dic tinh khic nhau cia hon hgp khong khi
— gas (LNG) (ap suét, nhiét d va ty 1& hon hop
khong khi/nhién li¢u gas) Nghién ctou h1en tai
nham muc dich cung cip nhitng hiéu biét vé co
ché bt ddu chay cua dong co DF va phat trién
mot cong cu pht hop dé du doan chinh xac qué
trinh chéy véi dac tinh phun moi va su hoa tron
san da duoc thiét 1ap. Cac két qua dat duoc tir
nghién curu nay co thé cung cép mot bo dir liéu
dang tin cay dé dy doan thoi gian chay tré va
déc tinh chay cta ngon Itra trong dong co DF.

Bdng 1. Tém tat cdc giai phap ngan han, trung han va dai han dé dap iing Chién lwoc ban dau

Ngin han

Trung han

Dai han

- Cai thién khung hiéu qua nang luong.

- Xay dung cac bién phap k¥ thuat va van hanh hi¢u qua nang
luong.

- Khuyén khich cac chinh sach quéc gia, vu dai va cac hoat
dong cang.

- Bt diu nghién ctru v& nhién liéu thay thé va cong nghé tién
tién.

- Thyc hién cac nghién ctru phat thai khi nha kinh b sung.

- Trién khai chuong trinh sir dung
hiéu qua nhién liéu thay thé.

- Céc bién phép hi¢u qua nang
luong hoat dong.

- Co ché giam phat thai sang tao.
- Tang cuong hop tac ky thuat.

- Xay dung co ché phan hdi dé
hoc hoi va chia sé bai hoc kinh
nghiém.

- Theo dudi viée phat trién
va cung cip nhién lidu thay
thé.

- Khuyén khich va tao didu
kién thuan lgi cho viéc

ap dung chung cac co ché
giam phat thai sang tao kha
thi khac.
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2. QUY TRINH TiNH TOAN MO PHONG
2.1. Pong co va nhién li¢u

Qua trinh tinh todn mé phong sé dugc
thuc hién boi sy hd trg cua cong cu phin mém
Diesel RK, mot cong cu tinh todn nhiét dong
hoc cho dong co ddt trong duoc xay dung boi
nhém cac nha khoa hoc Nga, duing dau 1a Gido
su Andrey Kuleshov [14]. Phin mém duoc sir
dung dé mo hinh hoa cho dong co sir dung nhién
liéu kép [15]. Tinh toan mé phong dugc thuc

hién trén dir li€u tr dong co Wirtsild 6L20DF.
Dt li¢u ky thuat dac trung cua dong co Wartsild
6L20DF dugc thé hién trong Bang 2. Pong co
nay dat dugc mirc tiéu thy nhién lidu rat thap,
dong thoi tuan thi cac quy dinh NOx Tier III
cua IMO, dong co dugc trang bi cac cong nghé
tién tién nhat dé kiém soat khong khi nap (ting
ap hai cap va van bién thién) va st dung hé
thong phun Common Rail rat linh hoat. V&
nhién li€u, dac tinh cua LNG va biodiesel sir
dung cho cac tinh todn thur nghiém trong nghién
ctru nay duogc trinh bay trong Bang 3.

Bang 2. Cac dac tinh ky thuat cua dong co Wirtsild 6L20DF

Théng sb Gia tri Pon vi
Cong suat dinh muc ciia dong co 1110 kW
S6 xilanh cia dong co 6
Téc d6 quay cia dong co 1200 rpm

Loai dong co

Dong co 4 ky, két cdu xilanh hinh thung, mot hang xilanh thang ding

buong kinh xilanh 280 mm
Hanh trinh piston 200 mm
Ap suat trung binh c6 ich 27.2 Bar
Suat tiéu ha}o narrlg, luong trung 7300 K/kWh
binh c6 ich
Bang 3. Tinh chat nhién liéu.
Tinh chit nhién li¢u Pon vi LNG Biodiesel
S6 xétan (min) - - 51
S6 métan - 85 -
Do nhét dong hoc & 40°C cST - 3,5-5,0
Khdi lwong riéng & 15°C Kg/m? 0,75 860-900
Nhiét trj thap Ml/kg 498 38
CH,: 95,4 C:79.5
i ) CH,: 3,93 H- 103
Thanh phan % khoi lugng C,H.: 0,40 o
308 0:89
CH,: 0,17 N 13
N: 0,07 7
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2.2. Ma tran thir nghiém

Vé thiét 1ap ché d6 thir nghiém so, dé tap
trung vao nghién ctru qua trinh chay cho dong
co nhién li¢u kép, qua trinh phan tich dugc thuc
hién & diéu kién 50% cong suat dinh muc. Tai
duge dam bao bang cach diéu chinh thoi gian
dong van nap khi LNG. Trén thuc té, diéu kién
van hanh cta dong co & 50% tai co cac thong
) k¥ thuat nhién liéu va khong khi khac so voi
truong hop day tai. Mot ma tran thir nghiém voi
cac bién s6 vé dic tinh phun nhién liéu cta thoi
diém bat dau phun (BPP), thoi diém phun sém
(BDP — 5°GQTK), thoi diém phun tré (BDP +
5°GQTK) v&i 2 mirc vé ap suét phun (ASP) va
thoi gian phun nhién liéu (TGP). Véi ché do
thir nhat, lugng phun nhién liéu (LP) di ting
30% (LP1) khi thay d6i ap suat phun tir ASP1
(1500 bar) sang ASP2 (2000 bar). Ché do thtr
2, lugng phun nhién li¢u tang 1én 50% (LP2)
khi thay ddi 4p suat phun tir ASP1 1én ASP2,
trong khi thoi gian phun TGP tang tr 1250 ps
dén 1550 ps. Ché d6 3, khi luong phun nhién
lidu 12 16n nhat, ty 18 khong khi/khi LNG tuong
doi (. ,,,) gidm tir 2,5 xudng 2,1 da dugc thiét
1ap thong qua sy thay doi thoi diém dong xupap
nap, diéu nay lam cho nhiét d6 hdn hop moi
chat trong xilanh thap hon ¢ giai doan dau cia
qué trinh nén. Do do, ma tran tinh toan tha
nghiém dugc thiét 14p nhu trong Bang 4.

Bang 4. Ma tran thir nghiém cho tinh toan moé phong

Ché d mic dinh: LP (tham chiéu theo dong co
mau), ASP1 = 1500 bar, TGP1 = 1250 ps,

Ay, =2.5.

Ché d 1: LP + 30%, ASP2 = 2000 bar,

TGP1 = 1250 ps, A, =2.,5.

Ché d 2: LP + 50%, ASP2 = 2000 bar,
TGP2=1550 ps, A, =2,5.

Ché d 3: LP + 50%, ASP2 = 2000 bar,
TGP2=1550 us, A,, =2,1.

kk-gas

Céc tinh toan chi tiét vé qua trinh chay
trén Wirtsild 6L20DF da duoc thuc hién dé md
ta qua trinh chay trong cac diéu kién phun moi
va dic tinh nap khac nhau. Ngoai ra, dé danh
gia tac dong cua khi métan d6i voi do tré danh
Itra, 12 diém khao sat véi ma tran thu nghiém ¢
ché do chi str dung phun mdi biodiesel di duoc
phan tich va so sanh véi cac ché do st dung
nhién liéu kép dién hinh. Téc do giai phong
nhiét dugc tinh toan trong Diesel RK tuong trng
v6i cac diéu kién duge thiét 1ap trong cac ché
d6 khac nhau. M6 hinh truyén nhiét Woschni
da duoc tich hop trong phan mém dé xac dinh
cac t6n that nhiét qua vach xilanh, nip xilanh
va piston. Cac phan tich dya trén dir liéu mo
phong tap trung vao cac ndi dung sau: (i) Anh
huong cua luong biodiesel va cac dac tinh phun
nhién liéu dén qua trinh chay; (ii) Anh huéng
ctia thoi diém phun nhién liéu dén qua trinh
chay trong dong co; (iii) Anh huong cua khi
métan dén thoi gian chay tré.

3. KET QUA VA THAO LUAN
3.1. Toc dd giai phéng nhiét

Dién bién cua toc do giai phong nhiét
d6i v6i cac ché do thir nghiém mo phong trén
dong co tuong ung véi 3 muic lugng phun nhién
liéu gdm mirc LP tham chiéu theo dong co mau
(md ta bang nét lién), mac LP + 30% (md ta
bang nét cham gach), LP + 50% (md ta bang
nét dat) cho ché do phun moi biodiesel va ché
dd nhién liéu kép dugc trinh bay trong Hinh
1. Nhin chung, khi lugng phun ting thi téc do
giai phong nhiét cuc dai ting dang ké dbi voi
ca ché 46 phun mdi (ting 2 1an tir LP dén LP +
50%) va ché do nhién liéu kép (ting 67% tir LP
dén LP + 50%). Can chd ¥ rang ap suat phun
tai cac muc 1a khac nhau (4p sudt phun ¢ mirc
1 1a 1500 bar, & muc 2 1a 2000 bar) trong khi
thoi gian phun TGP duogc duy tri khong d6i do
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tac dong thuy dong luc hoc khéc nhau cia kim
phun véi ap suat trong 6ng tich trir nhién li¢u
cao hon.
_3 r

LP [tharn chidu), ASP1, TGP

LP + 0%, ASP2, TGP
LF + 50%, ASPZ, TGP2

]

Wi iigu képo Ly

Téc a5 gidi phdng nhist [kaid)

o 5 1 15 20 2 30 35
Goc quay tnge khay [98]
Hinh 1. Dien bién toc do giai phong nhiét voi cac
luwong cap nhién liéu khac nhau o hai ché do phun
moi va nhién liéu kép

Phan phia dudi ciia Hinh 1 cho thiy
rang thoi gian chay tré dugc khao sat 1a tuong
tu nhau véi cac muac lugng phun nhién liéu khac
nhau do thoi diém bat dau phun 13 nhu nhau.
Thuc té, thoi gian chay tré 1a khoang thoi gian
tir luc bat dau phun nhién liéu d&én khi nhién
lidu bt dau chay. Nhién liéu biodiesel boc chay
trong tit ca cac truong hop dugc xem xét sau
khi két thuc qua trinh phun va né chay ¢ mot
goc xac dinh [16]. Bén canh d6, phan phia trén
ctua Hinh 1 da mo ta truong hop su dung nhién
lidu kép, viéc tang luong phun khong din dén
su thay doi dang ké vé thoi gian chay tré. Tuy
nhién, nhiét lwong gidi phong trong giai doan
chay ban dau gia ting khi luong biodiesel dugc
phun vao nhiéu hon. Cac dir liéu mé phong cho
thdy & ca hai ché d6 (chi sir dung phun moi va
ché do sir dung nhién liéu kép), qua trinh chay
ban dau khong phu thudc vao lugng nhién li¢u
duoc phun vao. Diéu nay c6 thé lién quan dén
co ché dong hoc chay dugc giai thich nhu sau:
trong nhiing diéu kién thiét 1ap & trén, nhiét do
tai thoi diém bét dau chay xem nhu khong doi
bdi do chinh 1a ngudng kich hoat nang luong
cho cac phan ng toa nhiét, do do, tde do giai

phong nhiét sé tang boi nang luong gidi phong
gia tang tir qua trinh oxy hoda nhién li¢u c6 hoat
tinh cao.

3
= LF (tham chifiu), ASF1, TGP
= LP + 50%, ASPZ, TQP2
2 7
w2 P
£ /4
[ =3
=11
(=
E.;_ hitidn bu kep Y
&= 1 s "
-4 i ’
:E i ,:'.l N -
{ S Phuwmdd
0 - e o :
Q 5 10 15 20 25 30 35
Gdc quay truc khiy [08)
(a)
3
= LP (thom chifa), A5P1, TGP
= _— LP + B0%, ASPZ, TGF2
22
= 2 &
£ i
= 4
on /
§ =
% Ao Wt o
o1
on
§ Pinean i
=03 -
= - el -
[ o = S S A . .
a 5 10 15 20 25 30 a5
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(b)
Hinh 2. Toc d¢ gidi phéng nhiét cho trieong hop
lwong phun nhién liéu (LP) tham chiéu va LP +
50% ¢ hai ché dé phun moi va nhién liéu kép

Thiét 1ap cac ché do véi sy thay doi vé
diém bat dau phun (BDP) so v6i BDP tham
chiéu theo dong co mau bao gém thoi diém
bét dau phun tré hon 5 d goc quay truc khuyu
(BDP+5°GQTK), thoi diém bat dau phun sém
hon 5 dg goc quay truc khuyu (BDP 5°GQTK)
dé danh gia dién bién thay doi vé toc do giai
phong nhiét trong xilanh dong co. Hinh 2a mo
ta dién bién vé toc do giai phong nhiét khi thoi
diém bat dau phun tré hon so voi thoi diém bét
dau phun tham chiéu cho hai ché d6 gom: chi
su dung phun mdi biodiesel va ché do st dung
phun kép tuong tng. Hinh 2b trinh bay su thay
d6i vé toc do giai phong nhiét dbi véi ca hai ché
d6 phun mdi thuan tay véi biodiesel va nhién
li¢u kép khi BDP s6m hon.
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Dt li¢u thu dugc véi cac truong hop
BDP tré va som trén Hinh 2 da cho thdy rang
thoi gian chay tré tang 1én dang ké khi BDP
som hon, trong khi hdn hop bdc chay trong ca
hai truong hop & mirc goc quay truc khuyu nhu
nhau cho ca ché do chi ding nhién liéu phun
mdi va ché d6 nhién liéu kép. Trong diéu kién
md phong, xem nhu céc diéu kién nhiét dong
luc hoc trong hanh trinh nén duge duy tri gan
nhu khong d6i gitta hai truong hop nén goc
quay truc khuyu cua thoi diém bat dau chay
nhu nhau phan 4nh su thay doi ¢ han cta nhiét
do tai thoi diém bat dau chay, diéu nay phu
hop v6i co ché dong hoc cua giai doan chay
ban dau [17]. Quan trong hon, su thay d6i vé
thoi diém béat dau phun di anh huong dang
ké toi su thay dbi cua téc do giai phong nhiét
ctia hon hop chay trong xilanh. Khi nhién liéu
biodiesel dugc phun vao budng chay cang som
thi thoi gian chuan bi chay cang 16n, thoi diém
bit dau chay som hon, khi d6 su khuéch tan
clia nhién liéu biodiesel trong hon hgp khong
khi-khi métan cang rong. Trong diéu kién nay,
nhién liéu biodiesel chdy chdm hon va lugng
nhiét toa ra trén mdi goc quay thap hon, diéu
nay lam cho qua trinh lan truyén ngon lira cta
khi métan dé dang hon. Nguoc lai, néu nhién
liéu biodiesel dugc phun vao xilanh mudn hon,
viéc hinh thanh cic ddm may hoi biodiesel
giam, do ca mat dg cao cua hdn hop khi nap bi
nén va thoi gian chay tré ngin hon [18]. Hon
nira, nang lugng giai phong trén mot don vi thé
tich trong diéu kién nay 16n hon so véi trudng
hop BBP sém. Do d6, qué trinh dbt chay nhién
liéu biodiesel manh hon va khi métan bat chay
nhanh.

3.2. Thoi gian chay tré
Hinh 3 mo ta két qua tinh toan dé danh

gia tac dong cua khi métan dén thoi gian chay
tre cua nhién liéu biodiesel & cac nhiét do tai

thoi diém bét dau phun véi ca hai ché do chi
dung phun moi va ding nhién liéu kép. Dit liéu
phan tich cho thdy, thoi gian chay tré duoc xét
1a khoang thoi gian giita thoi diém bat dau phun
va thoi diém tai goc quay truc khuyu tng voi
nhiét luong giai phong bang 0,05kJ/d6 GQTK,
1a téc do giai phong nhiét tdi thiéu twong Gmg
voi1 su chdy cua nhién liéu biodiesel va du 16n
dé khic phuc cac anh hudng cua cac xung ap
sudt trong qua trinh giai phong ning luong
[19].

P &—Phun mibi b, . =25 Miler thiip
= o = =P RSP e gas = 2.5, Millar thiip
'E_ - e P Ml s gee™ 2.1, Millor Govo
E 18 P kA — 2.1, Miller coo
-

& 18

g 14

5

CIET -

E 12 ‘..“‘

10 i S -

a8

A0 330 3B0 340 K0 A0 ATO 3RO 300 400 410 420 430

Cée quay teye khujpu (48]
Hinh 3. Moi quan hé giita thoi gian chady tré va
nhiét d¢ tai thoi diém bat dau phun cho cd ché dé
chi ¢6 phun moi va ding nhién liéu kép.

Nhu di trinh bay & phan trén, su ting
thoi diém bat dau phun da 1am nhiét 46 caa hdn
hop khong khi-gas trong xilanh giam xubng,
dan dén gia tang thoi gian chay tré. Thuc té
tir két qua phén tich cho thdy thoi gian chay
tré tang tuyén tinh khi giam nhiét do thoi diém
phun nhién li¢u. Mac du xu hudéng phu thudc
tuyén tinh nay dugc thé hién & ca ché do phun
mdi nhién liéu va nhién liéu kép, tuy nhién,
Hinh 3 van cho théy 6 su khac biét vé gia tri
tai cac nhiét do twong ng ctia moi ché do. Po
1éch nay chi ra rang néu nhiét do thoi diém phun
duogc gitt khong ddi, su hién dién cta khi métan
trong hon hop khi nap s& lam ting thoi gian
chay tré. Noi cach khac, trong ca hai truong
hop, qué trinh chay déu duogc kiém soat dong
hoc va nhién liéu biodiesel boc chay khi nhiét
do dat dén mot nguong nhét dinh, nhung trong
trudng hop nhién liéu kép, thoi gian chay tré
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tuong tu cua truong hop chi st dung biodiesel
ghi nhan véi mirc nhiét @6 hon hgp cao hon. Cu
thé, & nhiét do thoi diém bat dau phun khong
doi, thoi gian chay tré ¢ ché do nhién liéu kép
cao hon ché do chi dung phun méi khoang 1 do
néu thoi diém phun tré va ting t6i 2 do néu thoi
diém phun sém. Do 1éch giita cac dudng nhién
lié}l kép va chi dung phun mdi ting nhe néu %.kk_gas
thap hon va mac Miller 16n hon [20]. Trong
diéu kién nay, dbi voi mot thoi diém bat dau
phun nhét dinh, nhiét d6 thip hon khoang 25°C
va thoi gian chay tré 1au hon 3°GQTK. Ngoai
ra, trong cac trudng hop thoi diém bat ddu phun
sdm, mat do hon hop khi nap thép hon s€ thiic
day qua trinh thim nhap phun nhanh hon va sy
khuéch tan rong hon cua nhién li¢u biodiesel.
Ty 1¢ khdi lwong biodiesel thap hon va dic biét
1a ty 16 métan/biodiesel cao hon gop phan lam
gia ting dang ké thoi gian chay tré.

4. KET LUAN

Bai viét d trinh bay cac nghién ctru tinh
to4an mo phong sb vé qua trinh chay trong dong
co Wirtsila 6L20DF v&i sy hd tro cia goi phan
mém Diesel RK, v&i tiéu chi cung cap mot mod
hinh hién tugng déng tin cdy co thé du doan
chinh x4c qué trinh chay ctia hdn hop, nam bat
duoc hi¢u tng cua cac chién lugc phun nhién
liéu khac nhau, nhiét dong luc hoc hon hop va
tinh chét héa hoc.

Phén tich thtr nghiém duoc tién hanh
cho ca ché do chi st dung nhién liéu biodiesel
va nhién liéu, xem xét cac thay doi vé thoi gian
phun, lwong phun va ap suat phun. Cac két qua
chinh ctia phan tich dit liéu mo phong co thé
duoc tom tat nhu sau:

Thoi diém phun cho thay tac dong rat it
den thoi dieém bat dau chay, trong khi tac dong
dang ké dén cuong do cua qua trinh chay, ca

trong truong hop chi co phun mdi va ¢ ché do
nhién liéu kép: néu nhién liéu biodiesel 1a duoc
phun mudn, dam may hoi biodiesel 1a kha han
ché, do ca mat do khi nap cao va thoi gian chay
tré ngan hon, dan dén qué trinh chay manh hon
néu so sanh voi trudng hop phun sém véi dic
trung 1a mat do hon hop khi nap loang hon va
thoi gian chay tré dai hon.

Céc hiéu biét vé co ché chay trong dong
co nhién liéu kép sir dung phun mdi biodiesel
va nhién liéu kép gdm biodiesel va LNG da
duoc 1am rd hon theo mot khia canh dé cap dén
tac dong cua cac thong s phun. Tuy nhién, cac
dir liéu phan tich con tdn tai cac gi61 han nhét
dinh, do pham vi thiét 1ap trong tinh toan mé
phong sb bang phan mém Diesel RK cho quéa
trinh chay con ton tai cac gidi han vé diéu kién
thiét 1ap cho mo6 hinh nhiét dong luc hoc va hoa
hoc. Trong tuong lai, viéc m¢ rong pham vi
nghién cuu khi xét cac mé hinh chay da vung
c6 thé s& phan anh tot hon va tin cdy hon trong
viéc du doan qué trinh chay voi sai sb trung
binh cta thdi gian chay tré khoang 1 do goc
quay va dy doan trung thyc hon vé cac dic tinh
chay cua dong co nhién liéu kép. Do co thé 1a
tién dé dé thuc hién cac nghién ctu danh gia
dac tinh dong co va dac tinh phat thai cia dong
co nhién li¢u kép str dung nhién li€u biodiesel
va LNG trong tuong lai.**
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NGHIEN Cl’U THIET KE QUY TRINH CONG NGHE CHE TAO LUA
TU SOI TO SEN TAI VIET NAM

RESEARCH AND DESIGN THE TECHNOLOGICAL PROCESS OF MAKING SILK
FROM LOTUS SILK IN VIETNAM

Nguyén Thi Lan Anh, Trin Thanh Hai, Ping Thij Ly
Khoa Dét May Thoi trang, Trudong Pai hoc Kinh té — Ky thuat Cong nghiép

TOM TAT

Ngoai lua dwoc san xudt tir to tam ra thi lua san xudt tir to sen cing la mot loai lua quy, do
né khéng chira bdt ky loai héa chdt nao, nguwoi sir dung logi lua nay c6 cam gidc thodi mdi dé chiu
nén dwoc goi la lya sinh thdi. San phcfm Iua lam tir to sen rdt min mang, ém ai va ddac biét la su tinh
khiét ciia né ma khong mot loai to nao co thé cé duorc. Tuy nhién, do soi to sen nho va mong manh
nén tdt ca cdc cong doan tao ra soi to sen doi héi nguwoi tho phdi cé tinh ti mi va ban tay khéo léo.
Hién nay, chii yéu soi to sen dwoc san xudt thii cong, do dé nang sudt thdp, mot nguoi tho chiam
chi lam ciing chi lam dwoc khodng 250-300 cudng sen moi ngay; trong khi dé dét dwoc mét chiéc
khan quang phai can ti khodng 6000 cuéng sen. Trong bai bdo nay, nhém tac gia trinh bay két qua
nghién civu thiét ké quy trinh cong nghé ché tao lua tir soi to sen tai Viét Nam nham ndng cao ning
sudt va chdt lwong san pham lam tir lua to sen ddp iing dwoc nhu cau ngay cang lom cia thi truong
trong nuée va thé gidi.

Tiwr khoa: Cuéng sen; Soi to sen; Lua; Vai; Chat lwong.
ABSTRACT

In addition to silk produced from silk, silk produced from lotus silk is also a precious type of
silk, because it does not contain any chemicals, users of this silk have a comfortable feeling, so it is
called eco silk. Silk products made from lotus silk are very smooth, smooth and especially its purity
that no other silk can have. However, because the lotus silk thread is small and fragile, all the stages
of creating lotus thread require workers to be meticulous and skillful hands. Currently, mainly lotus
silk is produced by hand, so the productivity is low, even a hard worker can only make about 250-
300 lotus stalks per day. In this paper, the authors present the results of research and design of the
technological process of making silk from lotus silk in Vietnam to improve productivity and quality
of products made from lotus silk to meet the increasing demand of domestic and international
markets.

Keywords: Lotus peduncle; Lotus silk thread, Silk; Fabric, Quality.
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1. PAT VAN PE

Sen 1a mot loai cdy trong xuat hién tir
rat 1au doi. Hién nay, sen da c6 mit ¢ nhiéu
quéc gia trén thé gioi, dac biét la An Do, Trung
Quéc, Nhat Ban, Han Quéc, cac nudc PBong
Nam A, Nga va mét s6 nuéc chau Phi. O Trung
Quéc, sen duogc tréng & nhiéu noi, dic biét &
nhitng tinh c6 nhiéu ao, hd, kénh, rach. Dién
tich trong sen cua Trung Qudc trén 140.000
ha, nang suit sen binh quan 22,5 tan cu/nam,
tor nhitng nam 1990 san luong dat trén 3 tri¢u
tAn ci/nam. Mot sd nudc nhu Han Quéc, Nhat
Ban, Pai Loan, Uc cling san xuét hat sen va
cu sen. Tuy nhién, dién tich va san luong thap
nén phai nhap tir Trung Qudc gia hat sen tai
Hong Kong tir 1,5-2 USD/kg. O Viét Nam, sen
duoc trong tir Bic vao Nam nhung chu yéu tip
trung & ving dong bang séng Ciru Long nhu
cac tinh Pong Thap, Vinh Long, Kién Giang,
Tra Vinh, Can Tho... v6i khoang 5000 ha. Vi
sen la loai thyc vat thuy sinh lau ndm va dé
trong nén c6 thé phat trién trén ving dat nhidm
pheén, tdn dung dugc ph?m dién tich ao, ho ¢o
thé trong sen vi nudi ca, thu nhap tir viéc trong
sen ¢ thé gp 2 1an trong lta [1]. Piéu tha vi
1a tat ca cac bd phén cua cay sen déu duoc sir
dung lam thudc thao dugc thudc nhém an than
theo danh muc céc vi thudc. Dac biét 1a cuéng
sen dugc dung nhu mot loai nguyén liéu tiém
nang dé ché tao cac san phém tir to sen nhu dét
vai, lua... do san pham gan giii voi thién nhién
nén dam bao suc khoe cho nguoi su dung nhu
c6 thé diéu hoa than nhiét, chéng cac loai bénh
vé da liéu... Van dé dat ra la 1am thé nao dé
nang cao hon nira gia tri kinh té cling nhu chat
luong cac san pham tir bo phan cua cdy sen. Dé
dat duoc diéu nay, ngoai vi¢c chon cac giéng
sen ¢ chét lugng cao thi cac nha san xudt ciing
can phai quan tim dau tu cong nghé, dé dua
san pham dén nguoi tiéu dung khong nhiing &
thi trudng trong nude ma con xuat khau di cac

nuée trén thé gisi. Trong bai bio niy, nhom
tac gia di su vao viéc nghién ctru thiét ké quy
trinh cong nghé ché tao lua tir soi to sen tai Viét
Nam.

2. CO SO TINH TOAN THIET KE
2.1. Tinh chit ciia s¢i to sen

- To sen 1a mdt s¢i xenlulo va soi thuy
sinh tOt nhat.

- Sau khi dét thanh vai 1a loai vai mat,
thodng khi va tao cam giac thoai mai.

- To sen c6 tinh dan hoi tot.

- P6 1a soi chdng nhan.

- Hap thy ¢6 4m nhung rat nhanh kh.

- Soi to sen khong chira bat ky hoa chét
hay san phém doc hai nao nén no tao ra vai sinh
thai.

- Qué trinh san xuat thu coéng d& va
khong ton kém nhién liéu.

- Tt ca qua trinh trong cdy, thu hoach
san xudt vai déu dién ra trong khuon khé phat
trién bén ving.

2.2. Cau tao cuong sen

Sen 1a san phim canh tic cua ving
triing voi ba nhom chinh: Sen trong 14y hoa,
sen trong lay hat va sen trong 1ay cu. Trong do,
sen trong lay hoa, c¢6 san pham chinh 1 hoa sen
va dugc thu hoach ¢ dang hoa cung cap cho
nhu cau thi trudng trang tri trong nudc va xut
khau. V&i loai sen nay, hoa sen to dep nhung
c6 rat it hat va khong cho cu. Sen trong ldy cu
la loai sen duoc tré)ng dé thu hoach lfiy cu sen
1a chinh, loai sen nay tuy c6 hoa nhung rat it
hoa, hoa sen nho. Loai sen thir ba 14 sen trong
liy hat, day 1a loai sen truyén théng cta Viét
Nam vura ¢6 bong sen dep, vua cho thu hoach
hat. Vi giéng sen ndy, hoa sen c6 dai sen 1on
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va lugng hat nhidu. Tuy nhién, cac loai sen nay
c6 than hay con goi 13 cudng sen, canh sen déu
c6 dic diém gidng nhau d6 1a: Cudng c6 do
x6p, duong kinh bang khoang tir 10 dén 15mm;
chiéu cao thay doi tuy vao do tudi cia cay va
murc sdu cua nude; cudng sen nhd mém va xop
khi con non, cudng sen to ctng khi gia; thong
thudng, bén trong cudng sen ¢ ciu tao gdom rat
nhiéu 15, trong d6 ¢6 tir 5-6 15 chinh, m&i 16 c6
5-6 soi to, ngoai ra con rat nhiéu cac 16 nho vai
luong to trong cudng sen kha 16m.

Hinh 2.1. Cdu tao cuéng sen

2.3. Nguyén ly rut s¢i to sen

Sau khi thu hoach sen, phan 14 va bong
duoc loai bo, cuéng sen dugce dua vao so ché
lam sach cac tdp chat nham liy duoc to sen
trang tinh khiét khong nhiém khuén, cac cubng
sen dugc lya chon theo tiéu chudn mdi cudng
sen duoc loai bo hai diu con khoang 80-100cm
roi tién hanh chuén bi cho khau rat to sen. Dé
rit dugc to sen tir cudng sen, ngudi ta dung dao
sdc tién hanh cat xung quanh cudng c6 d sau
khoang 1mm vira t6i phan soi to, day 13 khau
rat quan trong néu cat sdu qua sé lam dut soi to
sen. Do soi to sen rat nho, mong manh nén cé
thé kéo tir 4-6 cuéng sen mot lic dé tao ra soi
to sen su khi xe ¢6 kich thudc 16n hon, soi to
sen sau khi dung tay xe tron lai phai dam bao
yéu cau cia quy trinh dét lua. Trong qua trinh

xe soi to sen c¢6 thé dung nudc dé giit 4m cho
sQ1 to sen, sau do6 cac soi to nay dugc mang di
phoi kho dé tién hanh gom thanh cac cudn phu
hop véi céc con thoi khi dét Iya.

3. XAY DUNG QUY TRiNH CONG NGHE
SAN XUAT LUA TU TO SEN

3.1. Quy trinh dét lua tir to' sen

Ngay nay, di c6 nhiéu doanh nghiép
nganh dét may va thoi trang quan tam dau tu
cho san pham dugc ché tao tir soi to sen. Tuy
nhién, dé dét duoc tdm lua tir to sen, toan bd
quy trinh san xuit déu duoc 1am thu cong, tir
viée bit dau tich to, kéo thanh soi va dét thanh
lua rat vt va va ton nhiéu thoi gian va cong
strc. Diéu nay ciing han ché sb luong vai duogc
san xuat.

a. Lay cuong sen

O Viét Nam, sen thuong phat trién va
sinh truong vao thang 5, thang 6. Pay la thoi
gian 1y tuong va thich hop dé thu hoach sen.
Sau khi sen dd dugc thu hoach, bo di phan 14 va
phan hoa, chi gitr lai phan cudng dé tién hanh
liy soi to. Phan cudng phai duoc rira sach dé
so1 to duoc tréng dep hon.

Hinh 2.2. Cudng sen
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b. Rut to sen

Day 1a cong doan khé nhat va ciing tén
nhiéu thoi gian nhat. Bé rat dugce soi to ra khoi
cubng sen, phai ding dao khira nhe xung quanh
cudng sen, tiép theo d6 s& dung tay vin cing
mét luc 5 dén 6 cuéng, sau do rat to ra khoi
cubng sen. Lam nhu vay, mdi cudng sen c6
thé thu duoc tir 20 dén 30 soi to, tiép theo dé
phan soi to 1én ban rdi dung ngon tay xe tron lai
thanh mot soi. Khi da c6 nhiing soi to day hon,
ngudi ta mang chung treo 1én dé phoi kho.

Hinh 2.3. To sen

Hinh 2.4. Vé tron cdc soi to sen

c. Dét vai

Sau khi da rat thanh cong cac soi to tur
cuong sen, ching dugc quay thanh tung ong

va moc 1én truc con thoi dé dét thanh lua. Moi
tam lua thuong dugc dét co chiéu rong khoang
60cm. Diém dic biét cta soi to sen do 1a trong
qua trinh dét, soi can duoc lam Am dé gilr mat.

Hinh 2.5. Cuén to sen

Hinh 2.6. Dét lya tir to sen

d. Nhu¢m vai

Lua sau khi dét xong s€ dugc dem di
nhudém. D& dam bao qua trinh san xut vai lua
to sen than thién véi moéi treong, mau nhudm
chi st dung mau nhudm ty nhién dugc lam tur
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vo cdy, canh hoa, 14 va qua. S¢i dugc nhudém
¢ dang cudn trong cac dung dich nhudém khac
nhau. Sau khi nhudm, vai va con sg¢i dugc phoi
ngoai ning.

Vai lua to sen 13 soi nho tu nhién dau
tién va dugc goi 1 loai vai lya sinh thai nhat
trén thé gidi. Vai lua nguyén chit dét tron duoc
khuyén dung cho 4o khoac, 40 mot manh va vay
vi n6 cimg va mém. Vai lya tinh khiét thoang
mat dugc khuyén dung cho khin quang ¢, vi
n6 dic biét thoang khi va nhe. Do tinh chat tén
nhiéu thoi gian cta quy trinh lam chi, soi nén
vai sen nguyén chat rat hiém va dat, gia ban 1é
1én t&i 400 USD/chiée. Vi Iy do nay, n6 thuong
duoc tron voi cotton hodc lua.

Hinh 2.7. Nhuom to sen
3.2. Xay dung md hinh thiét ké

Tir nguyén 1y rat soi to sen, c6 thé xay
dung mo6 hinh bd phén rut sg¢i to sen nhu so do
hinh 2.8.

DPé rat soi to sen mot cach tu dong,
cuéng sen phai dugc lua chon dat ti€u chuan
hinh dang, kich thudc, dong thoi ciing ding
mot ludi dao cat mot vong xung quanh cudng
tuong tu nhu khi thuc hi¢n rit to sen thu cong.
Tuy nhién, dao dugc gin trén thiét bj va co thé
diéu chinh duoc chiéu sau vét cét sao cho vira
bang véi chiéu sdu cua 16p vo bén ngoai cia
cubng sen, tranh cat vao soi to sen nam bén
trong cuéng sen.

Hinh 2.8. So' do nguyén Iy cdt xung quanh vo ciing
cuéng sen twoi

Pé thuan loi cho qué trinh rat sgi to
sen, dao cit duoc bd tri cach dau cuéng sen
khoang 40 mm, chiéu dai ludi dao duoc thiét
ké 16n hon chu vi ctia cudng sen dé c6 thé cit
hét xung quanh v6 ctng cudng sen, dong thoi
phai dam bao cudng sen ludn tiép xtc vi ludi
dao trong ving cat va khong xay ra hién tuong
truot twong dbi gitta dao véi cudng sen.

Dé dap ung duoc yéu cau nay, ludi dao
va bang tai dugc bo tri nhu hinh 2.9. Trong do,
& khu vuc ludi cit, cudng sen s& duoc ép ngugc
tor dudi én trén boi cac 10 xo dat phia dudi
bang tai voi mot lyc vira du, gitp cho cudng
sen s€ ty vao bé mat d3 duge tao nham cua gia
dd dao, 1am ting kha ning ma sat giita cudng
sen voi gia d& dao ciing nhu gitip cudng sen lan
déu trén bang tai ma khong xay ra hién tuong
trugt trong khu vuc cit.

Hinh 2.9. Khu vuc cat vo cung cuong sen tuoi
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Sau khi cit hét chu vi, cuéng sen duoc
bang tai ddy vao co cau kep, khi co céu kep
nhan du 04 cudng sen thi hé thong s& duogc
kich hoat co cdu dé kep chat hai dau, déng thoi
chuyén dong quay tinh tién sang hai bén nham
rit to sen ra khoi cudng sen. Trong qua trinh
rit soi to sen, dau duogc cat dai 4cm s& két thuc
trude, trude khi phan chiéu dai cit b loai bo co
cAu sé kep ¢ dinh, du con lai tiép tuc chuyén
dong hét hanh trinh cta bang may dé rat to sen
ra khoi cuéng sen. Két thuc mot hanh trinh,
chung ta sé c6 dugc sg¢i to sen co kich thude
theo yéu cau cua khau dét.

4. LAP QUY TRINH CONG NGHE CHE
TAO LUA TU TO SEN

T mo hinh thiét ké rat soi to sen, cd
thé xay dung quy trinh c6ng nghé ché tao lya tir
to sen nhu so d6 hinh 2.10.

s
|
e |

=

Hinh 2.10. Quy trinh céng nghé ché tao lua tir soi

to sen

5. KET LUAN

Pi xdy dung dugc mo hinh thiét ké
thiét bi rit to sen ty dong cong suat tir 500 dén
600 cudng sen moi ngay.

Lap dugc quy trinh cong nghé ché tao
lua tir sgi to sen giup giam chi phi nhan cong,
ting ning suat va chat luong san phim, mang
lai hiéu qua kinh té cao cho céc co s& san xuat,
g6p phan khong nho vao su phat trién nganh
may thoi trang trong nude va trén thé gisi. <
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TiINH TOAN THIET KE MAU CO' CAU BAO HIEM QUAN TiNH
S’ DUNG TRONG VU KHi CHONG TANG

DESIGNING INERTIA SWITCH SAMPLE OF ANTI-TANK WEAPONS

ThS. Tran Pinh Kién, TS. Phan Thé Son, TS. Nguyén Hanh Hoan
Vién Khoa hoc Cong nghé Quan su

TOM TAT

Co cdu bdo hiém qudn tinh (BHQT) trong vii khi chong ting dam bdo an toan trong bdo
quan vdn chuyén, tin cdy mo bdo hiém khi ban. Nguyén 1y hoat dong ciia né dya vao liec quadn tinh,
liee dan hoi ciia 16 xo. Bai bdo trinh bay phwong phdp tinh todn thiét ké co cau BHQOT theo mau cum
BHOT ciia dong co hanh trinh (PCHT) tén lira Fargot. Két qua tinh todn dwoc kiém chitng bang
thiee nghiém tir do cho ra mot cdch tinh todn c6 thé img dung trong ché thir vii khi.

T khéa: Liec qudn tinh; Luc dan hoi; P6 ciing; Qud tdi.
ABSTRACT

The inertia switch of anti-tank weapons is used for ensuring safety in storage, transportation
and reliably opening when firing. It’s operating principle is based on the inertia force and spring
force. This paper presents a method of designing an inertia switch, based on the design of inertia —
switch sample in the Fargot cruise engine. Calculation results were validated with experiments, so
the calculation method is able to be applied in the weapon manufacturing and testing procedure.

Keywords: Inertia force; Elastic force (spring force); Stiffness, Overload.

1. PAT VAN PE

Vi khi chéng ting dugc sir dung rong
rdi trong chién d4u, bao gém nhiéu loai nhu:
B72, B87, B89, Konkurs, Fargot,... P an toan
trong qué trinh van chuyén, tin cdy md bao
hiém khi ban duoc quyét dinh boi cac loai co
ciu bao hiém trong no.

Co céu bao hiém c6 nhiéu loai: quan
tinh, ly tm, khi dong luc, nhiét va thude chay,
dong luc khong khi. Trong d6, BHQT duogc st
dung rong rdi hon ca, dic biét d6i véi dan co

gia tdc doc truc 16n. Vi né hoat dong dya vao
luc quan tinh, lyc dan hdi cua 16 xo nén co tinh
6n dinh va do an toan cao. Ngoai ra, n6 c6 do
bén tbt, bao quan duoc 1au dai, kha nang kiém
tra gan nhu hoan toan cac chi tiét co ban nén dé
dang thay thé, stra chira.

Trong pham vi bai bao, nhom tac gia
trinh bay tinh toan thiét ké BHQT theo mau
BHQT DBCHT tén Itra Fargot. Kha nang lam
viéc cuia san phém duoc kiém tra bé“mg thuc
nghiém, phan tich va danh gia.
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2. TINH TOAN THIET KE BAO HIEM
QUAN TiNH

2.1. CAu tao va nguyén 1y hoat dong ciia
BHQT DCHT tén Iira Fargot

BHQT nam trén bo thu thude khdi didu
khién cta thiét bi didu khién trén khoang cta
tén lua [1]. Céu tao g@)m: than vo — ¢b dinh vai
tén lira va cum quan tinh (CQT) — chuyén dong
dugc tuong ddi v6i than vo (hinh 1).

Thin va =, ~ Cum qudn tinh

Hudmg chuvén dgng tén lira

Hinh 1. Bio hiém quan tinh.

Nguyén ly hoat dong: khi phong, gia
toc tén ltra (qua tai) tang, luc quan tinh day
CQT chuyén dong nguoc lai so véi hudng
chuyén dong tén lira (10 xo bi nén), cap ngudn
cho DCHT (mé bao hiém lan 1). Khi qua tai
giam, lyc 10 xo ddy CQT chuyén dong cing
huéng tén lira, cap ngudn cho dén pha (md bao
hiém 1an 2).

2.2. Tinh to4n thiét ké co cAu bao hiém theo
miu BHQT tén lira Fargot

Trén co sd nghién ctru phan tich BHQT
DCHT tén lra Fargot, bai toan dat ra 1a thiét ké
co cau BHQT dat dugc cac chi tiéu (bang 1) [1].

Bdng 1. Cac chi tiéu ky thudt cia BHQT DCHT
tén lira Fargot.

TT Tén goi Ky | Ponvi | Donvi
hi¢u | (m/s?) ®

1 Qua tai khi mé a 2440+100 | 248+10
bao hiém 14n 1

ml

2 | Quatdikhimdbdo | a 415+30 4243

o, N m2
hiém lan 2

CQT (trir 10 x0) va cac chi tiét khac
duoc ché tao dang theo chuin (kich thudc,
khéi lugng, vat li¢u, yéu cau ky thuat...) cua
san pham Fargot. O day, nhom tac gia trinh bay
tinh toan thiét ké ché tao chi tiét 16 xo.

Theo tai liéu [1], cac thong s 10 xo da
bict (bang 2).

Thong sb can tinh toan: ¢ — Hé s6 dan
hdi (46 ctng) 16 xo.

Céc lyc tac dung 1én CQT khi bén:

‘ Luc dan hoi: F o = CA;cladocimg, A la
chiéu dai 16 xo bi nén.

Luc qué}n tinh: F =ma; m1a khéi lugng
CQT, a la gia toc tén lua.

Luc ma sat doc truc: Fms gém cac luc
sinh ra do cac tiép diém duoc kep vao CQT,
ma sat trong noi bd CQT,... Dé don gian, ta gia
thiét F_ lu6n la mot dai lugng khong d6i trong
qué trinh chuyén dong ciia CQT.

Luc ma satly tim: F_ gay ra do bi cau
lam CQT bi 1éch tam (bd qua).

Bdng 2. Céc théng so ciia 6 xo.

A Ky | Donvi
Tén hiéu | (mm)
Chiéu dai 10 xo0 & trang thai tu do h, 28+0,1
Chiéu dai 1o xo khl lap trong cum h 18.640.1
quan tinh !
Chiéu da.1A10 X0 khrl. nén cac vong h 10£0.5
tiép xuc voi nhau d
Chiéu dai 1o x0 khi bao hiem md h 1440,1
lan 1 ki
Chiéu dai 1o X0 khi bao hiém mé h 2120,1
lan 2 k2
Puong kinh day 10 xo d, 0,5
Puong kinh ngoai 10 xo0 & trang D 4402
thai tu do ng
Puong kinh trong 10 xo & trang
théi tu do D, 3-0,2
Tdng sb vong 10 xo n 20+£1

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
238 TAP CHI CO KHI VIET NAM, S6 306, thang 8 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Khéi lugng CQT: m = 5,6 £ 0,05 (), [1].

Fanr
Fri =

Aty Sfugelne g COT

Hinh 2. Cac lyc tac dung lén COT khi gia toc tén
lita tang den mo bdo hiém lan 1.

Faz

Hredrg chiunedn sy CT

Hinh 3. Cdc lye tac dung lén COT khi gia toc tén
lira giam dén mé bdo hiém lan 2.

Khi qua tai ting dén a_, (hinh 2), 10 xo0
binén: A =h —h, .

Tac6:F, =F, -F haych =ma -F (1)

ml

Khi qua tai giam dén a_, (hinh 3), 16 xo
binén: A =h - h_.
Ta c6: F .

m2 - Ftl2 T Fms hay C}\'mZ =ma_ ,+ Fms (2)

m2

Tu (1) va(2):c(r_+*A_)=m(a_ +a_ )

Iy MGy +amz) (3)
(Am1+Amz)

Ta duoc: ¢ = (0,7 + 0,8) (n%l);
F =257 (N).

2.3. Diéu kién an toan khi roi cia co cau

Ta xét truong hop tén Itra roi tur do cao
H (roi thang duoi).

Luc can cua 16 xo (khi mé bao hiém lan

1): F, =ch

dhm1
bong nang CQT khi dan roi tir d6 cao
H: P =mV,. = m/2gH.

Lyc quan tinh:

f—(1+ﬁ)——m(1+ﬁ)—

D6 an toan cua co cau duge bao dam
néwF <F, +F 4)

Pé do an toan dugc dam bao hon, ta bo
quaF_ vachonF & di€u kign nho nhat (dé
cung nho nhat, o nén mé bao hiém nho nhat):

V
= Cmin: A-ml min

m(l + ﬁ) ﬂ < Cmin'ﬂﬂml min < m(l + ﬁ) gH

17L‘ 17L‘

— (L'mnfr::ia';;ntuc)z 1 (5)

d
th = Fdhmlmm A m(l + ﬁ)

< Cmin'ﬂml min
Cmin-Am1 mintve 2 1
H= ( m(1+8) )
Cac s0 liéu tinh toan duoc chi ra trong
(bang 3).

Bang 3. Cdc théng sé khi tinh todn an todn.

R Ky Do lon
T Ten higu | (don vi)
Hé s6 dan hoi nho
1 nhat cta 10 xo c.. | 0,7(N/mm)
bao hiém
D6 nén nho nhat
2 cua 10 xo khi mo | 13,8(mm)
bao hiém
Thoi gian va cham
3 khi roi xudng t. 0,01(s)
nén gang
Hé sb phuc hoi tde
4 | d0 khi va cham voéi B 0,55
nén gang
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Ta duogc:
g 07138 102 _ 6310m)
max = G e T03(1 1 0,55)) ‘2981 >Srlm
biéu kién an toan 1a H > H . Nhu

vay, khi tén ltra ddm bdo an toan khi roi tir do
cao (3+5)m (roi thang dudi xuong nén gang).

2.4. Dieu kién mé bao hiém cua co cau

biéu kién mé bao hiém dugc dam bao

khi:
av
Fdhm1<mE_Fm5_Fmslt (6)
Do khong biét thoi diém mo béo hiém
nén khong thé biét gia tri cu thé cua . bé

tién 101 cho tinh toan, nguoi ta thuong lay av
dt

bang( ) Vaduathemhésédutruy( N

—9800(m/s2),[1],y (0,65+0,72), [2].

dv
Fdhml max = Ym(E)max - Fms - Fmslt (7)

Khi dan trong nong, c6 thé bo qua anh

hudng cua lyc ma sat do lyc ly tam F__ . Tién

hanh kiém ra d tin cidy mé bao hiém theo diéu
kién:

dv
Fdhml max = ym(a)max - Fms (8)
Ta co:

Fanm1 max = Emax-A o= 08142 = 11,36(N),

N av av
Va: Ym(Ejmax oL Yminm(Ejmax Bl

ymmm(%)max — Frs max = 0,65.5,6.1072.9800 — 2,7 = 33(N).

Nhén thiy (8) luén ding, d6 md bao
hiém khi ban duoc dam bao.

3. PANH GIA KET QUA TiNH TOAN
THIET KE

Phuong phap danh gia: Ché thir va kiém
tra cac chi ti€u ky thuat cia BHQT.

Phuong phap kiém tra: Thiét bi kiém

tra “Thiét bi ly tdm cao tdc khi nén”, ky hi¢u:
LTKN - 01.

.

[
i

True queay Hardf by kst bra LLF)

Hinh 4. So do kiém tra cdc qud tdi.

Phuong phap: Dé kiém tra cac chi tiéu
qua tai BHQT, ta st dung phuong phap quay
ly tim bang thiét bi kiém tra (hinh 4). BHQT
va d0 ga dugc gin cb dinh 1én truc quay cua
thiét bi kiém tra. Khoang cach tir tim CQT
(vi trf ban dau) dén tam truc quay cta thiét b
kiém tra 1a R. Khi thiét bi kiém tra quay tang tir
0 +vy) (p ) BHQT mé bao hiém lan 1, 16 xo
nén thém mot doan o . Sau do, khi thiét bi kiém

tra quay gidm tur (vy = v,) ( ) BHQT mé bao
hiém 1an 2, 10 xo gidn thém mot doan a,.

Qua tai khi m¢ bao hiém lan 1:

2 2
am1 = ©1.Ry = (vziﬂ) (R+a) )

Qua tai khi m¢ bdo hiém lan 2:

2 2m)2
Amz = 0 2.Ry = (vzeoﬂ) .(R— 9-’2) (10)
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Bdng 4. Cdc s6 liéu trong kiém tra.

Ky hiéu R

Pon vi (mm) 51,3+0,5

4,6+0,05 2,4+0,05

Badng 5. Két qua thir nghiém qud tai BHOT.

Lan thir Mau v, (v/ph) | v, (v/ph) | a_ (m/s?) a_ (g) a_, (m/s?) a_ (g
1 1 1950 880 2328 237 415 42
2 1 1980 870 2400 245 405 41
3 2 2040 900 2548 260 434 44
4 2 2000 890 2440 248 424 43
5 3 2070 900 2613 266 434 44
6 3 1990 910 2415 246 443 45

Panh gia: Bang phuong phap kiém tra
nhu trén, ta nhan thiy cac két qua thir nghiém
thoa man cac thong s chi tiéu k¥ thuét co ban
cua cum BHQT (bang 1).

4. KET LUAN

Két qua tinh toan va thyc nghiém trén
cho thay ta da budc dau lam chu thiét ké va che
tao BHQT theo mau bao hiém tén Itra Fargot.

M¢ rong phuong phap tinh toan va
thuc nghiém trong bai bao nay c6 thé ap dung
dé tinh toan thiét ké bang cach lua chon cic
thong s6 cua co cau (lyc 1o xo, khoang cach
dich chuyén 10 xo khi dong mé bao hiém, khoi
lugng cum quan tinh) phu hgp cho cac loai dan
khac nhau.

Ngay nhan bai: 25/5/2023
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MO PHONG VET NUT VA SU’ LAN TRUYEN VET NU'T TREN DAM
POI VOI DAM KIM LOAI CHIY | TREN KET CAU MAY BAY

SIMULATING OF CRACK PROPAGATION FOR I-BEAM METAL ON AIRCRAFT
STRUCTURES

Lé Thi Tuyét Nhung
Pai hoc Bach khoa Ha Noi

TOM TAT

Cdc dang két cau khung dam chiv I dang dwoc sir dung ngay cang nhiéu va tré nén quan
trong trong cdc vmg dung trong cudc song nhir cau dwong, cdc cong trinh xdy dung, cdc hé thong
khung gam ciia 6 t6, cdc thanh gia cwong trén vé mdy bay. Nhitng két cau nay c6 khd néing chiu uon
quanh truc 16t va cdc luc kéo nén phu hop. Dam chir I dwoc sir dung trong cau tric thanh doc cia
két cdu canh mdy bay, dam nay chiu tdi trong la mé-men uén va liwc doc truc. Nghién civu mé phong
vét nirt ciia dam chit I lam bang thép C.0562 khi chiu tac dong ciia cdc diéu kién tai khdc nhau, sir
dung ludt méi Paris dé xdac dinh téc do tang truéng vét nirt trung binh theo tirng chu ky tdi bang
cach sir dung phirong phap XFEM (eXtended Finite Element Method) dé mé ta theo déi hanh vi lan
truyén vét nirt. Tir két qua mé phong d6 cé thé c6 cac khuyén nghi toi wu két cau cho nha san xudt.

Tir khéa: Dam chir I; Hé s6 tdp trung cuong do ung suat; Tudi tho, Ludt Paris.
ABSTRACT

Types of I-beam frame structures are being used more and more and have become important
in daily life applications such as bridges and roads, construction projects, car chassis systems,
reinforcing bars, etc. on the fuselage. These structures have good axial bending resistance and
suitable compressive forces. An I-beam is used in the longitudinal bar structure of the aircraft
wing structure; this beam is loaded with bending moment and axial force. Study on the simulation
of cracking of an I-beam made of C.0562 steel when subjected to axial force at different loading
conditions. Use the Paris fatigue law to determine the average crack growth rate for each
load cycle using the XFEM (extended finite element method) method to characterize the crack
propagation behavior. From the simulation results, it is possible to make structural optimization

recommendations for the manufacturer.

Keywords: I-beam,; Mode I stress intensity factor; Working life; Paris law.
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1. TONG QUAN

Nhiéu nha nghién ctru di dé cap dén
viéc xac dinh hé sé cuong do (mg suét cua cac
phan tir két cAu c6 vét niit. Hé s6 cuong do tmg
suat dbi véi dam c6 tiét dién chit nhat, chira vét
nut, duoc xac dinh béi Kienzler va Hermann
[1], str dung dinh luat bdo toan nang lugng va
ly thuyét dim co ban. Phuong phap cta ho da
dugc M.L. Dunn va cong su [2] khai thac dé
xéc dinh hé s6 cuong d6 ung suat cho cac didu
kién tai trong khac nhau trén dam chit I chiu mo
men uén. Hé s cuong do tng suét 1a mot ham
ctia hinh dang mit cit ngang va chiéu dai vét
nat va duge J. M. Djokoviéa sir dung dé danh
gi4 tudi tho ctia chi tiét dam chit I khi c6 vét nirt
theo luat méi Paris [3]. St dung phuong phéap
tuong tu, Grbovi¢ va cong su [4] da xac dinh
hé sé cuong d6 Gmg suat cho cac dam chir I
duogc str dung trong cac loai may bay hang nhe,
nghlen ciru du:ong di cta vét nit va tudi tho cua
chi tiét khi c6 vét niit lan truyén trong no.

Trong bai béo nay, nghién ciru bang
phuong phap sb vé cac lan truyén vét nirt c6 thé
xay ra trong dam canh chiu tai dwoc trinh bay.
Dam chit I str dung trong két cdu canh cta may
bay hang nhe UTVA 75 trong nghién ctru cia
Grbovié [4] dugc st dung dé md phong kiém
chung phuong phap st dung XFEM tinh toan
hé s6 cuong do tap trung ing suét. Sau do, mot
s0 phan tich vé anh huong ctia vi tri vét niit ban
dau dén hé s6 cuong do tap trung ing suat dugc
dua ra.

2.COSOLY THUYET
2.1. Hé s6 cwong dd tip trung ting suit
Xem xét mot vét nirt & mode I c6 do dai

2a trong mot tAm rong vo han, K, 1a h¢ s6 tap
trung cuong do ung suat, vat mau ¢ trang thai

mode 1. Ca ving tmg sudt ¢ dau vét nit duge
xac dinh khi hé s6 tap trung tmg suat duoc tim
ra. D6i v6i hinh hoc co ban do, hé sd K, duoc
tinh theo cong thuc giai tich phu thude va tng
sudt danh nghia o va kich thudc vét nirt a:

K, = ovma

Hinh 1. Vét nitt trén tam dam chit I Djokovié [3]

Ddi v6i dam chira vét nit, chiu moé-men
uon M va luc doc N, duogc trinh bay trén Hinh
1, Djokovi¢ va dong nghi¢p [4] su dung su
chong chép cua hé so cuong do tap trung Gng
suat do lyc N va mé-men M gay ra:

K =K, (M) +K (N) (PT1)
2.2. Sw lan truyén vét niet va tudi tho 1am
viéc cua vat liéu

Su phat trién cta vét nit duoc xac dinh
bﬁng hé sb tap trung cuong do ung suét. Su
tang truong ctia vét nit khong 6n dinh khi hé
sO tap trung cuorng do ung sudt K, ¢6 gia tri
16n hon do bén pha hity K. cua Vat liéu duogc
xac dinh bang thuc nghlem Phuong trinh tang
truong vét nit cho mbi quan hé giita do ting
dd dai vét nit Aa va chu ky tai AN cua luat moi
Paris duogc biéu dién:

— =C.(AK)™

- (PT2)

Trong d6, C va m 1 cac thong s vat
li¢u, da la chiéu dai vét nut thay doi trong
khoang ttr gia tri ban dau téi gia tri to1 han, N 1a
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s0 chuky tai, AK =K _ —K . 1a su chénh léch
gifra gia tri cuong d) Urng suat tai tai toi da va
ti thiéu. Tur do, tudi tho lam viéc con lai cua
dam chit I dugc biéu dién:

N — J"CI',L-T da

aj c.(ag)m (PT3)

Trong do, a 1a chi€u dai vet nirt ban dau,
a_ la chiéu dai vét nut toi han.

3. MO PHONG SU LAN TRUYEN VET
NUT POI VOI DAM CHU'I

3.1. Théong s ciia mdé hinh XFEM

Pé xac dinh chinh x4c va hiéu qua hé
sd tap trung cudng do ung sudt trén dam chir
I, mé hinh dugc st dung mé phong sé bang
cach sir dung phan mém Abaqus/XFEM. Mo
hinh bao gém dam chix I 1am tur vat liéu thép
C.0562, c6 chiéu dai L = 2m, chiéu cao H =
0.2m, chiéu rong W = 0.1m va d6 day 14 0.01m
va kich thuge vét nit dac biét tai tung truong
hopa=0.1H,a=0.2H,a=0.3H,a=04H,a=
0.5H, a=0.6H.

Hinh 2. a) M6 hinh dam chit I chira vét nirt, b) Tdi
tac dung 1én dam

Vit liéu st dung cho mé phong thép
C0562 mo phong theo tiéu chuan phé hity cua
két cu 1a sir dung cac thong vat li¢u tuyén tinh.
Cac thong s6 co hoc cua vat liéu su dung la
khéi lugng riéng 7850 kg/m?, mo-dun dan hoi
210 GPa, hé s Poisson 0.3. V& mat chia ludi
phan tir hitu han, chia luéi theo dang dong nhat
bao gém céac phan tir 4 nut (S4R). Tiét dién cua
mdi 6 vudng clia tim vo bang 5 va dam cé 560
phan tir. Diéu kién bién cta bai toan 1a tai dat
tai hai mat ddi dién ctia dam chit I, véi tai xét
dat vao la 20kN (Hinh 1b).

3.2. Kiém chirng d9 chinh xac ciia mé hinh &
mure tai 20kN

Két qua trén hinh 2 va 3 cho thy trang
thai ung suat Von Mises ciing nhu trang thai
phan tir vét nit XFEM, nhiing phan tir vuot
qua tiéu chudn nirt cho phép, XFEM sé tu loai
ra khoi két cau, tir 46 cho phép hién thi su lan
truyén nt.

Tai trudng hop vét niit a = 0.1H, ta thu
du’cyc gia triﬂKI =0.37.10" N/m*? =37 MPa.m'?.
Két qua kiém ching voi gia tri tap trung ung
suat ctia Djokovi¢ [3] trong truong hop tuong
tur cho sai s6 3% (K, = 0.36 N/m*?) chtmg minh
do tin cdy cua vi¢c thiét 1ap mo hinh tinh toan
XFEM cua nghién ctru.

Hinh 3. Két qua irng sudt trén dam chit I tai vét
nuta=01H
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Hinh 4. Két qua trang thdi cdc phan tir XSFEM

3.3. Khio sit anh hwéng caa ti 1& vét nit
trén chiéu cao ciua dam

V6i cac truong hop d6 dai vét nut thay
doi tr a = 0.025H, a = 0.05H, a = 0.2H, a =
0.3H, a = 0.4H, a = 0.5H, dén gia tri cudi cung
a = 0.6H mo phong tuong tu truong hop a =
0.1H, ta c6 bang gia tri K, sau:

T Wb kel e vl nd wlin chidy cas (o

Hinh 5. Po thi phu thugc cua K, theo ty ¢ kich
thuoc vet nut so voi chiéu cao dam

Két qua trén hinh 4 cho thdy sy ting
trudng cua vét nut phu thudc theo hé ) tap
trung cudng do Gmg sudt. Gia tri hé sb tap trung
cuong do ung suat ting nhanh khi dat kich
thude vét nirt di 16m, tai d6 thi 1a vi tri vét niit a
=0.3H, K, = 4.4x107N/m*?. Trong khoang tir a
=0 dén a = 0.3H, gia tri h¢ so0 tap trung cuong
do tng suit ting cham, dic biét 1a khoang tur
a = 0.1H dén a = 0.3H. Sau khi vét ntt phat
trién qua 0.3H thi d6 bén du trong chi tiét giam
nhanh din dén do dbc 16n cua dudng do thi dén
kich thudce a = 0.6H.

4. KET LUAN

Trong nghién ctru nay, phuong phap st
dung phan tir XFEM di duoc tng dung trong
xét tinh lan truyén vét nit. Nghién ciru chi ra
phuong phép la dang tin cdy khi dugc so sanh
v6i két qua nghién cu’u ctia Djokoviéa [3]. Két
qua md phong hé sd tip trung cuong do ung
suat dang pha hay I so véi nghién ctu cua
Djokovica [3] chénh I¢ch dudi 3%. Tur do khai
thac phuong phap dung phan tir XFEM dé danh
gi4 anh huong cua do dai vét niit ban dau cho
sy lan truyén vét nit dugce danh gia, d6 thi phu
thudc cua K, theo ty 1€ chiéu cao vét nut trén
chiéu cao dam dugc dua ra dé 1am co s¢ cho
tinh toan tudi tho mai cua chi tiét theo cac luat
moi khac nhau. Viéc danh gia chinh xéac h¢ )
cudng do tap trung tng suat dong vai tro quan
trong trong viéc tinh toan ra tudi tho méi cua
chi tiét. Day ciing 1a huéng phat trién tiép theo
khi xét anh hudng ciia cac tiéu chuan moi khac
nhau nhu Paris hay Wheeler dé c6 thé dua ra
tudi tho moi. <
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KIEM PINH GIA THUYET THONG KE CO THAM SO, MOT MAU
TRONG DANH GIA PO TIN CAY CUA PHUONG TIEN BUONG SAT

PARAMETRIC HYPOTHESIS TESTS BASED ON A SINGLE SAMPLE IN RAILWAY
VEHICLE RELIABILITY ASSESSMENT

ThS. Nguyén Pirc Toan, GS,TS. Pd Pikc Tuéin
Truong Dai hoc Giao thong Van tai

TOM TAT

Trong qud trinh ddnh gid dé tin cdy, cdc déc trung ciia mau, ngodi viéc sir dung dé woc
lirong cdc dic trung ciia tong thé, con dwoc ding dé danh gid xem mot gid thuyét nao dé cia tong
thé la diing hay sai. Bai todn kiém dinh gid thuyét thong ké la mét bai todn I6n va quan trong ciia
théng ké toan hoc, dwge g dung rong rdi trong nhiéu linh vuc. Tuy nhién, viéc tmg dung cdc
phirong phép nay trong déanh gia d@é tin cdy cia cdc doi twong co khi néi chung va phwong tién
duwong sdt néi riéng cho tirng trieong hop cu thé, con it dwoc dé cdp.

Trén co sé Iy thuyét phirong phap kiém dinh gia thuyét thong ké c6 tham s6, mot mau da tién
hanh xdy dung cdc chwong trinh tinh todn twong iing va vmg dung cdc phwong phdp dé cho mét sé
bai todn cu thé trong qud trinh dénh gia dé tin cdy ciia phwong tién dwong sdt.

Tw khéa: Kiém dinh gia thuyét; Mot mau,; Pdanh gia dé tin cdy; Phuwong tién dwong sdt;
Chuwong trinh tinh todn.

ABSTRACT

In reliability assessment, sample characteristics are used not only to estimate population
characteristics but also to evaluate whether a certain hypothesis of the population is true or false.
Statistical hypothesis tests are major problems of mathematical statistics, widely applied in many
fields. Nevertheless, the application of these methods to assess mechanical object reliability in
general and railway vehicles in particular for specific cases has been less studied.

Based on the theory of parametric statistical hypothesis testing methods with a single sample,
the corresponding calculation programs have been built and the methods have been applied to solve
several specific problems in the railway vehicle reliability assessment.

Keywords: Hypothesis testing, Single sample; Reliability assessment;, Railway vehicle;
Calculation program.
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1. PAT VAN PE

Ttr nhiéu ngudn tai liéu khac nhau [1-8],
ta thdy rang co hai loai gia thuyét thong ké, do
1a gia thuyét thong ké c6 tham sd va gia thuyét
thong ké phi tham sé. Kiém dinh gia thuyét
théng ké tham s6 dugc phan ra: kiém dinh gia
thuyét mot mau va kiém dinh gia thuyét hai
mau. Mit khéc, trong mdi phép kiém dinh lai
phan ra: kiém dinh mot phia (phia trai hodc
phia phal) va kiém dinh hai ph1a So do tong
quat vé kiém dinh gia thuyét thong ké tham s
duoc thé hién trén cac hinh 1 va 2.

Trong bai bao nay chi gidi thiéu mot s6

phuong phap kiém dinh gia thuyét théng ké co
tham s0, mot mau.

Kiém dinh gia lhuyél mét miu

g . Kiém dinh gia
Kiém dinh gia g

thuyct ve trung
binh tong the co

Kiém dinh gia
thuyét vé ty 18
ciia tong thé
v6i mau Ion

thuyét ve
phuong sai tong
thé ¢6 phan bo

phén bo chuan i
chuan

Khéng biét phuong sai (¢)
cua tong the

Biét phuong sai (67)
cua tong thé

[Méu nhé 7 < 30] [Mfm lonn > 30]

Hinh 1. So dé tong qudt vé kiém dinh gia thuyét
mot mau

6
phén bé chuin

phin b6 chuin ‘ 16n. ddc lap

Hai miu
theo ciip

doc lip

¢ ¥

Biét (p rong sai (0°) Kl‘a.ugbiélph5.(yng>gi @)
a hai tong the cua hai tong thé

[Méu nho 1 < 30] [Méu Ién =30 }

Hinh 2. So' do tong quat vé kiém dinh gid thuyét
hai mdu

2. CO SO LY THUYET VE KIEM DINH
GIA THUYET THONG KE CO THAM SO,
MOT MAU

2.1. Kiém dinh gia thuyét vé trung binh tong
thé c¢6 phan bo chuan

2.1.1. Khi biét phwong sai 6° ciia tong thé

Khi mét mau ngau nhién gdm n phan
tr tir mot tong thé c6 phan bd chuan véi trung
binh p va do I¢ch chuén 13 o, con trung binh
cia miu 13 X, thi khi kiém dinh & mc ¥ nghia
0, c6 cac trudong hop kiém dinh nhu sau.

Quy trinh téng quat cta kiém dinh:

1) Nhan dinh tinh hinh cta tham ) téng
thé muon lam ki€ém dinh.

2) bat gia thuyet “khong H, va g1a
thuyét doi (ddi thuyét) H, v€ tham ) tong the,
tuy theo nhan dinh & buoc 1 ma dit gia thuyét
mot phia hodc gia thuyét hai phia:

. JHy
- Phia phai:

H.

¢ f

-Phlatral:{

Hy:p=p,

H,:p# p,

3) Xac dinh mirc y nghia (hay sai 1am
loai 1) cua bai toan kiém dinh 1a a.

- Hai phia:{

4) Tinh toan gié tri kiém dinh theo cong
thure:

7 :M’ (1)

1t O'/\/;
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5) Xem xét bac bo gia thuyét H,

- Kiém dinh phia phai: Z > Z ;

- Kif‘;m dinh phia trdi: Z <-Z ;

- Kiém dinh hai phia: Z > Z_ hoac Z,
< _Za/Z'

Trong do:

i — Trung binh ciia tong thé;

u, — Trung biqnh cua tér}g thﬁft tuong g
vo1 mot gid tri cy theé nao do can kiém dinh véi
gia thuyét H;

¥ — Trung binh ctia mau;

6 — D06 léch chuan cia tong thé;

n— S6 luong mau (kich thudc mau);

Z,— Gia tri ham phéan bb chuan chuan

hoéa tinh toan;
Z — Gia tri ham phﬁn 136 chuan chuan
hoéa & muc y nghia (xac suat nham loai 1) 1a o
Z,,— Gia tri ham phén b(‘)‘chuén chuén
héa & mic y nghia (xac suat nham loai 1) la
a/2.

Céc gia tri Z va Z , dugc xac dinh
thong qua tra bang phan bo chuan chuan hoa
lan lugt theo cac gié tri cia a va o/2.

6) Két luan vé bai toan kiém dinh

Céac truong hop kiém dinh dugc thé
hién trong bang 1 [1-8].

Bdng 1. Cdc trwong hop kiém dinh gia thuyét vé trung binh tong thé
6 phén bé chuan khi biét phwong sai ciia tong thé

Dang kiém dinh

TT Noi dung 1 2 3
Phia phai Phia trai Hai phia
. Hy:u<p, Hy:pzp, Hy:u=u,
1 Dit gia thuyét { ‘
e Y Hy >, Hy:p <, Hy
2 . X — 1y X = My X — Hy
2 Kiém dinh Z,=—F Z = 7 ==
: tt o / \/; 1t o / \/; tt o / \/;
3 Quyetl-clhlﬁilpac b0 Zy>Z, Z,<~Z, Zu>Zun hodc
0 ' Ztt < _Za/z
4 Mién béc bo H, W, =(Z,:+) W, =(-=-Z,) W, = (o052, ) (2, i +0)
X al2 al2
5 | Biéu do minh hoa ! | ‘ l ,
} zla Iy b 2 I rza/z : Zan 1
0 BacboHo | Bacbo Ho Béc bo Ho Béc bo Ho
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2.1.2. Khi khéng biét phwong sai 6 ciia tong thé

Khi mot mau ngau nhién gém n phan tir tir mot téng thé c6 phan bd chuan véi trung binh p,
néu trung binh va do¢ léch chuin cua mau lan luot 13 X va s, va kiém dinh & mirc y nghia a thi cé
cac truong hop kiém dinh nhu sau.

a. Khi ¢ miu 16n n > 30

Van sir dung cong thiic Z (1) nhung thay d¢ Iéch chuan tong thé o bang d6 léch chudn cua
mau s [1-8] (bang 2).

Bdng 2. Cdc trwong hop kiém dinh gid thuyét vé trung binh tong thé c¢é phdan bé chudn khi khong biét
phiong sai ciia tong thé, ¢& mau lén

Dang kiém dinh
TT N¢i dung 1 2 3
Phia phai Phia trai Hai phia
) , Hy:usu H,:uzypu H,:u=yu
1 Dit gia thuyét ’ ’ ’ ’ ’ ‘
H :pu>p, H :u<y, H :u+u,
, X-
2 Kiém dinh zZ,=""10
s/n
A, ge . ) Z.>7 3
3 Quyét dinh }oac bo Z,>7., Z,<-Z,, # ~ “ai2 hodc
H, khi Zy <=Ly

b. Khi ¢& miu nhé n < 30

Str dung bién ngdu nhién t voi (n — 1) bac ty do thay cho bién ngiu nhién Z, dong thoi, thay
d6 1éch chudn tong thé o bang do l1éch chuan mau s. Cac gi tri t,vat . duocxac dinh thong
qua tra bang phan bd Student theo bac tw do n — 1 va 1an luot cac gia trj cia a va o/2 [1-8] (bang 3). &
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Badng 3. Cac tru’ong hop kiém dinh gid thuyét vé trung binh tong thé
6 phén bo chuan khi khéng biét phwong sai ciia tong thé, & mau nho

Dang kiém dinh
TT Noi dung 1 2 3
Phia phai Phia trai Hai phia
. H,: u< Hy:u> H,:u=yu
1 Pit gia thuyét { 0o-HSHy { 0o M= Hy 0 0
H, :u>u, H, :pu< oy, H :u+py,
.2 . X —
2 Kiém dinh —
' s/~\n
A . I 5 l‘ > t -
3 Quyét dinh }oac bo t, >t t, <t . « =~ o102 hodc
H, khi ’ ’ by <=l yan

2.2. Kiém dinh gia thuyét vé ty 1¢ ciia tong
thé véi mau 16n

Trong thyc té, ¢o nhting luc can kiém
dinh gia thuyét vé ty 1¢ p nao do6 ctia cac phan
tir trong mot tong thé. Mot mau ngiu nhién c6
thé dugc chon tir tong thé. Gia st khi ¢& mau
da 1on (ca np va n(1-p)=5), phan b cua ty
1¢ mau Xap xi phan b6 chuén, khi d6 dé thuc
hién kiém dinh nhdm danh gia muc do khac
biét giita ty 16 mau p va ty 1é tong thé duogc
gia thuyét 1 p,, tién hanh tinh toan gié tri kiém
dinh theo cong thtrc:

pP—Pp
Ztt =l (2a)
p(1-p)
n
Trong do:

p— Ty 1é cuia tong thé;

p — Ty 1é ciia mau;

p,— Gid tri cu thé nao do ctia ty 18 p can
kiém dinh.

Vi la gia dinh p = p, nén dung p, thay
thé Vao mau s6 cia cong thirc nhu mot cach
tinh x4p xi:

7 = P~ P , (2b)

Quyet dinh bac bo hay khong bac bo H
theo quy tic:

+ V6i kiém dinh phia phai: Bac bo H,
khiZ >Z ;

+ Véi kiém dinh phia trdi: Bac bo H,
khiZ <-Z;

+ Vi kiém dinh hai phia: Bac bo H, khi
7Z>27,hoacZ<-7Z ,

Céc dang kiém dinh gia thuyét vé ty 1¢
ctia tong thé v6i mau 16n duge cho trong bang
411-8].
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Bdng 4. Cdc trwong hop kiém dinh gia thuyét vé ty 1é cia tong thé véi mau lom

Dang kiém dinh
TT Néi dung 1 2 3

Phia phai Phia trai Hai phia

H,:p>p, H:p<p H,:p# p,
2 Kiém dinh z - P-p,

Pc(l_pc)fn
3 | Quyét dinh bac Zn = Zg Zy < —Zy Z, >Z,, hodc
bo Hp khi
Zﬂ < _Za:.-'l

2.3. Kiém dinh gia thuyét vé phwong sai ciia tong thé cé6 phan bd chuin

Khi mot mau ngiu nhién véi n phan tir duge quan sat tir mot tong thé c6 phan bd chuan véi
phuong sai 62, néu phuong sai mau 1 s, o, lamot gia tri cu thé nao d6 ctia phuwong sai can kiém dinh
& muc y nghia a. Céc gid tri ;. Zj—l,l—a s XiaanVd i, duoc xdc dinh thong qua tra bing
phan b khi binh phuong ( x?) theo bac tw do n — 1 va lan lugt cac gid tri o, 1 —a, 0/2 va 1 — a/2.

Cac truong hop kiém dinh dugc thé hién trong bang 5 [1-8].

Bdng 5. Cdc trwong hop kiém dinh gid thuyét vé phwong sai ciia tong thé ¢é phin bé chuan

Dang kiém dinh
TT Noi dung 1 2 3
Phia phai Phia trai Hai phia

1 Gia thuyét H,:c’ <o} H,:c’ >0, H,.c’ =0,

{Hl:ﬁ}cr,f {HI:JE{GE {HIZGEQECFE}
2 Kiem dinh o (n—]}f

T
3 | Quyétdimhbac | 7. 2 Ti <Todra | %> Zraa0O8 zo<zny s
b6 Ho khi | |
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3. KIEM PINH GIA THUYET THONG KE
TRONG PANH GIA PQ TIN CAY CUA
PHUONG TIEN PUONG SAT

3.1. Xay dung cac chwong trinh tinh toan

Trén co s 1y thuyét trinh bay trong muc
2, bang ngdn ngir 1ap trinh Java, da xay dung
duoc 05 chuong trinh tinh toan twong Gng sau
day.

1) Chuong trinh kiém dinh gia thuyét
ve trung binh tong thé c6 phan bo chuan khi
bict phuong sai 6? cua tong thé.

2) Chuong trinh kiém dinh gia thuyét
vé trung binh tong thé c6 phan bd chuan khi
khong biét phuong sai 6 clia tong thé, mau 16n
n > 30.

3) Chuong trinh kiém dinh gia thuyét
vé trung binh tong thé c6 phan bd chuan khi
khong biét phuong sai 6 ctia tong thé, mau nho
n < 30.

4) Chuong trinh kiém dinh gia thuyét
vé ty 1¢ ctia tong thé véi mau 16n.

5) Chuong trinh kiém dinh gia thuyét
ve phuong sai cua tong thé c6 phan bo chuan.

3.2. Ung dung mét s6 bai toan kiém dinh gia
thuyét thong ké cé tham s6, mét miu

Béng cic chuong trinh d4 xay dyng, tién
hanh kiém dinh gia thuyét thong ké véi 05 loai
bai toan kiém dinh twong tmg, duoc ky hiéu
mot cach quy udce 1a IM1, 1M2, IM3, 1M4 va
1M5. Vi khuon khé bai bao c¢6 han, dudi day
chi don cir hai loai bai toan la 1M1 va 1MS5.

3.2.1. Bai todn kiém dinh gid thuyét vé trung
binh tong thé co phdn bo chudn khi biét
phuwong sai 6’ ciia tong thé

* Bai toan 1M1

Mot day chuyén san xuit 1o xo tron tai
mdt nha may ché tao toa xe, néu san xuit 6n
dinh thi khéi luong ciia cac 10 xo nay c6 phan
b6 chuan véi p, =5 kg va do 1éch chuén 6 = 0,1
kg. Mot can b kiém tra chat lugng san pham
(KCS) cho ring, c6 sy gia ting vé khoi luong
trung binh p cta cac 16 xo duoc san xuat ra, voi
d6 léch chuan o khong thay doi. Dé lam sang
t6 diéu nay, nguoi ta chon ngiu nhién mot mau
gé)m 16 10 xo dé kiém tra va da xac dinh duoc
khdi luong trung binh 1a X = 5,038 kg. Hay
kiém dinh gia thuyét H, cho rang gia ‘Eri trung
binh cua toan bo cac 16 xo duoc san xuat ra cua
nha may co6 khdi luong t6i da 1 5 kg & muc y
nghia a = 0,05 va a=0,1.

Luu dd thuat toan ctia chuong trinh thé
hién trén hinh 3.

Hinh 3. Luu do thudt todn kiém dinh gid thuyét
ve trung binh tong thé co phan bo chuan khi biét
phuwong sai ciia tong thé
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Qua trinh kiém dinh:
, VHycuu =5 ,
1) Pat gia thuyét:{HO . #= _ - daylakiém
dinh phia phai. 1M Hy =

2) Kiém dinh gia thuyét:
a. Nhap s6 liéu vao chuong trinh.
b. Tinh toan kiém nghiém.

Két qua tinh toan v6i mirc y nghia o =
0,05 thé hién trén giao dién hinh 4a; v6i muc y
nghia o = 0,1 trén hinh 4b.

Téptin Trg gidp
f
=1L I X )
KIEM DINH GIA THUYET MOT MAU VE TRUNG BINH TONG THE CO PHAN BO CHUAN
KHI BIET PHUONG SAI (%) CUA TONG THE

‘Théng s6 tinh toin Kiém dinh hai phia

2 Kié
i thuyét

Trung binh téng thé )=

‘Trung binh miu £ = 5.038

thuyét Hy
Dy léch chuan tong the 7= 01 Hyp<py=5 i
. Hiu>pp=5
Comiun= 16 :
Gid tri kiém dinh .
=15 it
Mitc § rghiaa = 005 Z,=132000

Gimiz,=[ 16wt Quyét dinh Quyét dinh
Kitrg c6 co's3 bic b gi tuyét Hy H

GawiZ,=| 19509 (G r p = 00642555 Gi tip=

56 lién d dueoe i b

Hinh 4a. Giao dién hién thi két qua kiém dinh bai
toan 1M1

Tép tin Tro gitp

=l J°X:)

KIEM DINH GIA THUYET MOT MAU VE TRUNG BINH TONG THE O PHAN BO CHUAN
KHI BIET PHU CUA TONG THE

Hyus<py=5 B,
Hy > py=5

Gia tri kiém dinh 7=
Z,=1.52000 "
GamZ,= 128155 Quyét dinh

Bic b6 gid thuyét H, H,

Gid trjp = 0.0642555 Gid rjp=

Hinh 4b. Giao dién hién thi két qua kiém dinh bai
toan IM1
3) Két luan:

- Truong hop 1:

Khio=5%thi Z = 1,52 <Z = 1,645,
do d6 khong c6 co so bac bo giad thuyet H,, hay
n6i khéc, véi mirc ¥ nghia a = 0,05, khbi luong
trung binh thyc té cua cac 10 xo trong tong thé
t6i da 1a 5 kg.

- Truong hop 2:

Khioa=10%thiZ =1,52>Z7Z =1,282,
do d6 bac bo gia thuyet H , hay noi khac voi
mirc y nghia o= 0,1, khdi hIO‘ng trung binh thyuc
té ctia cac 10 xo trong tong thé 1a 16n hon 5 kg.

Dén day xuat hién mot van dé, 1a & muc
¥ nghia nao giita 5% va 10% thi gia thuyét H bi
bac bo. Gia tri tai murc d6 duoc goi 1a gid tri p (p
value: probability value). Gid tri p 1a muc y nghia
o nhé nht ma ¢ d6 gia thuyét H, bi béc bo.

Nhu tinh todn ¢ trén Z = 1,52, nhu vay
gia thuyét H, bi bac bo ¢ bat cu: gla tr1 nao cua
ama & do Z nho hon 1,52. Cu thé, can tim gia
tri p trong truong hopZ =7 =152.V6iZ =
1,52, ta dugc a = 0,0643 hay a = 6,43%.

Diéu nay cho phép suy luan ring gia
thuyét H, c6 thé bi bac bo & bét ky gid tri o nao
16n hon 6,43%, boi vi khi o > 6,43% thi Z =
1,52 nam trong ving bac bo gia thuyét (hinh 4c).

10% 5,43% 5%
| | | | »-
|

I I I s

] 1,28 1,52 1,645

Hinh 4c. So' do mién bac bé gid thuyét H,

3.2.2. Bal todn kiém dinh gla thuyet vé phuwong
sai ciia tong thé cé phéan bo chudn

* Bai toan 1MS

Tai mot Xi nghiép dau may, phuong sai
cua ham lugng tap chat co hoc trong dau boi
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tron dong co cia mat loai dau may diesel dugc
quy dinh theo tiéu chuan 1a khong vuot qua
0,4% (0® < 0,4%). Ngudi ta tién hanh 1y ngau
nhién 20 mau dau va dem phan tich ham luong
tap chat. Sau khi xtr 1y s6 liéu thi nghiém, nguoi
ta xac dinh dugc phuong sai vé ham luong tap
chat cia cic mau dau 1a 0,562%. Hay kiém
dinh gia thuyét H, 6 mucy ngma o= 0,} rang
phuong sai ham luong tap chat trong dau boi
tron ctia tong thé khong vuot qua 4%.

1) bat gia thuyét:
.22 \
Hy:0"<0.4 43014 kiém dinh bén phai.
H:0>>0,4

Luu d6 thuat toan ctia chuong trinh thé
hién trén hinh 5.

e b g i Hy
Keing s b b it Hy

Hinh 5. Luu d6 thudt todn kiém dinh gia thuyét vé

phirong sai ciia tong thé cé phén bo chudn
2) Kiém dinh gia thuyét:

a. Nhap s6 liéu vao chuong trinh.

b. Tinh toan kiém nghiém.

Két qua tinh toan thé hién trén giao dién
hinh 6.

a2 = X
Téptin Tro giip

f
=1L YN
KIEM DINH GLA THUYET MOT MAU VE PHUONG SAITONG THE
€O PHAN BO CHUAN
Kiém dinh hai phia

Théng b tinh toin ‘Kiém dinh mét phia

Phuseng sa thng (b8 o~ 04 Kiére inh phia | pht 5 _ Oxinam |
) £ Kiém dinh i thuyé
‘Phuong saiméu s = 0562 [ dh ] Gi thuyét
G thuyét By
Cé = 2 b <o=04
Hy
Mic § nghia 2= 01 Hio'> o =04
Gt | 112056 R Cié trj kiéim djnh
Gid tf kiém djnh 7
2 2 < e
GRtiy, 1.~ 11.6509 = 26.6950 L
GENiL, ) 0= 301435 Quétdph e
- Rhéng cf co s¢ bic bd g thuyét Hy K
Gitif, ) 0= 101170 Giitrip =0.111060 Gidtip=

6 I & dirge it b

Hinh 6. Giao dién hién thi két qud kiém dinh gid
thuyeét bai toan 1M5

3) Két luan:

O mitc y nghia o =0,1, 56 ligu khong du
bang ching dé bac bo gia thuyét H, cho rang
phuong sai cua ham luong tap chat trong dau
boi tron dong co diesel toi da 1a 0,4%.

4. KET LUAN

Trén co so 1y thuyet cua phuong phap
kiém nghlem gia thuyét thong ké c6 tham s
mot mau, da xay dung dugc 05 chuong trinh
tinh todn va rng dung cac chuong trinh dé cho
viéc danh gia do tin cay cua phuong tién duong
sat thong qua cac bai toan cu thé. Cac chuong
trinh da xay dung c6 giao dién thuan Viét, than
thién, dé s dung, cho phép tinh toan véi cac
thong s6 ddu vao da dang, cho két qua mot cach
nhanh chdéng va tin cay.

Céc ndi dung veé kiém dinh c6 tham s0,
hai mau s€ dugc trinh bay trong cac nghién ctru
tiép theo.
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TiNH TOAN, THIET KE VA XAY DUNG MO HINH HE THONG
PHUN SWONG DAP BUI CHO LO CHO KHAI THAC THAN

CALCULATING, DESIGNING AND BUILDING A MODEL OF A DUST
SUPPRESSION SYSTEM FOR A COAL MINING MARKET FURNACE

Nguyén Vin Quang*, Nguyén Thanh Tung
Truong Pai hoc M6 — Dia chat

TOM TAT

Bai bdo trinh bay phwong phdp tinh todn thiét ké hé thong phun swong ddp bui. Trén co s
todn hoc, nghién cieu dd chi ra so do hé thong phun swong ddp bui, tir d6 xdc dinh cdc théng sé co
ban ciia hé thong nhir leu leong, cét dp. Két qud bai bao da xdy dung dwoc mé hinh hé thong phun
swong ddp bui sir dung bom cao ap. Qua trinh thyc nghiém tai thuc dia cho thd'y né‘ng do bui giam
manh o khu vuc khai thac than.

Twr khéa: Phun swong dap bui; Bom cao dap; Béc phun.
ABSTRACT

This paper presents a method of calculating and designing a dust spray mist to suppress
dust system. On the basis of mathematics, the study has shown a diagram of the dust suppression
system, thereby determining the basic parameters of the system such as flow, pressure head. The
results of the article have built a model of a dust suppression system using a high-pressure pump.
Experimental process in the field showed that the dust concentration decreased sharply in the coal

mining market furnace.

Keywords: Mist spray dust; High-pressure pump, Nozzle.

1. PAT VAN PE

Bui than trong khai thic ham 10 la
nguyén nhan sinh ra cac bénh nghé nghiép nhu:
Bui phoi, hen phé quan,... anh hudng dén st
khoe ngudi lao dong va chét luong cude sdng
cong déng [1]. Nhiéu hé théng dap bui da duoc
nghién ctru va tmg trong khai thac than dé giam
tac hai ctuia bui. Tac gia Lé Van Thao [2, 3] da
tién hanh nghién ctru, thiét ké hé thong chéng
bui béng hop tron gié va nudce tao ra chum nudc

nho. Phuong phap nay maéi chi duge &p dung
& ngoai mat bang 1 chu yéu. Tac gia Colinet
JF, Spencer ER, Jankowski RA [4] da dua giai
phap théng gié nhiam hoa loang bui, giai phap
nay c6 kha quan nhung phai diéu chinh tdc do
gi6 dé hoa lodng bui nhanh chéng. Giai phap
nay dugc tic gia dé xuit sir dung cho nhimng
guong 10 chg v&i duong 10 co tiét dién 1on va
can phai c6 ngudn cung cip nude cho may hut
bui dé dap bui ngay tai may hut bui nén rat kho
ap dung ¢ Viét Nam, vi hau hét cac duong 1o
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trong cac mod hdm 16 cua Viét Nam déu nho,
chi c6 mot s it cac duong 10 duoc dio trong
thot gian xay dung mo thi méi c6 dién tich 16n.
Cac phuong phap chéng bui tai cic moé ham
10 hién nay con nhiéu han ché, chi phi nhan
cong phat sinh nhiéu; cac phuong phép chdng
bui chu yéu 1a phuong phép 1am am via than;
chéng bui bang cac tai nudc treo trude guong
10 khi n6 min; str dung bua nudc,... Cac phuong
phap chu yéu 1 st dung phun tuéi nuée véi ¢
hat 16n khong pht hop dé ap dung trong khai
thac ham 10 véi yéu ciu ¢& hat nho dé thuan loi
cho viéc thoat nude va it anh huong dén thiét
bi trong md. T nhiing phan tich trén day cé
thé nhan thay viéc chdng bui trong cac mo than
ham 10 1a mot van dé can dugc quan tam ding
muc, dic biét 1a tai cac guong 10 dao van ap
dung phuong phap hoa lodng luong bui bang
phuong phép thong gi6. Tir nhimng thuc té trén,
nhom téc gia di sdu vao viéc xay dung hé thong
phun suwong dép bui dé 1am giam ndng do bui
trong khai thac ham 10.

2. TINH TOAN THIET KE SO PO CONG
NGHE HE THONG PHUN SUONG

2.1. So' @6 hé théng phun swong

Hé théng phun swong dap bui hoat dong
dua trén nguyén ly bui dugc lam roi trong luc
thong qua ap lyc cao lam cho suong dang hat
nude va bui thanh qua cau bui nudc, dudi tac
dung cta bom ap suit cao 1am cho man suong
phun ra xa, tai noi cé nguén phat sinh bui hoac
mdi truong xung quanh tién hanh phun suwong
bao phu. Pic diém khai thac than ham 10, cac
duong 160 dugc phat trién theo hudng dao sau
xudng long dét. Hién nay, mot s6 mo khai thac
than ham 10 & Quang Ninh dang khai thac ¢ do
su t6i -250m va dy tinh con ¢6 thé xudng -450
m. Hé théng phun suwong gom: Pong co dién,
tram bom ting ap, bé nudc, hé thong dudng

ong va cac béc phun suong.

_ BEIESEEE

Hinh 1. So' do hé thong phun swong dip bui

2.2. Xac dinh céc thong sé cong nghé ciia hé
thong

2.2.1. Xac dinh luvu lwong

Trong khai thac than ham 16 sir dung
may khiu lién hop (cit than, phd hoa va cao
vén tai than sau khi cit). Chiéu dai cho trung
binh: L= 100 — 120 m. Ta chon chiéu dai 16 chg
trong tinh todn L = 120 m. Theo [3], goc phun
cla luéng bui nude dat téi 40°, chiéu dai lué)ng
bui nude d&én 1,5 + 2 m.

Dién tich mdt guong thuc té:
A=10+15m? tachon A= 15 m2.

Thé tich cAn dap bui:
V=LA=120.15=1800 m’.

Theo [2], ndng d6 bui khu trong khoang
thi Iuu lugng nudce can cho 1 don vi thé tich 1
m? 1a q = 0,175 lit/phat. Luu luong tong can dé
dap Gmg thé tich V 1a:

Q=q.V=0,175.1800 = 315 lit/phtt (1)

Khoang céach lap dit voi phun L =2 m,
duong kinh hinh tron pham vi anh huéng D =
2000 mm. Dé dat hiéu qua dap bui tdt do cac
yéu t6 phuwong voi phun va khoang cach phun,
chon d6 phui chong 1an O = 0,25.
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Khoang céch E giira 2 hang voi phun:

E>D.(1-0)=2000.(1-0,25)= 1500 mm —
Chon E =2000 mm (2)

DPé dam bao thé tich phun va chiéu dai
pl‘lun pha hét ving bui, chﬁng ta bd tri n =6
dau phun trén 1 cum. Chiéu dai lam viéc hiru
dung L, cia mgt cum voi phun:

L, =E.n,=2000.6 = 12000 mm =12 m 3)
S6 voi phun can thiét cho 1 dudng khiu:

_ L£ ~120_ 14 (cum voi phun)
1

Luu lugng qua mdi cum voi phun:

0 315 o
== =2""_315 (Litphat) (4
2 =5=To (Lit/phut)  (4)

Luu luong cho 1 voi phun:

0, =% 316’5 —5,25 (Lit/phit) (5)
ny

Do nhu cau phun suong dp bui trong
thoi gian ngén, thoi gian khoang 4-6 phut, thé
tich can thiét cia binh chtra: V > 6. 315 = 1890
lit.

Chon thé tich binh chtra: V = 2000 lit.
2.2.2. Tinh chon dp suit lam viéc

Ap suét trén duong 6ng:

H=h,+h, (6)

Trong d6: H aly 1a ap suat ddy trén duong

dng. Chon chiéu cao ddy trung binh ctia bom
hdéy =360 m; h, la ap suat doc duodng.

Van toc trung binh mat cit cua dong
chay v =2 m/s, duong kinh twong img khoang
danh nghia cta éng d = 32 mm. Khoang cach
tir vi tri ddt bom tang ap toi dau duong 10 1a 50
m. Puong dng phun 14 120 m nén tong chiéu
dai tinh toan: 1 = 50 + 120 = 170 m. Chon A =
0,025.

Theo [4], ton that doc duong cia 6ng:

2 2
hy =0 Y 20,0057 2 57 (bar)
d 2g 0,032°2.9,81
~ 2,7 Mpa (7)

Cot ap bom trén duong 6ng 1a:
H=h,+h, =27+3,6=63Mpa (8)

2.3. M hinh hé thong phun swong dép bui

Duya trén ddc diém thong sd hé thong
bom nhu muc 2, ta Iwra chon mé hinh tram bom
nhu sau:

Hinh 3. Hé théngphun swong ddp bui
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Loai bom cao 4p: Bom pistion; Cot ap
bom 6,3 Mpa; Luu lugng bom: 315 lit/phut;
Cong suat dong co 45 KW; Téc do quay truc
bom: 517 vong/phut; Thing chtra: 2000 lit; S
cum voi phun: 10 cum; S6 béc phun trong 1
cum: 6; Puong kinh dng chinh: 32 mm; Puong
kinh éng nhanh: 16 mm.

2.4. Thue nghiém va két qua
2.4.1. Chudn bi thuc nghi¢m

Vi tri 1ap dat hé théng bom: Lo cho lya
chon lap dat thir nghiém hé thong phun suong

dap bui 14 16 chg co gidi hda VM L7-2C thudc
mo than Mong Duong. Tong chicu dai 16 chg L
= 120 m, tiét dién mat cit 10 cho 13,2 m?2,

2.4.2. Két qud thwe nghiém

Nong do bui ho hip thoi diém lién tuc
ca ca lam vi¢c, 8 gid ¢ 10 chg co gioi hoa va
thoi gian ldy m6i mau 10 phut. Két qua do duoc
thuc hién trong 9 ca lam vi¢c trong 10 chg khai
thac than. Mdi ca 1am viéc 1ay 48 mau phu thudc
vao thoi gian 1am viéc cta timg cong doan. Két
qua do bui dugc trinh bay trong bang sau:

Hinh 4. Ldp tram bom

Hinh 5. Ldp hé thong voi phun

Bdng 1. Két qua do bui khi may khdu hoat déng trueée khi phun swong

A A . 3
. Nong do bl‘l} (mg./Am ), Thoi gian (phut)
S6 Lo cho co giéi héa v0i 9 ca lam viéc
TT VM-L7-2C
Trung binh | Min Max | Trung binh Min Max
1 Viao 1o 5.49 4.17 6.81 19.61 16.67 | 22.56
2 May khau hoat dong 182.83 11433 | 251.33 52.89 36.33 69.44
3 Ra khoi 16 25.17 1649 | 33.84 29.06 2456 | 33.56
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Bdng 2. Két qua do bui tai 6 cho khi ti than trude khi phun swrong

A A . 3
p ‘ - Nong do bui (mg/m’), Théi gian (phit)
So Lo chg co gidi hoa v0i 9 ca lam viée
TT VM-L(7)-1
Trung binh | Min Max | Trung binh Min Max
1 Vao 1o 5.29 4.17 6.41 23.33 20.83 25.83
2 Tai than 155.50 150.67 | 160.33 37.08 30.83 43.33
3 Ra khéi 10 5.05 4.20 591 28.75 27.50 30.00
Bdng 3. Két qua do bui khi mady khdu hoat déng sau khi phun suwong
A A . 3
] Nong do bl'l} (mg./Am » Thoi gian (phat)
S6 Lo cho co giéi héa v0i 9 ca lam viéc
TT VM-L7-2C
Trung binh | Min Max | Trung binh Min Max
1 Vao 1o 5.59 4.23 6.95 20.78 17.78 23.78
2 May khau hoat dong 22.44 12.62 32.27 44.33 25.89 62.78
3 Ra khoi 1o 541 4.07 6.75 26.06 22.78 29.33
Bdng 4. Két qua do bui tai 16 cho khi tai than sau khi phun swong
A ~ . 3
, Nong d¢ bui (mg/m?), Thoi gian (phat)
S6 Lo cho co gii héa Vv0i 9 ca lam viée
TT VM-L7-2C
Trung binh | Min Max | Trung binh Min Max
1 Vao 1o 5.40 4.21 6.59 22.08 17.50 26.67
2 Tai than 20.98 12.02 29.93 35.83 26.67 45.00
3 Ra khoi 1o 5.15 4.14 6.15 26.67 21.67 31.67
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Béang 1 va 3 thé hién ndng do bui khu
VUC may khéu 1am viéc giam di 10 rét trudc va
sau khi sir dung hé thong phun suong. Gia tri
nong do bui giam tir 182,83 xudng 22,44 mg/m’,
thoi gian duy tri ndng d6 bui ciing giam xudng
tir 52,89 phut xudng 44,33 phit. Bang 2 va 4
thé hién ndng do bui tai 16 cho giam tir 155,50
xudng 20,98 mg/m?. Chi s6 ndng do bui danh gia
hiéu qua ctia hé théng phun suong.

3. KET LUAN

Duya trén co so 1y thuyét va thuc nghiém
vé hé thong phun suong dap bui, bai bao da
xdy dung duoc hé théng phun swong dap bui
ap dung cho 10 cho khai thac than. Két qua qua
trinh tinh toan cho thy hé thong phun swong c6
cong sudt 45 Kw, luu luong bom 315 lit/phut
va cot ap bom 6,3 Mpa dap ung yéu ciu qua
trinh phun swong dap bui. Két qua thuc nghiém
tai Cong ty c¢d phan Than Méng Duong cho
thiy hiéu qua rd rét ctia hé thong phun suong.
Nong d6 bui da giam dugc 5-7 lan trude khi sir
dung hé thong phun suong.

Loi cam on:

Nghién ctu nay dugc tai trg boi Bo
Gido duc va Pao tao, mi sb dé tai: B2022-
MDA-11.%
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PHAN TiCH UON TINH CUA VO HAI DO CONG CO LO RONG
S’ DUNG PHAN TU HPU HAN

STATIC BENDING ANALY SIS OF FGP DOUBLY-CURVED SHELL USING FEM

Nguyén Thi Hai Van
Truong Pai hoc Su pham K¥ thuat, Dai hoc ba Nﬁng

TOM TAT

Bai bdo trinh bay két qua phan tich bai todn uén tinh ciia vo hal do cong bang phwong phap
phan tir hitu han (PTHH), trong d6 vo thoa man ly thuyét bién dang cat bdc nhdt, vo lam bang vt
liéu FGM c6 16 rong vi mé. Ly thuyet tinh toan dwoc ldp trinh trong moi truong Matlab, co6 so sanh
Voi cdc két qua di cong bé dé kiém chimg dé tin cdy. Trén co sé thudt todn va chwong trinh da lap,
bai bdo tién hanh khdo sdt anh huong cua mot $6 tham s6 nhw vé vt lidu, ddc trung hinh hoc cua
vé FGM hai d cong dén déap vmg udn tinh ciia vo.

Tir khoa: FGM; Vo hai dé cong; Lo rong vi mé.
ABSTRACT

This paper presents the analysis results of the static bending of doubly-curved shells by
the finite element method, in which the shell satisfies the first-order shear strain theory, the shell is
made of FGM material with porosity. Calculation theory is programmed in Matlab environment,
compared with published results to verify reliability. On the basis of the established algorithm and
program, the article investigates the influence of some parameters such as material, geometrical
characteristics of the two-curvature FGM shell on the static bending response of the shell.

Keywords: FGM; Doubly-curved shell; Porosity.

1. MO PAU

Céc két cau dang vo thuong dugc sir
dung rong rdi trong ky thuat, ching thuong
duoc su dung dé 1am bé chura, 6ng dan. Vat liéu
composite c6 co tinh bién thién (Functionaly
Graded Material, viét tat 1a FGM) 1a loai vat liéu
duoc ché tao bang cach pha tron hai thanh phan
bao gdom kim loai (metal) va gdm (ceramic)
theo mot ty 1& thé tich nhat dinh duoc phan bd
theo chiéu day cua 16p vt lidu véi dang ham

s6 mii ctia bién chiéu day. Tinh chat co hoc cua
vat liéu s& bién thién mot cach lién tuc tir mat
nay dén mat kia cua vo, cho phép khic phuc
duoc nhuge diém cia vo composite 16p 1a hién
tuong bong tach 16p, do d6 vat liéu FGM ngay
cang dugc st dung rdng rai trong cac nganh
cong nghi€p quan trong nhu xay dung 1o phan
ung hat nhan, vii try,... Trong qué trinh chénh
1éch nhiét do cua cac pha vat li¢u thanh phﬁn,
cac 16 rong vi mo thudng hinh thanh trong qua
trinh ché tao vat liéu FGM. Trong luat phéi tron
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nay, thé tich 16 réng duoc gia dinh phéan chia
déu cho ca hai pha, pha gbm va pha kim loai.
Céc nghién ctru vé vo ¢6 thé tim thiy trong cac
nghién cuu [1-3].

Tuy nhién cac nghién ciru su dung
phufUng phap s6 cho cac ket céu vo hai cong
van con han ché, chu yéu 1a s dung céc
phuong phap giai tich cho cac diéu kién bién
va hinh dang v6 don gian. Chinh vi 1y do trén,
bai bao nay trinh bay phuwong phap phan tir hiru
han (FEM) dé phan tich uén tinh cta vo hai do
cong c6 co tinh bién thién theo chiéu day va 18
rong té vi. Anh hudéng cua do cong, diéu kién
hinh hoc, 16 rdng té vi dén dap tng chuyén vi
thang dung ciia vo dugc kham pha. Cac két qua
nay c6 thé st dung lam tai lidu tham khao cho
cac nghién ctru tiép theo vé dao dong riéng, on
dinh va céc bai toan phi tuyén.

2. CAC CONG THUC CO BAN

2.1. V6 hai d9 cong lam bang vat litu FGM
¢6 16 rong vi mé

Gia st vat li¢u co tinh bién thién dugc
su dung tinh toan trong bai bao nay dugc lam tur
hai loai vat liéu thanh phan 1 gém va kim loai,
su phan bé ty 16 thanh phan cua hai vat liéu nay
tuan theo quy luat ciia ham sé mil. Ty 1¢ thanh
phan thé tich cta chiing gia thiét nhu sau [2]:

1z
VC(Z)Z(E-FZ] > szl_Vc (1)

Trong do V., V_ tuong Gmg la ty 1€
thé tich cta gbm va k1m loai; z 1a toa do theo
phuong chiéu day vo; h 1a chiéu day vo; k 1a hé
s6 mii thé tich; ¢, m tuong Ung la chi s6 ki hiéu
cho gém va kim loai.

Trong truong hop chua ké dén su xuat
hién cua cac 16 rong vi mo bén trong vat li¢u,

mé dun dan hdi Young (E) va hé sb Poat Xong
(v) cua vat liéu FGM phu thudc vao ty 1€ thanh
phan vat liéu theo bicu thuc [2]:

E(Z)Z(EL Em)l/c+Em;v(z)=(vc_vm)1/c+vm(2)

Trong trudng hop c6 ké dén cac 16 rong
vi mO bén trong vat li¢u, gid su h¢ so ty 1€ 1o
rong vi mo 1a a, cac dac trung co tinh cua vat
li¢u Iuc nay phu thudc ca vao ty I¢ the tich vat
liéu va hé so 10 rong nhu sau:
E(Z):(Ec _Em)VC +Em _%(Ec +E”I);V(Z):(Vc _Vm)Vc +Vy _%(Vc +Vm) (3)
2.2. Cong thirc phan tir hiru han tinh toin vé
hai d§ cong c6 10 rong vi mé chiu tac dung
cua tai trong tinh

Xét vo thoai hai d6 cong c6 hinh chiéu
bang hinh chit nhét, véi cac kich thude vo lan
luot 12 a, b va chiéu day h; cac thanh phén
chuyén vi tai diém c6 toa do (x,y,z) dugc biéu
dién duéi dang [2]:

u(x,y,2) = tly + 260,;v(x, y,2) = vy + 260, ;w(x,y,2) = wy (4)

Trong do: u,, v, w, la cac thanh phan
chuyén vi ctia diém tren rnat trung binh cta vo;
0, 9y 1a cac goc xoay cuia phap tuyén mit trung
binh quanh x, y.

Céc bién dang ubn va bién dang cat
ngang cua vo duoc lay l1a [3]:

O w o6
i B P 4
& R, o
&y ~
v, w, 08,
£,=48&, p={—+ —+z7—
) o R, &
yx:l' g ' ; £
1{1 1 |[év, & 08, 86,
- = || == |+z +
2|R, R )\ &x & ox oy
2 ex_ﬁ
?XZ i X
£C={7}= ow Yo )
34 - e, ——
a
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O day: R, R, la cac ban kinh cong theo
phuong truc x va truc y.

Quan hé giita Gmg suat va bién dang
theo dinh luat Hook c6 dang [1]:
u=Dy8.0. =D& (6)
DE gidi quyet bai toan dat ra, bai bdo su
dung phan tir dang tham s6 8 nat, mdi niit ¢6 5

bac ty do, chuyén vi tai mot diém bét ky trong
phan tir vo duoc xac dinh nhu sau [1]:

8

8
o :ZNi(r’S)“Oi’ Yo :ZNi(rss)VOi:

i=1 i=1

Hy:ZNi(r’s)Hyi (7

Trong do, N, (r, s) la cac ham dang
tuong Urng cuia phan tir 8 nut. Viét gon biéu thuc
trén dudi dang ma tran, ta co:

{uo,vo,wo,Hx,Hy} =Ny, (8)

Thay biéu thtrc (6) vao biéu thirc bién
dang ¢ trén, ta thu duogc:

g, =B,4q..5& =8B, 4. 9)
Voi:
oN; NN
> ' orTa ! Ny My
3 oN;, N, N, 8| R o
g=Y o Z& X o (Lippoyl ™ 10
; oy R, : &y E 0 _ﬁ % 0 N ( )
oN, N aN, oN, R, '
gt pZtog 2N PN
p oy p Ox : oy Ox

Thé ning cua phan tir vo khi ké dén
ngoai lyc tac dung c6 dang:

U, —lj' eD,e,dV+~ j gstcsch—L, wl f.dV =
(11)

=%‘Ie U[,;BII%BMV+ J' BTDBdV]qg qej' NTf.av

Cuc tiéu thé ning, ta thu dugc phuong
trinh cAn bang tinh ctia phan tir vo chju tac dung
cua tai trong tinh nhu sau:

K.q.=F, (12)

Trong d6, ma tran d6 ctng phan tir va
véc to tai trong nut phan tor dugc xac dinh nhu
sau:

K =| BuTDuBudV+§j B'D,B.dV
Ve 6V (13)
_ T
Fe_IVEN f.dv

Sau khi ghép ndi ma tran va khir diéu
kién bién, ta thu duoc phuong trinh can bang
tinh cua vo:

Kq=F (14)

Tién hanh giai phuong trinh (14) trong
moi trudng Matlab, thu duge chuyén vi, ing
suét, noi luc cua diém bat ky thudc vo.

3. KHAO SAT SO
3.1. Kiém tra dd tin cdy ciia chwong trinh tinh

Xét vo cau (R = R =R ) phan 16p chiu
lién két tya don trén 4 canh (SSSS) chiu tac
dung cua lyc phan bd déu trén toan bo bé mat
voi cuong do q,. Thong sO két cau va vat lidu
nhu sau: a=bE =15E,,Gy =02E,,Gy =G, =25E,,, =0.25.
Goc xép16p 0°/90°/90°/0°. Két qua diém chuyén
vi khong thir nguyén & = 1000w, E,4* /(g,a*),
khi thay doi ty s6 R/a voi ty 1¢ h/a khac nhau
so sanh vdi Reddy trong tai liéu [1] nhu bang
dudi day:
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h/a =100 h/a=10
R/a
Tac gia 1] Tac gia 1]
1 0.0715 0.0715 4.8369 4.8366
2 0.2844 0.2844 8.0513 8.0517
3 0.6246 0.6246 9.1456 9.1463
4 1.0558 1.0559 9.5992 9.5999
5 1.5357 1.5358 9.8241 9.8249
10 3.7207 3.7208 10.140 10.141
10% 6.8330 6.8331 10.252 10.251
Nhan xét: Cac két qua so sanh chuyén o108
vi tai diém khong thir nguyén cua tac gia so voi
[1] hau nhu trung khép nhau, dicu dé chung té 05
chuong trinh tinh tac gia da 1ap dam bao do tin 0
cay. ‘::; 1
3 i
3.2. Phan tich uon tinh cia vé6 FGM hai do pa S— N
X X Ao ==
cong c0 10 rong té vi T
0 0 0.4 0.6 0.8 1
Xét vO FGM hai d0 cong co céc o
R PR oy a) Puong chuyén vi
thong s6 vat litu va két cau nhu sau: a
=b = 1m, h = a/l00; R = R = R —10a o
E =300GPa, E, =200GPa, v, =v, =0.3; chl sO
mii k = 1; thé tich 16 réng té vi: a (trong d6
thi ky hiéu 1a alp) chiu lién két ngam 4 canh
(CCCC) dudi tac dung cua luc phan bo déu véi T 0

cu()’ng do q, = 10° (N/m?) trén bé mat vo. Két
qua diém chuyén vi cua duong giita tim W(x a/2),
ung suat phap tuyén o tai mat cit diém giira
tAm nhu trong hinh 1.

min(w).10°.E, i’
P a4
khong thir nguyén 16n nhat clia tAm.

Goi " =

la chuyén vi

—alp=0
—— glp=02
- alp=0.4

0.5
-0 -80  -60

-40 -20 0 20 40
e, [\IFa)

b) Ung sudt phap luyen

Hinh 1. Do thi dwong

chuyén vi va vmg sudt phdp

tuyén cua vo.
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Nhan xét: Tir cac do thi trén, ta thay anh
huong cua 16 rong té vi 1am cho chuyén vi va
mg sut ting khi thé tich 15 rdng ting, vi no
lam cho co tinh ciia tim thay d6i, mé dun dan
hdi E va hé sd Poat x6ng ctia tim nho di.

3.3. Khio sat cac yéu t6 anh hwéng dén uon
tinh cua vo FGM

3.3.1. Khdo sat anh hwong cua do day vo theo
ban kinh R

Pé danh gia anh hudng cua do day cua
vo dén chuyén vi 16n nhat cia diém gitra v,
ta lan lugt cho ty 1€ chiéu day vo thay doi tu
%:[40; 60; 80; 100], ty 1¢ the tich 16 rong . =0.1.
Véi hai truong hop tAm chiu lién két 13 tya don
bon canh (SSSS) va ngam bon canh (CCCC),
ta thu duogc két qua chuyén vi W* diém chinh
giita tim nhu trén hinh 2.

Nhan xét: Tir cac do thi ta thay, khi ty
1¢ a/h cang 16, véi kich thude a khong doi thi
d6 day vo cang mong, 1am cho gia tri chuyén
vi 16n nhat W* cta diém chinh gitra cang giam.
Bén kinh vo R cang ting, 1am cho gia tri chuyén
vi 16n nhat W* diém chinh giita ciing ting 1én,
nhung c6 xu hudng bang nhau khi R cang 16n
do lic nay vo bién thanh tim phang khi R tién
ra v0 cung.

6
o ==y,

—h=60
Ml - k=80
| —=am=100

R/a

a) Piéu kién bién SSSS

b/l =40)
ah=60
6|= = am=80
/b =100

b) Diéu kién bién CCCC
Hinh 2. P6 thi anh hieong ciia @6 day vo theo ban
kinh R

3.3.2. Khdo sdt anh hwéng ciia chi s6 mii k
ciia vo theo ban kinh R

Ddi véi vat liéu FGM, hé s6 chi sb mil
vatliéun la hé $6 quyét dinh rat 16n dén co tinh
cta vat lidu do co tinh vat li¢u bién ddi theo
ham mil k cua chiéu day z. Do d6, dé danh gia
anh huong cta hé s6 k dén gia tri chuyén vi 1on
nhit ctia vo FGM khi phan tich udn tinh, ta cho
k thay doi tir 1 dén 10, véi cac gia tri khac cua
két cAu vo gitr nguyén nhu trong bai toan co
ban. Két qua chuyén vi W* dugc thé hién nhu
cac Hinh 3a va Hinh 3b.

0 2 4 [ 8 10
R/a
a) Piéu kién bién SSSS
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b) Piéu kién bién CCCC
Hinh 3. D6 thi anh huwong cua chi $6 mii vat liéu
theo ban kinh R

T cac dd thi trén ta théy, chi s6 mil
k cang tang, 1am cho ty 18 gdm trong vt liéu
FGM cang giam dan dén co tinh cta vat li¢u
giam di, do d6 nhin vao db thi ta thdy k ting
lam cho chuyén vi W* ting theo 1én. Vi xu
huéng ting nay, ta c6 thé thay khi k tién dén gia
tri du 16n thi ti 1€ kim loai trong vat liéu FGM
s& chiém hau hét va lac nay chuyén vi W* s&
tién dén gia tri hang so.

3.3.3. Khdo sdt dnh hwéng ciia thé tich 16
rong a cua vo theo ban kinh R

Vat liéu FGM ¢6 16 r5ng té vi, lam cho
co tinh cta no thay doi rat nhiéu, nén dé danh
gia sy anh hudng d6, ta cho ty 1& 16 rong o
thay doi tir 0; 0,25; 0,50; 0,75. V&i cac tham sb
khac gitr nguyén, két qua anh huong cia o dén
chuyén vi W* dugc thé hién nhu Hinh 4a va
Hinh 4b.

Wt

a) Piéu kién bién SSSS

b) Piéu kién bién CCCC
Hinh 4. Do thi anh hwong cia thé tich 16 rong theo
ban kinh R

T cac do thi ta thiy, khi ty 18 16 rong té
vi o tang 1én, 1am cho cho chuyén vi W* ciing
tang theo. Su khac biét nay cang rd rét hon khi
ma ban kinh R ting. Diéu d6 c6 thé giai thich
rang khi ty 18 16 rdng ting 1én ma cac tham s6
khac khong thay dbi s& lam cho cac thudc tinh
cua vat li¢u FGM giam di, vo tré 1én mém hon,
dudi tac dung cua lyc khong ddi thi lam cho
chuyén vi tang lén.

3.3.4. Khdo sdt anh hwéng ciia 1y so a/b ciia
vo theo ban kinh R

Tiép theo, ta d4nh gia sy anh huong cta
ty 1¢ a/b dén chuyén vi W* cua vo. Ta cho a/b
thay ddi tir 0,5; 1; 1,5; 2,0. Cac tham sb khac
giit nguyén nhu két cau vo clia bai toan co ban.
Két qua chuyén vi W* nhu Hinh 5a va Hinh 5b.

——ab=05
- —8—ahb=1
- = ab=18
o | —a—ab=2
é 4 - o -
| . -
3 b - -
2 -
-
" -
1
U]
2 4 6 8 10
R/a
a) Diéu kién bién SSSS
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b) Diéu kién bién CCCC
Hinh 5. D6 thi anh hwéng ciia ty 1é a/b theo bdn
kinh R

Tir cac dd thi trén ta thay, khi ty 1¢ a/b
tang lén lam cho chuyén vi W* giam di, su
khac biét nay cang ro rét khi ma ty I¢ R/a tang
dan 1én. Véi diéu kién bién CCCC 1am chuyén
vi W* nho nhét.

4. KET LUAN

Duya trén phuong phap PTHH, 1y thuyét
cit bac nhat, tic gia di xay dung cac phuong
trinh 1y thuyét, tir &6 viét chuong trinh tinh trén
ngon nglr Matlab. Bai bdo da khao sat, danh gia
dugc anh hudng cia cac tham sé nhu ban kinh
cong cua vo, hé sd mil thé tich k, ty 1¢ 16 rdng
o... dén chuyén vi ctia vo dudi tac dung cia tai

trong tinh, tor d6 1am co s& cho viée tinh toan
thiét ké vo FGM hai d§ cong phuc vu cho cac
nhu cau k¥ thuat trong thuc tién.

Vi thuat toan, chuong trinh tinh da
lap, co thé 1am co s& cho viée tinh toan phan
tich dao dong riéng ctia vé FGM hai do cong,
bai toan 6n dinh, bai toan dap tng dong ciia vo
dudi tac dung clia xung nd, v.v... <

Ngay nhan bai: 10/7/2023
Ngay phan bién: 03/8/2023
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NGHIEN ClPU THIET KE QUY TRINH CONG NGHE CHE
TAO VAI BAY TAI VIET NAM

RESEARCH FOR DESIGN OF TECHNOLOGY PROCESS
OF JUTE FABRIC IN VIETNAM

Nguyén Thu Thiiy
Khoa Dét May Thoi trang, Truong Pai hoc Kinh té — K§ thuat Cong nghiép

TOM TAT

Cdc vt dung, do dimg dwoc lam tir soi day hay vdi day trén thi truwong hién nay xudt hién
khd nhiéu. Ngoai kiéu dang déc ddo, chat hrong cao, gid thanh ré di va dang dap iing dwoc nhu cau
ciia nhiéu ngweoi. Bdc biét, khi con nguoi ngay cang nang cao nhdn thire vé moi trueong, xu hwéng
s dung san phcfm duwoce lam tir chat liéu thién nhién, than thién méi truong. Pé san xudt dwoc soi
day hay vdi day thi qua rdt nhiéu céng doan phitc tap, tir thii cong dén sir dung cong nghé mdy
méc thiét bi hé tro, tuy nhién sdn lwong tao ra chwa cao ciing nhw tiéu tén céng sirc va ning heong.
Trong nghién ciru nay, tdc gid dwa ra quy trinh céng nghé san xudt vdi day phit hop véi diéu kién
tinh hinh thwc té tai Viét Nam nham ndng cao ndng sudt va chdt liwong san pham lam vai day, dép

vng dwoc nhu cdu ngdy cang Iom ciia thi truong trong nde va thé gidi.
Tw khéa: Cdy day; Soi day; Vai day; Chat lwong.
ABSTRACT

The current market offers a wide variety of objects and articles made of jute or jute fabric.
Besides unique designs, high quality and affordable prices, they are meeting the needs of many
people. Especially as people become more and more environmentally conscious, the trend of using
products made from natural and eco-friendly materials is increasing. The production of jute or
Jjute fabric involves a complex process, ranging from manual labor to the use of machinery and
assistive equipment. However, the production output is still relatively low, and it consumes a large
amount of effort and energy. In this study, the author presents the technological process of jute
fabric production suitable to the current conditions of Vietnam, in order to increase productivity
and improve the quality of jute fabric products to meet the increasing demands of the market in the

country and the world.

Keywords: Jute; Jute yarn; Jute fabric; Quality.
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1. PAT VAN PE

Vai day 1a mot loai vai dugc san Xudt
tr xo cua vo cay day. Trong do, cay day dugc
biét dén 13 mot loai cay c6 su phat trién manh
mé & ving nhiét d6i [1-3], noi c6 d6 4m khoang
60-90%, mdt cdy day thong thudng c6 thé hap
thu dén 15 tan carbon va giai phong 11 tan oxy
ra mdi trudng. Vé ning suét, c mdi ha s& cho
khoang 2 tan soi day. Soi day thuong c6 chidu
dai khoang 1-4m, duong kinh 17-20 micro mét,
chat soi mém mai va sang bong. Soi day duoc
danh gia 1a mot trong céc loai s¢i thyc vat manh
nhét trong ty nhién, chi ding sau bong vé s6
lugng san xuat. Dic tinh ndi bat cua soi day co
thé ké dén 1a chdng tinh dién t6t, c6 kha nang hut
4m vira phai va cho kha ning dan nhiét thap.

Vé ngudn gdc hinh thanh, tir cubi thé
ky XVII, cac nudc phuong Tay da st dung day
dé san xuét hang dét may gidng ngudi Dong
Bangladesh da str dung tir hang thé ky trude.
Soi day, vai day con duoc nguoi dan dong bang
song Hang goi véi cai tén my miéu 1a “soi
vang” vi tinh hiru dung cing gia tri tién mat
ctia n6. Ngay nay, day dang dan trd lai & nhiing
nudce phuong Tay nhu mot loai s¢i hitu ich cho
su phat trién nong nghiép va thuong mai. Theo
do, vai day thuong duoc st dung trong san
xuét cac loai ti hang hoa thay cho tai gidy, ti
nhua,... Sir dung tui dugc lam tur vai day chinh
1a su lyra chon hoan hdo, v6 cung than thién véi
moi trudng trong sb cac loai tii mang lai hiéu
qua vé chi phi 1au dai.

Vén dé dit ra 1a 1am thé nao dé nang cao
hon nita gié tri kinh té cling nhu chat luong san
pham tir cay day. Dé dat duoc diéu nay, ngoai
viéc chon cac gidng day c6 chat luong cao thi
cac nha san xut cling can phai quan tim dau
tu cong nghé, dé dua san pham dén ngudi tidu
dung khong nhirng ¢ thi truong trong nudc ma

con xuét khau di cac nudc trén thé gisi. Trong
nghién ctru nay, tac gia di sau vao viéc nghién
ctru thiét ké quy trinh cong nghé ché tao vai day
tai Viét Nam.

2. CO SO TINH TOAN THIET KE
2.1. Tinh chit cia soi day

Soi day dang soi xo, mém, c6 do bong
bé mat cao, c6 tinh dong nhat cia céc soi day.

Cay day cho ra soi c6 chiéu dai tuong
doi cao.

Soi day con dugc goi 1a sgi vang do tinh
chat rat linh hoat cua no.

Soi day c6 kha ning hat 4m tot phu
thudc vao nhiéu nhom OH phan cuc, ¢ gia tri
phuc hoi do am tir 36% dén 100%.

Soi day trd nén yéu khi tiép xuc voi
kiém do quéa trinh chiét xudt hemicellulose
trong clu tric soi. Ngoai ra, khi dat 18% soda,
SO1 S€ yéu va mém di. Néu soi day cham vao
axit s& yéu di va bi ph4 huy.

Thuoc tay thic day su thay doi mau sac
trong soi day, nhung véi viéc loai bé mdt chut
lignin, chiing s€ tré nén yéu va min.

2.2. Pac tinh cay day

- R& coc dam sau tir 0,5-1,5m, ré con
phat trién ngang, tap trung ¢ tang dat 30-35cm.

- Hinh théi ré khéc nhau, tuy thude vao
chung va giong day.

+ Pay xanh qua dai: R€ coc dai, re con
it, c6 kha nang chiu han.
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+ Day xanh qua tron: Ré coc ngan, re
con phan bo rong, nhi€u c6 kha nang chiu ung.

- Than: C6 tiét dién tron, duong kinh
géc 1-3cm hoac hon, cao tir 1,5-5m, c¢6 40-50
long, c6 khi trén 100 16ng. Than tron bong hoac
c6 gai, tily vao gidng ma mam nach, canh tim
nhiéu hay it.

+ Pay xanh: Khi cdy ra hoa mdi phan
canh, thuong c6 2-3 canh.

+ Pay cach: Hoa moc don trén than,
nén khong c6 hién tugng phan canh khi cay ra
hoa.

+ Pay xanh qua dai: Hinh thuén déu,
qua tron hinh thuon thét gon, phién 14 dai 10-
25cm, rong 4-6cm, mép 14 co6 rang cua.

+ Pay xanh qua tron: C6 chira chét
Corchorin, nén thudng cé vi dang.

2.3. Nguyén ly rut s¢i day

Tién xu 1y: Nguyén liéu ban dau can
duoc xur 1y trude khi chuyén doi thanh soi, [am
sach, lam mém va phoi kho sgi day.

Qua trinh kéo soi: Qua trinh nay thuong
duogc st dung dé tao ra soi tir nguyén li¢u. Trong
qua trinh kéo soi, nguyén li¢u dugc dua qua cac
6ng nho dan dén viéc kéo va cing soi. Piéu nay
lam cho sgi mong hon va kéo dai.

Tao thanh day day: Sau khi tao thanh
501, cc soi d6 co thé duogc két hop lai voi nhau
dé tao thanh day day. Qua trinh nay thuong bao
gém viéc dan, xodn, hodc lién két cac soi voi
nhau dé tao ra day day c6 do bén va tinh linh
hoat cao.

Xt Iy bé mat: Day day c6 thé duoc xur
1y bé mat d€ cai thién tinh chat chong mai mon,
chong tia cyc tim, chong chdy, chong tinh dién.

3. XAY DUNG QUY TRINH CONG NGHE
SAN XUAT SOQI TU CAY PAY

3.1. Quy trinh dét sgi tir cay day

Ngay nay, dd c6 nhiéu doanh nghiép
nganh dét may va thoi trang quan tdm dau tu
cho san pham dugc ché tao tir soi day. Tuy
nhién, dé dét duoc tAm vai soi tir cdy day thi
toan bo quy trinh san xuét chua dugce tu dong
hoéa, tir viéc bit dau thu hoach cay, boc day, kéo
thanh soi va dét thanh vai day rat vat va, ton
nhiéu thoi gian va cong sirc. Piéu nay ciing han
ché s6 lugng vai dugc san XUAt.

a. LAy than cay day

O Viét Nam, day thuong phat trién va
sinh trudng vao thang 5, thang 6. Day la thoi
gian 1y tudng va thich hop dé thu hoach day.
Sau khi day da dugc thu hoach, bé di phﬁn 14,
ngon va phan ré, chi giir lai phan than dé tién
hanh lay vo day. Phan than phai duoc rira sach,
ngam nudc dé vo day duoc tring dep va mém
hon.

Hinh 2.1. Thu hoach thdn cay day
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b. Boc tach vo cay day

Day 1a cong doan khé nhat va ciing tén
nhiéu thoi gian nhat. P& boc tach vo day tuoi ra
khoi than day, ta dung may boc tach (hinh 2.2)
v6i thong ) k¥ thuat: Tu trong 250kg; BDong co
10HP; Tc d6 1000-1200v/p; Cong suat 500kg
cay day tuoi/gio.

4

|

Hinh 2.2. May boc tach vo cay day [4]
1. Khung may; 2. Banh xe; 3. Qua [6; 4. Banh dai;
5. Banh rang;
6. Cira nap nguyén liéu; 7. Tay ddy

Céc cong doan boc tach lam sach vo:

+ Khoi dong may boc tach, qua truyén
dong banh dai 4, banh rang 5, 2 qua 16 3 s€
quay, dua than cdy day vao cua 6, 2 qué 16 s€
quan than day vao trong. Tai day, cac canh trén
qua 16 s& boc tach vo véi xuong cay day va tudt
la.

Hinh 2.3. Vo day dwoc tudc nho va phoi kho

+ Vo day sau khi dugc boc tach s€ mang
ngam nude cho mém ra, bude tiép theo vo duoc
dua vao may cao va lam sach bén ngoai. Vo
day duoc phoi kho, tuc nho va déu sau d6 dua
vao may xodn s¢i thanh timg cudn.

Hinh 2.4. Vo day duoc xodn thanh cuén
c. Dét vai day

Sau khi da tach thanh cong vo day tur
cay day, chung duoc quay thanh ting ong va
moc [én truc con thoi dé dét thanh vai day. Moi
tam vai thuong duoc dét c6 chiéu rong khoang
60-150 cm. Diém dic biét cua soi day d6 la
trong qua trinh dét, soi can duge lam 4m dé gitr
mat.

Hinh 2.5. Dét vai ti soi day

3.2. X4y dung mé hinh thiét ké

T nguyén 1y boc tach vo day, co thé
xay dung mo6 hinh bd phan tach vo day nhu so
d6 hinh 2.6.
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Dé tach vo day mot cach ty dong, than
cay day phai duogc lya chon dat tiéu chuan hinh
dang, kich thudc. Pong thoi, cling ding mot
ludi dao cat mot vong xung quanh thin day
tuong ty nhu khi thyc hién tdch vo thu cong.
Dao duoc gin trén thiét bi va c6 thé diéu chinh
dugc chiéu sdu vét cit sao cho vira bang véi
chiéu sau cua 16p vo bén ngoai cua than day,
tranh cét vao xuong day.

Hinh 2.6. So' do cat vo day xung quanh thin day

[5-7]
1. Than cay day; 2. Bang tai; 3. Vo day; 4. Dao cdt

Pé thuan loi cho qué trinh tach voé
day, dao cat duoc bd tri cach dau gdc cay day
khoang 30mm, chiéu dai ludi dao dugc thiét ké
16n hon chu vi cta than day dé c6 thé cat hét
xung quanh vo day. Pong thoi, phai dam bao
vo day ludn tiép xtic v6i ludi dao trong ving
cat va khong xay ra hién tugng trugt twong doi.
Dé dap g dugc yéu cau nay, ludi dao va bing
tai duge b tri nhur hinh 2.7. Trong d6, & khu
vuc ludi cit, than day sé duoc ép nguoc tir dudi
1én trén boi cac 10 xo dat phia dudi bang tai voi
mot luc vira di, gitp cho than day s& ty vao bé
mat da dugc tao nham cua gia do dao, lam tang
kha nang ma sat gitra than day véi gia do dao
va gitp than day 1an déu trén bang tai ma khong
x4y ra hi¢n tugong truot.

Hinh 2.7. Khu vie cdt vo than day twoi [5-7]

Sau khi cét hét chu vi, than day duoc
bang tai ddy vao co ciu kep, khi co cdu kep
nhan du 6 than day thi hé théng s& duoc kich
hoat co ciu dé kep chat hai dau, déng thoi
chuyén dong quay tinh tién sang hai bén nham
tach vo ra khoi than day. Trong qua trinh tach
vo, dau duoc cit dai 30mm s& két thuc trudc,
trudc khi phan chiéu dai cit bi loai bo co ciu s&
kep ¢6 dinh, dau con lai tiép tuc chuyén dong
hét hanh trinh cta bing may dé tach vo ra khoi
than. Két thac mot hanh trinh, soi day da dugc
tach tir than day, tudc nho dé dua vao quy trinh
xoan thanh timg cudn.

4. LAP QUY TRINH CONG NGHE CHE
TAO VAI DAY TU CAY DAY

Tir md hinh thiét ké rat soi day, c6 thé
xdy dung quy trinh cong nghé ché tao vai day
theo so do hinh 2.8.
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Hinh 2.8. Quy trinh céng nghé ché tao vai day tir
cay day

5. KET LUAN

Di xay dung duge mo hinh thiét ké thiét
bi rut soi day tu dong cong suat tir 700 dén 800
cay day mdi ngay.

Lap dugc quy trinh cong nghé ché tao
vai day tir cay day glup giam chi phi nhan cong,
tang ning suat va chat luong san pham mang
lai hiéu qua kinh té cao cho céc co so san Xuit,
gop phan khong nhé vao su phét trién nganh
may thoi trang trong nudc va trén thé gioi. <

Ngay nhan bai: 08/6/2023
Ngay phan bi¢n: 30/6/2023
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THIET Bl HO TRO' QUET CANG BAN CHAN BA CHIEU VO1 MAY
QUET QUAY 360 DO SU’ DUNG ANH SANG TRANG

THREE-DIMENSIONAL ANKLE FOOT SCANNING DEVICE WITH ROTATIONAL
360 DEGREE SCANNER USING WHITE-LIGHT

Lé Phan Hoang Chiéu'?
'B6 mon Qua trinh va Thiét bi, Khoa K¥ thuat Hoa hoc,
Truong Pai hoc Bach Khoa, Pai hoc Quéc gia Thanh phé Ho Chi Minh
DCSELab, Truong Pai hoc Bach khoa, Pai hoc Quéc gia Thanh phé Hb Chi Minh

TOM TAT

K5 thudt quét 3D viing cang ban chén la rat quan trong dé thiét ké va san xudt nep cé ban
chan (AFO) phu hop voi tirng bénh nhan. Nep khong phu hop la mot trong nhitng nguyén nhan gay
dau va cac bénh lién quan dén chan thwong & chan. Bai bdo nay tdp trung trinh bay mét thiét bi
mai dé do hinh dang 3D ciia viing cang ban chan sir dung dnh sang cdu triic. Phan chinh ciia thiét
bi bao gom mét may quét 3D, cum co cdu co khi xoay 360 do va cum gia dé chan bénh nhan. Céc
phép thir ciing da dwoc thuc hién dé chirg minh hiéu qud khi sir dung thiét bi hé tro quét 3D.

Tir khéa: Mdy quét 3D xoay 360 d; Nep cé ban chan.
ABSTRACT

3D scanning of the ankle foot is crucial for the correct design and manufacture of an Ankle
Foot Orthosis (AFO) for each patient. Not suitable orthosis are one of the major causes of pain and
injuries relate to the legs. This paper focuses on presenting a new device to measure the 3D shape
of the ankle foot region using structural-light. The main part of device includes a 3D scanner, a 360
degree rotating mechanical assembly and a supporting assembly for the patient. Tests have also
been performed to demonstrate the effective of using the device that supports 3D scanning.

Keywords: 360 degree rotating scanner,; Ankle Foot Orthosis.

1. TONG QUAN

Dung cu chinh hinh ¢6 ban chén (AFO)
duoc str dung rong rai trong diéu tri phuc hoi
chtrc ning & nguoi. Nep tac dung luc 1én chi thé
ctia bénh nhén gitip diéu chinh va phuc hdi tam
van dong va cac hoat dong hang ngay, dac biét
la dang di [1].

Nep ¢ ban chan dugc san xut truyén
thong bao gém cac budc chinh nhu bo bot, duc
thach cao, hit nhya va tinh chinh, doi héi k¥
nang va kinh nghiém. Ngoai ra, toan by qua
trinh san xuét nay phai duoc lip lai néu nep
AFO bi hu hdng hoac tinh trang ctia bénh nhan
bi thay d6i [2]. Viéc lap lai qua trinh san xuat
dan dén nhiéu han ché nhu gy khé chiu cho
bénh nhan khi bo bot nhiéu 1an; vige luu trit
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khuon thach cao khé khan va anh hudng méi
truong.

Dé giam thiéu cong viée bé bot nhidu
1an va luu trix hinh dang chi thé cua bénh nhan,
cong nghé quét 3D di duoc Gng dung dé giai
quyét van dé nay.

Hinh dang 3D chinh xéc ciia ving cang
ban chan 1a v6 ciing quan trong trong viéc ché
tao negp AFO. Su vira van gitra ngp AFO va chi
thé ctia tirng bénh nhan 1a mot yéu t6 thoai mai
quan trong khi st dung [3].

Hién nay, c6 nhiéu loai may quét 3D
cam tay c6 san trén thi truong, st dung mot
s6 phuong phap phd bién nhu méy chiéu va
camera. May chiéu anh sang tring duoc s
dung dé chiéu cac diém anh lén bé mit cang
ban chan va thu thap hinh dang cua chi thé bénh
nhan. Phuong phap nay dugc goi la phuong
phap anh sang ciu tric.

May quét cam tay thuong cd do chinh
xac cao, toc do thu thap dir liéu twong dbi
nhanh va c6 tinh linh hoat cao. Tuy nhién, dbi
v6i dbi twong quét 1a chi thé ciia bénh nhan,
viée st dung may quét cam tay cling gip mot
s6 han ché: (1) pham vi va khong gian quét bi
giéi han; (2) viéc di chuyén méay quét xung
quanh ving ciang ban chan cta bénh gip kho
khin; (3) trong mot s6 trudng hop phu thude
vao kinh nghiém cua ky thuat vién, dir li¢u quét
c6 thé khong dat chét luong do bi rung dong
hoac nhiéu.

Vé6i nhitng han ché nhu trén, tic gia
Munan Yuan cung cong sy da s dung 4 cam
bién camera Intel RealSense dit xung quanh
4 goc cua vat thé can quét bién dang [4]. Tuy
nhién, dé giam thiéu chi phi san xuat, tac gia
Ju-hwan Lee va cong sy da nghién ctu thiét
ké ché tao thiét bi quét 3D ban chéan véi co ciu

tinh tién va xoay 360 do sir dung cam bién laser
[3]. Sau do, mot thiét bi bao g@)m ca cam bién
laser va camera két hop v6i co cu xoay 360 do
da dugc nghién curu bdi tac gid Bostjan Novak
va cac cong su [5].

Nhiéu nghién ctru & nudc ngoai tap
trung vao vung ban chan trong thiét ké giay
dép. Viéc phat trién thiét bi quét cho ving
céng ban chan phuc vu cho san Xuét dung cu
chinh hinh cling dang dugc nghién ctru ¢ céc
nuoc phat trién. Tuy nhién, tai Vi¢t Nam, nhom
nghién ctru chua tim thiy cong bd nao vé thiét
bi quét nay, ciing nhu don vi nghién ctu thiét
ké, ché tao thiét bi nay.

Bai bdo nay tdp trung trinh bay mot
thiét bi méi dé do hinh dang 3D ciia ving cang
ban chén sir dung anh sang cau tric. Phan chinh
cta thiét bi bao gém mot may quét 3D, cum
co cau co khi xoay 360 do va cum gia do chan
bénh nhan. Cac phép thu cling da dugc thuc
hién dé chimg minh hi¢u qua khi sir dung thiét
bi hd trg quét 3D.

Bai todn thiét ké:

Thiét ké thiét bi hd tro quét 3D ving
cang ban chan giup cho viéc lay hinh dang 3D
dé dang va nhanh chong. Thiét bi c6 thé diéu
chinh chiéu cao sao cho phi hop véi timg bénh
nhan. Thoi gian quét t6i da cho mot bénh nhan
1a 2 phut. Thiét bi c6 ché d6 van hanh thu cong
va ty dong duoc thiét 1ap san.

Ll
<
-

Hinh 1. May quét 3D cam tay, Model Einscan Pro 2X

4x LED

| 3x Camera

4x LED
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2. THIET KE THIET BI HO TRQ QUET
3D VUNG CANG BAN CHAN

2.1. May quét 3D cim tay

Phuong phap dugc dé& xuit dua trén
may quét 3D cAm tay, Model Einscan Pro 2X
thugc hang Shining. Thiét bi, nhu hinh 1, bao
gdém 8 dén LED va 3 camera.

May quét ndy c6 thé cung cap dir liu
v6i d6 chinh xac tdi da 12 0,05 mm, téc 6 quét
la 30 fps hoac 1,5 tri¢u diém/giéy trong di¢n
tich quét tdi da 1 225 x 170 mm. Khoang cach
hi¢u dung dat 100 mm [6].

Deé c6 thé diu chinh dit li¢u quét va xay
dung md hinh, nhém nghién ctru da st dung
phan mém Einscan Pro.

May quét dugc két ndi toi may tinh thong
qua phan mém Einscan Pro da dugc cai dat.

2.2. So @b thiét bi

So @6 thiét bi dwoc thé hién nhu hinh
2, bao gém nhiéu cum co cau co khi voi chirc
ning riéng biét dugc lap rap thanh thiét bj hoan
chinh.

e

= P
oo | -E ]-
DOF 4 5 S

OGN .

Hinh 2. So d6 thiét bi

Trong do, DOF 1 thé hién béac tu do
diéu chinh chiéu cao; DOF 2 thé hién bac tu do
xoay 360 d9; DOF 3 va DOF 4 thé hién bac ty
do gbc quét.

a. Cum diéu chinh chiéu cao

Viée diéu chinh chiéu cao gitp cho thiét
bi c6 theé quét nhiéu doi tugng va di€u chinh
ti€u cy phu hop véi doi tuong quét.

Dé dé st dung va diéu khién, co cau co
khi duoc sir dung cho cum diéu chinh chiéu cao
la xy lanh di€n, nhu hinh 3. Xy lanh dién s€ phu
thudc chu yéu vao tai trong cua hé.

Xy lanh dién duogc diéu khién thu cong
bang nut nhan. Két hop véi cac 6 bi truot xung
quanh, giup cho hé c6 thé di chuyén dé dang
hon trong qua trinh lam viéc.

Hinh 3. Xy lanh dién

b. Cum xoay 360

Nhu d3 duoc d& cap vé han ché trong
phan Téng quan, cum xoay 360 s& khic phuc
dugc han ché so véi sir dung may quét bang tay.
Cum xoay str dung dong co servo va co ciu
banh dai giam toc dé ting mo-men xoin va diéu
khién chinh xéc vi tri cua tay quay, nhu hinh 4.
Ngoai ra, tbc d6 quay cua tay quay c6 thé duoc
diéu chinh trong khoang 1-3 vong/phut. Khi
chay khong tai, tbc d6 quay s& dat tdi da. Trong
qua trinh quét, toc do quay tiry thude vao mirc
dd anh sang trong moi truong lam viéc.
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Hinh 4. Cum tay quay xoay 360
Cong suat dong co:

- Khoi lugng méy quét la m = 1,13 kg.
- Khéi lu(mg tay quay la m =5 kg.
= Cong suat dong co (KW) 1 P 0,963 KW.

Téc do quay cia tay quay anh huong
dén tdc d6 di chuyén ctia may quét xung quanh
chi thé. Nguyén tic chung khi di chuyén ving
ldy miu 1a phan trim dién tich dir liéu méi
khong nén vuot qua 30% so véi tong dién tich
ving ldy mau, biéu dién nhu hinh 5.

Trong mét so truong hop, viéc di
chuyén quéa nhanh hodc bi can boi vat can, dix
liéu s€ bi gian doan.

D ligu cli DFliduch D léu mdi
'

30%
Hinh 5. Nguyén tac sir dung mdy quét

Tuy nhién, khi st dung phan mém
Einscan Pro, dit liéu c6 thé bd sung tiép tuc
nhung van theo nguyén tic quét & trén. Tinh
nang nay chi cé trén mot sé phan mém cua cac
hang.

¢. Cum diéu chinh géc quét
Day la cum quan trong nhit cia thiét bi.

Cum nay s& duoc lap dit may quét va co 2 bac
tu do bao gdm tinh tién va xoay, nhu hinh 6.

Hlnh 6. Cum dleu chinh goc quét

Bic tu do tinh tién duogc thuc hién béng
truc vit me két hop véi cac cam bién hanh trinh,
gitip cho may quét co thé di chuyén tir cing
chan cho dén ban chan.

—

[ Scanner | Scanner
I l ]
“-q._._.-" o

mt4|

Hinh 7. Hanh trinh tinh tién ciia mdy quét

Viéc diéu chinh hanh trinh cia may quét
van con mot sO han ché nhat dinh. Do vay, bac
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tu do xoay cling dugc tich hop. Khi d6, pham vi
quét co thé dugc di€u chinh dén toan bg vung
cang ban chan va mat long ban chan.

f——

| DOF 3

Hinh 8. Goc xoay cua may quét

Do may quét st dung anh sang tring
nén dé co thé liy duoc dir liéu hinh dang 3D
ctia mit 1ong ban chan, tim vat liéu thuy tinh da
duoc lép dat vao cum ho tro chi thé. Anh sang
trang s& xuyén qua tim thuy tinh va lay duoc
hinh dang 3D cua mat long ban chan.

Sau qua trinh nghién ctru thtr nghiém,
3 vi tri goc quét toi uu nhat dugce sir dung cho
chuong trinh quét ty dong nhu bang 1.

Hinh 9. Bién s6 goc quét

Trong d6: x 1a bién s6 khoang cach tinh
tu dau cua tay quay; a la bién s6 goc nghiéng
tinh tir truc ngang cua tay quay.

Bdng 1. Vi tri ti wu géc quét

Vi tri X (mm) o (deg)
1 0 10
95 90
3 200 45

d. Bo diéu khién

Mach diéu khién sir dung vi diéu khién
STM32 series lam bo xur 1y trung tam.

Hinh 10. So d@6 bé diéu khién

Trong do: (1) la dong co servo; (2) la
driver cho dong co; (3) 1a bo xuir Iy STM32.

3. QUY TRINH QUET 3D KHI SU DUNG
THIET BI

Budce 1: Cho bénh nhan ngdi vao ghé.
bat chan bénh nhan 1én cum géac chan sao cho
chan bénh nhan vao vi tri tim may.
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Bude 2: St dung phan mém quét 3D,
tao du an moi v6i cau hinh nhu sau:

- Ché do quét: Cam tay — Handheld
Rapid Scan.

- Khong hién thi mau — Non-texture.

- Ché @6 ghép nbi dir liéu: didc tinh cua
vat — Feature.

- Ché d6 sang: Binh thuong — Classic.

- Ché do phan giai: Trung binh —
Medium.

Budc 3: Nhan nut Start trén phan mém
may tinh xem trudc ché do quét, ving quét.
Can chinh vi tri chan nguoi sao cho ving quét
duoc nhiéu dir liéu nhat.

Budc 4: Nhan nut Start trén phan mém
may tinh dé bat dau lay dir liu quét.

Budc 5: Nhan nat Start trén thiét bi dé
tién hanh chay chuong trinh tu dong tai ba vi tri
quét.

Budc 6: Kiém tra dir liéu quét trén phan
mém.

Trudng hop dit liéu thé hién day du, dat
khoang 95% dién tich cua ving cang ban chan,
tién hanh luu dit lidu.

4. KET QUA THUC NGHIEM VA PANH
GIA

Thiét bi da dugc ché tao va kiém tra tai
DCSELab, Truong Pai hoc Bach Khoa, Dai
hoc Quéc gia TP. H6 Chi Minh.

Hinh 12. Thiét bi hé tro quét 3D

Sau do, thiét bi da dugc thir nghiém tai
Xudng Dung cu chinh hinh thu¢c Bénh vién
Phuc hdi chirc nang va Piéu tri Bénh Nghé
nghiép TP. H5 Chi Minh.

Hinh 13. Thir nghiém thiét bi

Két qua thoi gian quét duge cai thién
dang ké, giam chi con 2 phat 22 gidy so véi
cach quét cam tay truyén théng. Dir liéu quét
dugc dam bao chat luong dong déu.

Hinh 14. Dit liéu quét cang ban chan sau khi quét
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5. KET LUAN

Bai bdo trinh bay mot thiét bi méi hd
trg quét 3D vung cang ban chan, phuc vu cho
qua trinh thiét ké, ché tao nep c6 ban chan.
Mot s yéu cau thiét ké da duogc dit ra dé khac
phuc cac han ché dang ton dong. Ba vi tri goc
quét toi wu da dugc xay dung tir két qua thuc
nghiém. B diéu khién cua thiét bi bao gdbm ché
d6 thii cong va ché do tu dong st dung ba vi tri
goc quét da tim duogc. Thiét bi ciing da duoc
thir nghiém trén mot sé chi thé khac nhau va dat
dugc mot s6 két qua nhat dinh.

Loi cam on:

Nghién ctu nay dugc tai trg boi S&
Khoa hoc va Coéng nghé Thanh phé HO Chi
Minh trong khudn kho D¢ tai “Nghién ctru thiét
ké, ché tao nep cd ban chan bang cong nghé in
3D”.%
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NGHIEN Cl’U THIET KE QUY TRINH CONG NGHE PO
CHAT LUONG VAI bUI BANG THIET Bl TESTER

RESEARCH FOR DESIGN OF TECHNOLOGY PROCESS TO PLAY FABRIC WITH
TESTER EQUIPMENT

Nguyén Thu Thity, Nguyén Thi Lan Anh
Khoa Dét May Thoi trang, Truong Dai hoc Kinh té — Ky thuat Cong nghiép

TOM TAT

Trong nhitng nam qua, nganh Cong nghiép Dét May Viét Nam di c6 nhitng budce phdt trién
manh mé va ngay cang déng vai tré quan trong trong ting trieong ciia nén kinh té. Trong tdt cd cdc
mdt hang cong nghiép xudt khau hién nay, Dét May la nganh c¢é kim ngach xudt khau va toc do tang
triedng cao va la mot trong nhitng nganh hang xudt khdu chii lwe, gitk vai tro quan trong doi voi su
ting trieong ciia nén kinh té, chiém 12-16% tong kim ngach xudt khdu cia ca nwée. Dé dam bao
dwoc chi s6 nay thi nganh céng nghiép san xudt nguyén liéu dau vao phai dam bdo dwoc cdc chi
tiéu vé chat lwong ciia san pham sau khi thanh phdam, do @6 can phdi c6 nhitng thiét bi cong nghé
cao dé kiém tra san pham dam bdo cdc tiéu chudn cia Viét Nam ciing nhuw thé giéi. Bai bdo nay, tac
gid nghién ciru thiét bi Tester dé dwa ra quy trinh cong nghé kiém tra san pham vai dii sau khi san
xudt, dé danh gid chat lwong vdi trude khi dwa ra thi truong trong nwée va quoc te.

T khéa: Vdi diti; Dét sgi; To tam; Chdt lwong.
ABSTRACT

Over the years, Vietnam's Textile and Garment Industry has made strong development steps
and plays an increasingly important role in the growth of the economy. Of all the current export
industries, Textile and Garment is the industry with high export turnover and growth rate and is one
of the key export industries, playing an important role in the growth. of the economy, accounting
for 12-16% of the total export turnover of the country. To ensure this index, the input material
manufacturing industry must ensure the quality criteria of the finished product, so it is necessary to
have high-tech equipment to check the product. products ensure the standards of Vietnam as well as
the world. In this article, the author researches the Tester device to provide a technological process
for testing linen products after production, to evaluate the quality of fabrics before launching into
domestic and international markets.

Keywords: Cotton fabric; Textile yarn; Silk; Quality.
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1. PAT VAN PE

Vai diii, trén thé gidi c6 tén Tussah
Silk (Tussar silk, Tushar silk, Tassar silk hoac
Tusser silk...). Da c6 nhiéu nghién curu vé lua,
lua Tussah (vai diii). Nghién ctru vé lua ¢ cac
bai bado nhu “The preparation and processing of
Tussah silk” cua tac gia Subrata Das [1], nghién
ctru da chi ra nhitng phuong phap ché bién vai
dii dé dam bao chit lugng cua vai dat tiéu
chuén cao; “Textile Properties of Tussah Silk
Fabric by Eco-Friendly Crosslinking Agents
Modification” cua tac gid Zhi Mei Liu, Gang
Li, De Hong Cheng, Yan Hua Lu [2], nghién
clru d chi ra ddc tinh dét ctia vai dili tir to tim
1a phuong phap tot nhat dé dam bao chat luong
cua vai diii; “A Comparison of Color Fastness
Properties of Mulberry Silk and Tussah Silk
Fabrics in Blends with Cellulosic Fibers” cua
tac gia Memik Bunyamin Uzumcu [3], nghién
clru da so sanh céac dic tinh bén mau cua vai to
dau tam va to tam Tussah trong hdn hop véi xo
xenlulo.

C6 rat nhidu cac cong trinh nghién ctru
vé vai diii trong nudc, dién hinh nhu “Nghién
ciru mot sd tinh chit cua vai diii to tim nhuém
bang chat mau tuy nhién” cia tac gia Nguyén
Trong Tuén, Hoang Thi Linh, Hoang Thi Thu
Lan [4],... Tuy nhién, chua c6 nghién ctru nao
di chuyén sau vé kiém tra chit luong vai diii
sau khi thanh pham. Vi vay, nghién ciru nay sé
nghién ctru quy trinh kiém tra chét luong cia
vai dili trén cac thiét bi hién dai dé danh gia
chat lwong vai diii 12 mot khau quan trong cua
nganh D¢t May.

2. CO SO TiNH TOAN THIET KE
2.1. Tinh chét cia vai diii

Vai diii thuc chat 12 mot loai lua to tim

va c6 tén goi khac 1a vai lanh (do dugc dét bﬁng
so1 lanh).

Vai diii thuong c6 bé mit tho rap, vai co
trong luong nhe, chét vai kha Xép va duogc lam
tir soi diii. Soi diii 1a phan thira ra tir qua trinh
uom to hay con dugc goi Ia phé liéu to tim.
Nhu vay, vai diii thuc chat 1a mét loai lua to
tdm va no con c6 mot tén goi khac 1a vai lanh.
Vii dili gan gidng véi vai thd va vai b nhung
chit vai mém min hon nhiéu.

2.2. Quy trinh san xuat vai diii

Budc 1: Nau soi diii

Cho kén tam vao nau dén khi kén tam
mém ra, dung dlia vét thir xem kén tam da bung
so1 to ra chua.

il
I

Hinh 2.1. Ndu soi dili
Budc 2: Kéo thanh soi

Sau khi kén mém ra, ngudi tho s& ding
tay dé kéo nhiing soi kén trong mot chau nudc.
Cong doan kéo s¢i dugc lam hoan toan béng
thu cong, 13 cong doan quan trong nhat trong
qua trinh san xuét vai di.

Budc 3: Phoi soi
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Sau khi kéo thanh soi xong, nhiing
soi diii s& dugc gudng lai va dem di phoi kho.
Can phai phoi khé soi diii hoan toan dé soi diii
khong bi am méc sau d6 mang soi vao dé tién
hanh dét vai.

Budc 4: Dét vai

Dé dét thanh vai dili, nguoi thg phai
dung vun diii dé dét.

Hinh 2.3. Dét vai diii

3. XAY DUNG QUY TRINH CONG NGHE
KIEM TRA CHAT LUQNG VAI PUI

3.1. Thiét bj kiém tra Tester

- Cau tao:

Hinh 3.1. Cdu tao thiét bi kiém tra Tester [5]

1. Céng tac do thii cong/tie dong; 2. Tru ding; 3.
Thiét bi liec; 4. Man hinh hién thi lee; 5. Thong s6
chudn; 6. Badng diéu khién; 7. Tin hiéu dau vao;
8. Bé diéu chinh toc dd; 9. Cong tdc giam toc; 10.
Céng tic dirng; 11. Céng tdc tang toc

- Thong s6 k¥ thuat thiét bi Tester:

Thong so muc

Chi s6 k¥ thuat

Cung cép dién

AC(100 ~ 240)V, (50/60)
Hz, 100W

Mbi trudng lam vige

Nhiét d6 (10 ~ 35)°C,
Humidity < 85%

10 inch man hinh cam

Hién thi g mau

Po pham vi 81516 0300)%31\1/(1 ~300)N/
Do phan giai man hinh 80(32)1 /I(\)I(()Ll?i\(l)(?d)l/ 8'0001};;(1“3
L3i chi dinh “I—LO%%’ (Range 5% ~
Lam viéc dot quy 3}5110n1$n/ 900mm (tly

Mau chiéu rong

15mm (25mm, 50mm
Optional)

Kéo dai toc do

(1 ~500) mm/min (Co
thé duoc diéu chinh tuy
tién)

Puoc xay dung — in nhiét

In A
may in
A PO RS232 (Mac dinh) (USB,
Giao dién truyen thong WIFT tiy chon)
Kich thude 550 x 530 x 900mm
Net (Trong lugng) 95kg xung quanh
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- Chirc ndng cua cac bd phén chi tiét:

Closed-Loop servo dong co budc; Bong
vit va ba hudng dan truc cung cip 6n dinh va
chinh x4c truyén; Man hinh 10 inch mau LCD,
man hinh cam ung dugc st dung dé hién thi
kéo dai duong cong trong thoi gian thuc; Céac
bd vi xtr Iy ARM va 24-bit Analog-to-KV thuat
s6 chuyén dbi cai thién toc d phan g ctia cac
nhac cu va dam bao céc hiéu suat thoi gian thyc
cua cac phép do; Mét dién dot ngot dir liéu chuce
nang luu trit, dit liéu trude khi mat dién sau khi
dién bat (on) dugc giir lai va thir nghiém c6 thé
duoc tiép tuc; Cac tinh nang cua thiét 1ap lai tu
dong; Bo nhé dir liéu, bao vé qua tai va 16i tu
chan doan; ECooperate v6i phan mém méy tinh
cho thong tin lién lac.

3.2. Quy trinh kiém tra chét lwong vai diii

Nghién ctru str dung bén mau vai diii dét
thoi van diém dét tir soi phé pham ciia to tim
trén may dét Han Jin cua Han Qudc tai Cong
ty TNHH Xe to Dét lua Ha Bao (Lam Ddng)
v6i d6 manh soi doc khong ddi 15,5x3D, do
manh sQi ngang lan luotla: 182D, 233D, 276D,
337D; Mat @ soi doc 510 soi/10cm; Mat do
s¢i ngang 260 soi/10cm. Day la cac loai vai
diii duoc sir dung phd bién trén thi trudng.
Céc thi nghiém dugc thuc hién trong diéu kién
tidu chuan: nhiét d6 20£2°C, d6 am tuong doi
65+4% tai Trung tdm thi nghiém — Phan vién
Dét May TP. H6 Chi Minh.

Bdng 3.1. Théng sé kj thudt ciia cdc mau vdi diti

STT Théng sb Ponvido| Miul MAiu 2 MAiu 3 MAiu 4
. Nguyén liéu soi doc Denier 15,5x3 15,5x3 15,5x3 15,5x3
Nguyén liéu soi ngang | Denier 182 233 276 337
5 Mat do6 doc Soi/10cm 510 510 510 510
Mat do ngang S¢i/10cm 260 260 260 260
3 Kiéu dét Vandiém | Vandiém | Vandiém | Vandiém
4 Kho vai cm 125 125 125 125

Trong bang trén, bdn mau vai diii duge tao nén tir sgi doc ¢6 chi s6 dd manh giéng nhau la
15,5Dx3, d6 manh soi ngang thay doi tdng dan tr mau M1 dén mau M4. Cho nén chu yéu cac gia
tri thuc nghi€ém phu thudc vao yéu to do manh sgi ngang cta vai dii.

Bdng 3.2. Két qua thi nghiém thong sé kjj thudt ciia cdc mau vdi diti

STT Théng sb Pon vi do Miu 1 Maiu 2 Miu 3 MAiu 4
. Nguyén liéu soi doc Denier 15,5x 3 15,5x 3 15,5x3 15,5x3
Nguyén li¢u sgi ngang | Denier 182,2 2329 276,1 337
2 Trong lugng vai g/m? 82,8 103,2 108,2 125,3
; Mat do doc Sgi/10cm 512 511 508 508
Mat do ngang S¢i/10cm 259 261 261 259
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Két qua thi nghiém xac dinh khi luong,
do manh soi ngang va mat do cua vai dii, nhan
thdy cac thong sb clia vai diii ting pht hop véi
yéu cau dit ra.

Nghién ctru stt dung phuong phdp
nghién ctru thuc nghiém xéc dinh mot sb dic
trung co 1y cua vai diii. Xac dinh khéi luong vai
g/m? theo tiéu chun ISO 7211-6-84; xac dinh
mat do soi cta vai theo tiéu chuan ISO 7211-2-
84; xac dinh do bén kéo dut va do gian dut cua
vai theo tiéu chuin ISO 13934-1-13; xé4c dinh
d6 bén xé cua vai theo tiéu chuan I1SO 13937-
1-00; xac dinh sy thay ddi kich thuéde sau giat
clia vai theo tiéu chuan ISO 6330-12; nghién
ctru anh hudng ctia d6 manh soi ngang dén khéi
luong vai, do bén kéo dut, do gidn dut, do bén
x¢, d0 co sau giat cua vai dui.

Qua cac két qua nghién ctru thyc nghiém
da duoc thuc hién tai Phan vién Dét May tai TP.
Ho Chi Minh cho thay: khi thay d6i d6 manh sgi
ngang cia vai dii c6 kiéu dét van diém s& anh
huong nhidu dén cac tinh chét co 1y ctia vai.

- Khéi lugng vai diii tang ty 16 thuan véi
muc do tang d6 manh sgi ngang.

- Do bén kéo dit vai diii theo hudng
doc va hudng ngang déu tang khi ting 46 manh
soi ngang tang, murc do ting d6 bén kéo dut vai
diii theo hudng ngang 16n hon mtrc do tang do
bén kéo dit vai diii theo hudng doc.

-Do bén xé vai diii theo hudng doc ting
ty 1¢ thuan véi mirc d6 tang do manh soi ngang.

- D6 co sau gidt cling thay d6i khi mat
d6 thay doi, co doc it, gidn ngang ting dan. Két
qua nghién ctru 13 co so khoa hoc nhim lya
chon d6 manh soi ngang phu hop dé san xuat
vai diii dap Gmg yéu cau ky thuat ctia san pham.

4. KET LUAN

- b2 phan tich duogc cAu tao, chuc nang
cua thiét bi kiém tra Tester;

- ba xdy dung, dua ra dugc quy trinh
kiém tra chat luong vai diii;

- Kiém tra duogc chat luong vai diii voi
cac sb liéu trén bang 3.2 dam bao theo tiéu
chuén ISO:

+ Pat chuan khéi lugng vai g/m? theo
tiéu chuan ISO 7211-6-84;

+ Pat chuin mat do soi ctia vai theo tiéu
chudn ISO 7211-2-84;

+ Pat chuan d6 bén kéo dut va do gian
dut cua vai theo tiéu chuan ISO 13934-1-13;

+ Pat chuin do bén xé cta vai theo tiéu
chuan I1SO 13937-1-00;

+ Pat chuin thay d6i kich thuéc sau
gidt cta vai theo tiéu chuan ISO 6330-12.4
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PHAN TiCH DO ON PINH CHUOI: ’'NG DUNG CHO HE THONG
THEO DOI XE TV PONG

STRING STABILITY ANALYSIS: APPLICATION TO AUTOMATED VEHICLE
FOLLOWING SYSTEMS

TS. Pham Hiru Truyén', TS. Luu Pirc Lich?*
"Truong Pai hoc Su pham K¥ thuat Vinh
*Truong Pai hoc Bach khoa, Pai hoc Pa Nacmg

TOM TAT

Gan day, viéc phdt trién cdc phwong tién két néi va tw ldi da cé sw quan tam dang ké. Trong
bai viét nay, chung toi danh gia vé dé on dinh chudi ciia hai nhém xe véi cdac xe dwoc trang bi hé
thong diéu khién thich nghi hanh trinh ACC va cdc xe dwoe trang bi hé thong phéi hop diéu khién
thich nghi hanh trinh CACC, trong d6 cdc xe ¢é kha ndang két néi véi nhau théng qua kénh V2V,
Piéu kién dé on dinh chudi dwoc danh gid thong qua do thi dap iing tan sé.

T khoa: Hé thong hé tro li xe tién tién; Hé thong diéu khién thich nghi hanh trinh; On
dinh chudi; O t6 tw ldi; Hé thong giao théng thong minh.

ABSTRACT

Recently there has been considerable interest in the development of connected and
autonomous vehicles. In this paper, we evaluate the string stability for two platoon, in which vehicles
equipped with Adaptive Cruise Control and vehicles equipped with Cooperative Adaptive Cruise
Control with the vehicles are connected to each other through the V2V channel. The string stability
condition is evaluated through the frequency response graph.

Keywords: ADAS; ACC; String stability; Self-driving cars, Intelligent transportation system.

1. PAT VAN PE

Trong vai thap ky qua, sb luong phuong
tién ngay cang tang va nang luc duong bd han
ché dd giy ra cic van dé giao thong nghiém
trong, chang han nhu tic nghén giao thong va
tai nan duong bo. Hé thong giao thong thong
minh (ITS) 1a mot trong nhing giai phap nham
cai thién diéu kién giao théng hién nay [1].

Nhom phuong ti€n 1a mot trong nhiing cong
nghé ITS. Y tuong dau tién vé to chirc cac xe
thanh mot d6i hinh cung nhau di chuyén duoc
tac gia [2] dua ra: Viéc hinh thanh m¢t nhém
xe di chuyén trén dudng cao téc dugc goi 1a
mot doi hinh xe, bao gdm xe din dau va cac
xe theo sau di theo xe dan dau bang cach giir
khoang cach nhat dinh, trong d6 xe di sau trong
d6i hinh dugc diéu khién tu dong.
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Hi¢u suit cia mot doi hinh xe co thé
duogc danh gia bang hai dic diém chinh: 6n
dinh bén trong va on dinh chudi. Mot doi hinh
khong 6n dinh dan dén 16i khoang cach giira
cac 6 t6 s& ngay cang lon [3]. Su khuéch dai
lién tuc nay co thé dan dén viéc mat kiém soat
d6i voi doi hinh xe, c¢6 kha ning dan dén tai
nan hodc tinh trang mét an toan. Noi chung, rat
dé ching minh do 6n dinh bén trong cia cic
do1 hinh xe nay va thach thirc thuong la chung
minh d6 6n dinh chudi ctia doi hinh xe. Vi vy,
trong bai bao nay, chiing toi chi tap trung vao
phan tich d6 6n dinh chudi.

Cong nghé két ndi cac phuong ti¢n V01
nhau (V2V) tao diéu kién phat trién cac cau
trac lién két khac nhau [4]. Loi ich cua cac ciu
trac lién két nay trong viéc giam khoang cach
giita cac xe trong mot doi hinh, dong thoi dam
bao d¢ on dinh chudi.

Trong bai b4o nay, ching toi phan tich
do 6n dinh chudi cho hai nhom xe, trong do
nhém xe thtr nhét, xe theo sau trang bi hé théng
ACC vanhom xe thr hai, xe theo sau dugc trang
bi hé thong phéi hop diéu khién thich nghi hanh
trinh CACC. Hai nhém xe nay di chuyén ciing
mot téc do lac dong thoi duy tri mot khoang
cach nho gitra cac xe lién ké trong nhom.

2. HE THONG PIEU KHIEN CUA MOT
NHOM PHUONG TIEN

Gia stir nhom phuong tién di chuyén tir
trai sang phai bao gdm N + 1 xe nhu minh hoa
& hinh 1, trong d6 cac xe duoc liét ké voi chi s6
i=0;...: N, i= 0 biéu thi xe din dau. V] tri cua
xe thtr i so v6i diém quy chiéu cb dinh trén 1&
duong dugc ky hi¢u la la p,, khoang cach gitra
xe i va xe i — 1 duge ky hi€u 1a d, dugc do
boi cam bién ddt ¢ xe thir i va L, 1a chiéu dai
xe. Poi hinh xe thtr nhat, cic xe theo sau dugc

trang bi hé théng didu khién thich nghi hanh
trinh ACC (hinh 1a), d01 hinh xe thir hai, cac xe
theo sau duoc trang bi hé théng phdi hop diéu
khién thich nghi hanh trinh CACC (hinh 1b),
tte 14 cac xe theo sau c6 kha niang két ndi V2V
dé nhan thong tin tir xe phia trudc.

5% >
A ‘[7\/ 1 “« o 1 L I)[
ﬁ ﬂ s, @00
> - Ly > g
G 21
a. Do hinh xe duge trang bj hé théng ACC = >+~
V2v d
‘/“"/ - N - \““a\ 05— = Y
PN ~4& " DN-1 Ay 2]
Ganry, SEmn, - Emarn 20000
dy Ay s d

2 , h
- > - e - e

b. Doi hinh xe dugc trang bi hé théng CACC

Hinh 1. Cdu triic hé thong

Tham chiéu cho céc cdu trac hé thong
diéu khién ACC cua xe theo sau la khoéng cach
mong mubn d. . duoc xac dinh bang cach su:
dung chién hroc '[hO’l gian di chuyén mong muén:

d; 0 =15+ hy, (1)

Trong do, r, la khoang cach mong mudn
khi dung lai, h, 1a thoi gian di chuyén mong
muon va v, la van toc do dugc cua phuong tién i.

Xem xét khoé}ng cach thuc té d la d
li¢u nhan tir cam bién radar va khoang cach
mong mudn d. L la chiéu dai xe. L6i khoang
cach e, gilta xe i vai— 1 dugc dinh nghia trong
[5] la:

ei :di,ref _di = zref (pz 1 Lv _pz) (2)

M6 hinh tuyén tinh hoéa cho dong luc
hoc theo phuong doc cua 6 t6 thu dugc nhu sau

[5]:
7,a4,(t) +a,(t) =u,(?) (3)
Trong do, 3, 1a gia toc cia xe thir i, u. la

gia tbc mong muén cia xe thi i, T, la tham sO
dong luc hoc ctia bd truyen dong.
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Thuét toan kiém soat khoang cach cho
hé thong ACC cua phuong tién di theo sau trong
d61 hinh xe thir nhat c6 thé dugc mo ta bang:

U yoc =k, (Vi —v) +ke (4)

Str dung phuong trinh (1), (2), cung voi
mo hinh dong luc hoc 6 t6 (3) va luat kiém (5),
ta thu dugc ham truyén sai sb khoang cach g1u’a

cac xe lién ké cta doi hinh xe trang bi hé thong
ACC:

Ei(S) — kvs + ke
E_ (s) t,8+s +(k +kh)s+k,

Trong d6, E(s), E_(s) 1a bién doi
Laplace cua e, e twong ng.

)

H i,ACC (s):=

Thuat toan kiém soat khoang cach cho
hé thong CACC cua phuong tién di theo sau
trong doi hinh xe thir hai c6 thé dugc mo ta
bang:

=ka,_ —ka +k;(v._ —v)+ke (6)

l c4cc
Duya vao phuong trinh (1), (2), cung Vo1

mo6 hinh dong luc hoc 6 t6 (3) va luat kiém (6)
ta thu dugc ham truyén lién quan dén sai s6

khodng céch giita cac xe lién ké ctia di hinh xe
trang bi hé théng CACC:

E(s) _
E_(s) ; (7)

3.PHAN TiCH ON PINH CHO HE THONG

ks® +ks+k,
r,5° +(1+ky)s” + (ks +k,h)s +k,

H, cicc (s)=

Mot doi hinh xe dugc trang bi h¢ théng
ACC/CACC di chuyén cing liic co thé gip
phai sy mat 6n dinh chudi, van dé yéu cau la
phai phat trién mot phuong phap dé xac dinh
su 6n dinh chudi cho mot doi hinh xe. Hé théng
dugc coi 1a 6n dinh chudi néu céac 16i khoang
cach e, khong duoc khuéch dai khi chiing lan
truyen dén xe cudi cung ciia d6i hinh. Néu
chudi khong 6n dinh, diéu d6 c6 nghia 1a 16i

khoang cach gitta cac xe s€ ngay cang lon. Sy
khuéch dai lién tuc nay co thé dan dén viéc mat
kiém so4t, va c6 kha niang dan dén tai nan hoic
tinh trang mét an toan. Vi vay, diéu c6t yéu la
phai dam bao do 6n dinh chudi dé duy tri hanh
vi an toan va phdi hop cua céc xe.

Diéu kién dé dap tmg 6n dinh chudi cia
xe dugc mo ta bdi moi quan hé dugce trinh bay
trong [3]:

[ <1=el, 2], 2 2ed. @)

Mot giai phap heuristic dugc dé xuét dé
phan tich su 6n dinh chudi cho mot nhém xe
dong nhat dya trén diéu kién (8). Cac gia tri
thot gian 4, >0 duoc dua ra theo thir ty tang
dan va do thi dap tng tan sé ctia ham truyén
H.(jw) twong tmg dugc v&, kiém tra diéu kién
||H (]a))” <1 voi ®>0 bang cach kiém tra do
16n cua d6 thi dap ung tan sd, néu do 16n cuc
dai nho hon hoac bang 1 thi h¢ thong dam bao
on dinh chudi, tuc 1a diéu kién (8) dugc thoa
man. Nguoc lai, d§ 16n cuc dai 16n hon 1 thi hé
théng khong 6n dinh chudi tirc 1a diéu kién (8)
khong dugc thda man.

Dua vao két qua trong [6], ham truyén
lién quan dén sai s6 khoang cach giita cac xe
lién ké cua 2 ddi hinh tuong Ung cac xe dugc
trang bi 2 hé thong ACC va CACC thu duoc
nhu sau:

0.85+2
H. s) = 9
race(s) 0.255° + 5% + (0.8 + 2/ )s +2 ©)

0.125s> +0.45+22.5
1CACC()_
0.25s° +25* +(0.4+22.5h)s +22.5

(10)

Piéu kién on dinh chudi tir phuong
trinh (8) da duogc ap dung cho ham h(s) bang
cach tang h, tr 0 dén gia tri thoa man diéu kién
6n dinh chu01
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Téng gié tri thoi gian h, tir Os dén 0.65s, déi voi

hé thong ACC, 0s < h, <0.65s, ta thay rang d6
thi d4p mg tan s6 16n hon 1, do d6 khong thoa
man diéu kién 6n dinh (8), hé théng khong 6n
dinh. Tuy nhién, gia tri thoi gian h.= 0.65s, dd
thi dap Gng tan sb nho hon 1, thoéa méan didu
kién (8), hé théng dam bao 6n dinh chudi.

Déi véi hé théng CACC, 0s<h <0.4s,
ta thay rang do thi dap Gmg tan s6 16n hon 1, do
d6 khong thoa man diéu kién 6n dinh (8), hé
thong khong 6n dinh chudi. Tiép tuc ting gia tri
h, gia tri thoi gian h, > 0.4s, d6 thi dap tng tan
s6 nho hon 1, diéu d6 cho thiy hé théng dam
bao 6n dinh chudi. Néu gia tri h. cang 16n thi
d6 thi dap tng tan sd cang nho hon 1, hé thong
cang 6n dinh, tuy nhién gi tri h. cang 16n dan
dén khoang cach mong mudn cang 16n hon nhu
thé hién trong cong thirc (1), va do do sé& tao ra
khoang cach 16n gitra cac xe trong doi hinh.

15

[

LEL DT 9]
(1)

=
s

-HT-""‘--__'_ |
1 L] 15 20
Fraguancy (rads)

Hinh 2. Dé thi ciia doi hinh xe CACC

v

4444
Al

il e )

o 5 L) 15 2

Fraguancy (rads

Hinh 3. D6 thi ciia dji hinh xe ACC

Thong qua két qua phan tich d6 6n dinh
chudi, r6 rang doi hinh xe trang bi hé thong
CACC c6 gia tri thoi gian h, nhé hon nhiéu so
v6i doi hinh xe trang bi hé théng ACC, diéu
d6 ching minh rang khoang cach giita cac xe
trang bi hé thong CACC nho hon khoang cach
giita cic xe trang bi h¢ théng ACC, tirc 1a chidu
dai nhom xe CACC ngén hon, kha ning ting
luru Iwgng xe tt hon.

4. KET LUAN

Trong bai bao nay, mdt phuong phap
phan tich 6 6n dinh chudi cho mot doi hinh
thir nhit trong d6 cac xe dugc trang bi hé théng
ACC va cho mét doi hinh thur hai trong d6 cac
xe dugc trang bi hé théng CACC da duoc trién
khai. Gi4 tri thoi gian h. nho nhét thoa man
diéu kién 6n dinh chudi dugc quan tdm. Dua
vao két qua phan tich, chung ta thiy rang d6 on
dinh chudi xe trang bi hé thdng CACC co thé
dép tmg dugc voi h, nhé nhét 1a 0,4s, trong khi
nhoém xe trang bi hé thong ACC dam bao 6n
dinh nhém véi gia tri h, =0.65s. Diéu nay cho
thdy rang doi hinh xe trang bi hé thong CACC
cai thién luu luong xe luu thong tot hon do
khoang gifta cac xe nho hon nhu thé hién trong
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cong thue (1), trong khi van duy tri d6 6n dinh
cta nhom. Hudng nghién clru tuong lai, tac gia
s& md phong, danh gia hiéu qua cia hé thong
CACC.#
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DAO PONG RIENG CUA TAM CO CHIEU DAY BIEN DOI
FREE VIBRATIONS OF PLATES WITH VARIABLE THICKNESS

Than Vin Toan', Nguyén Manh Diing', Vii Td Nam', Pao Manh Lan?
"Hoc vién Ky thuat Quan sy
’Nha may Z131

TOM TAT

Duya trén phzmng phap phan tir hitu han, bai bao nghién ciru dao dong cua tam c6 chiéu day
blen doi twa trén nén dan hoi hai hé sé, cac cong thire duwoc thiét lap dia trén ly thuyét bién dang
cdt bdc nhat ciia Mindlin, trong dé chiéu day tam bién doi theo ca quy ludt tuyén tinh va phi tuyén.
Duea trén Iy thuyét tinh todn, bai bdo da dwa ra so sanh dé kiém chirng dg tin cdy, trén co sé dé bai
bdo tién hanh khao sat anh hwéng ciia mét sé tham sé nhw quy ludt bién doi chiéu day, nén dan hoi
dén dap vmg dao déng riéng cia tam. Bay la nghién ciru tién dé dé phat trién tinh todn nhitng bai
toan phitc tap hon trong co hoc vat ran, ciing nhuw lam tai liéu tham khao co gia tri khi thiét ké va
sir dung nhitng két cau c6 chiéu day bién doi trong thuee té.

Tw khéa: Dao dong riéng; Tam; Chiéu day bién doi; Phwong phdp phan tir hitu han.
ABSTRACT

Based on the finite element method, the article studies the vibration of plates with variable
thickness based on a two-factor elastic foundation, the formulas are established based on Mindlin's
first-order shear strain theory, in the plate thickness varies according to both linear and nonlinear
laws. Based on the theory of computation, the paper has made a comparison to verify the reliability,
on that basis the article investigates the influence of some parameters such as the rule of thickness
variation, elastic foundation on response to specific vibrations of the plate. This is a prerequisite
study for the development of more complex problems in solid mechanics, as well as a valuable
reference when designing and using structures of variable thickness in practice.

Keywords: Specific oscillations; Plate; Variable thickness; Extended finite element method.

1. PAT VAN DE

Cac két cau dang tam dugc st dung
rong rii trong nhiéu nganh k¥ thuat nhu déng
tau, vach ngan 10 phan tng, ... Tuy nhién, dé ti
uu hoa vat liéu hodc tan dung khong gian lam
viée, cac ki sur da thiét ké cac tAm c6 chiéu day
thay doi, viéc nghién ctru dép tmg co hoc cia

cac két cdu tAm co6 chiéu day bién dbi 12 yéu cau
cap thiét. Két qua nghién ctru 1a tai lidu quan
trong dé dinh hudng cho viéc thiét ké, ché tao
va sir dung chiing mot cach hiéu qué nhat.

Ciing da c6 mot sb nghién ciru dép Gmg
co hoc cua tam c6 chiéu day bién doi nhu: P.
Gagnon va C. Gosselin [1] phan tich uén tinh
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ctia tm hinh chit nhat c¢6 chiéu day bién doi
stt dung phuong phap dai phan tir (Finite Strip
Method); tac gia Manh va nhém cong su [2]
nghién ctru udn tinh va 6n dinh tinh ciia tim
composite ¢6 chiéu day bién d6i; Thanh va
nhom nghién ctru [3] da st dung phuong phéap
phan tir hitu han dé nghién ctru udn tinh cua
tam c6 chiéu day bién doi.

Céc nghién ciru da c6 mai chi dé cép rat
han ché dén bai toan dao dong riéng cta tdm
c6 chiéu day bién doi theo ca quy luat bién doi
tuyén tinh va phi tuyén, do vdy bai bao nay tap
trung nghién ciru va lam sang té van dé co y
nghia thiét thuc nay.

2.CONG THUC PHAN TU HU'U HAN TiNH
TOAN TAM NANO CO CHIEU DAY BIEN
POIVA COVETNUT VA CO KE PEN ANH
HUONG CUA HIEU UNG FLEXO

Xét tim nano c6 chiéu day bién doi va
¢6 vét ntt nhu trén hinh 1, tim c6 chiéu dai va
chiéu rong 13 a va b, tdm c6 chiéu day bién doi
tuyén tinh va phi tuyén, trong dé chiéu day tim
tai gbc toa do 1a h,.

h(y) b )

””” h(x)

a. Chiéu day bién doi tuyén tinh

b. Chiéu day bién doi phi tuyén
Hinh 1. M6 hinh tam c6 chiéu day bién doi

Bai bao sir dung 1y thuyét bién dang cit
bac nhat cia Mindlin, cac thanh phan chuyén vi
duogc viét ¢ dang sau:

u =u,+zp; uy:v0+zﬂy; u_ =w, (D)

Trong do, u,, v,, va w, 1a cac thanh phan
chuyén vi doc theo cac tryc x, y, z trong mat
phang trung binh cia tim, va B, B, 1a cac goc
xoay quanh céc truc y va x.

Tam duogc chia thanh cac phan tir hitu
han 3 diém nat, mdi nut c6 5 bac ty do chuyén
vi la {uO, Vo Wo, B B, }T. Cac thanh phan nay

dugc ndi suy theo phu’cmg phap phan tir hiru
han nhu sau:

n n n
Uy = ZNini; Vo = ZNI‘VO[; B, = zNiﬂxi ;
i1 i1 P

B, :ZNzﬂyi »Wo :zNiWOi (2)
i1 i1

Trong d6, n = 3 1a s6 nut ctia phan tr, N,
la cac ham ndi suy.

Truong bien dang uon cia tam:

g, Ou, [ x+z8B [ ox
§=18, 1 =10v,/Oy+2z0B, /oy

Yo |Ouy/y+v,/8x+2 (8B, /ou+0p, o)
=& +z5=Aq, +z44, 3)

Trong do, q,= {uy, v, W, B B 1Tlavéc
to chuyén vi ntit phan tur, va cac ma tran vi phan
ham dang:

N, 0O 000 000 N,
ox ox
2 ON., s ON,
A, = 0 L0 0 0,4=>|0 0 0 0 —/L
7 I =2 o |
ON; 0N, 00 0 00 0 ON; ON;
oy Ox oy Ox
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Truong bién dang cat ctua tam:
o,

15;\:_'__
I~ &x
?z{ }: : = A:qe

oo Eoq o
4=y . (5)

Quan h¢ ung suit — bién dang dugc tinh
toan theo dinh luat Hooke nhu sau:

c=|¢, ¢; 0 (& ,=F,¢ (6)

T, e O .
T = = =F_
Tg.s: O Cﬁﬁ P ) }’ (7)

Trong do:
CII CIZ 0 066 0

F,=\c, ¢, 0 ;FT:{O 066:| (8)
0 0 c4

Thé nang bién dang cua tam duogc tinh
toan nhu sau:

U,= %f[ (sra-i- }'Tr:} dav

1 .
== [ (SDTFJSD +e zF, & +¢ zF, 8, +&] 2’ F e, +y Fy ']dV

A

1 ¢ [ [ AJF, A, + A zF, A + AT 7F , A, .
=—-q, 7 q.
27 |5 hoyy2\+A ZF, 4+AF A,

C _hrvy
5 —hx.y

1
=_q.K.q, ©)

Trong do, K _1a ma tran khdi lugng cua
phan tir.

bong ning cua tam dugc tinh toan nhu
sau:

1 h(x,y)/2
L==[ [ p(@*+v+;)dzds
2 —h(x.y)/2

1
=5q5 M.q, (10)

Trong do, M, 1a ma trén khdi luong cua
phan tu.

Phuong trinh x4c dinh tan s6 dao dong
riéng va cac dang dao dong riéng cua tam dugc
tinh toan tir phuong trinh:

(K,-0’M,)q, (1)

Giai phuong trinh (11) s€ thu duoc cac
tan s6 dao dong riéng va cac dang dao dong
riéng tuong Ung.

3. Vi DU TiNH TOAN
3.1. Vi du kiém chirng

Vidu 1: TAm vuong co canha=b=1
m, chiéu day tam bién doi tuyen tinh theo toa

do x v6i biéu thuc h(x)=h, (1+ ﬁij vOi p =
a

0.1, h, = a/100. Cac dac trung co tinh vt li¢u
E =2.1 GPa, v= 0.3, p = 7850 kg/m’. Két qua
tinh toan va so sanh tan s6 khong tht nguyén

4 2 1/4
Q0 =(12’2%J dugc thé hién nhu trong
0

bang 1. T cac két qua so sanh nay, co thé két
luan su tin cdy cua ly thuyét tinh toan.
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Bang 1. So sanh Q, cua tam co chiéu day bien doi.

Tén sé
Nguf”)n
Q Q, Q, Q, Q,
Bai bao 4.65 7.36 7.36 9.31 10.40
[4] 4.67 7.44 7.44 9.43 10.69
Sai léch %
3.1.1. Khdo sdt so V6ih =a/100. Cac dac trung co tinh vat

Tam co6 cac kich thudéc a = b = 0.5m,
tam tua trén nén dan hoi hai hé so vdi cac tham
s0 cua nén dan hoi:

124* 124
by =k ke = e, e
Eh} ER;

Chiéu day tim bién dbi theo quy luat
tuyén tinh va phi tuyén theo cac dang sau:

+ Tam c6 chiéu day chi bién doi tuyén
tinh theo truc x: h="h (1- Bx/a).

+ Tam c6 chiéu day bién dbi tuyén tinh
theo ca trucx vay:h=h(1-gx/a)(1- By/b)

+ T4m c6 chiéu day bién dbi phi tuyén
theo truc x: h=h, (l—ﬂ(x/a)z)

+ Tam c6 chiéu day bién doi phi tuyén
theo ca truc x va y:

h=hy(1=B(x/a) |(1= (/b))

liéu tim: E = 70 GPa, v= 0.3, p = 2700 kg/m>.

Két qua tinh toan 1a tin sé khong thu
2. 12
r a(p
nguyén £2 = @ —
guy T L EJ
- Anh hwong ciia quy ludt bién déi chiéu day
tim

Dé thiy r& anh huong cta quy luat bién
d6i chiéu day tim dén dap tmg dao dong riéng
ctia tim, tham sé P cua chiéu day tang tir 0.2
dén 0.6. Két qua tinh toan nam tan sé dao dong
riéng dau tién dugc thé hién trong bang 2. Tur
két qua nay, co thé thay rang khi tham sb p ting
1én, tan s6 dao dong riéng cua tim giam xudng,
didu nay duoc giai thich ring tham sé p lam
thay doi ca khdi luong va do cung cua tam,
nhung khi gié tri cta tham sb nay tang 1én, do
clmg tang cham hon so véi sy ting 1én cua khoi
luong, nén tan sd giam xudng. TAm c6 chidu
day bién ddi phi tuyén theo truc x co tan sb 16n
nhat va tim co6 chiéu day bién dbi tuyén tinh
thep ¢4 truc X va truc y ¢6 tan s dao dong nho
nhat.
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Bdng 2. S phu thudc ciia ndm tan sé dao dong riéng dau tién vao tham so f, k,=20k,=5

TAm c6 chiéu day bién déi theo cic quy luat
B | £ Chiéu day bién | Chiéu day bién doi | Chiéu day bién | Chicu day bién doi
doi tuyen tinh theo | tuyén tinh theo ca | doi phi tuyéen theo | phi tuyén theo ca truc
truc x trucxvay truc x Xvay
1 6.313 5.968 6.441 6.174
2 14.289 13.128 14.763 13.931
3 14.302 13.147 14.746 13.956
0.2
4 22.332 20.369 23.058 21.668
5 27.568 25.064 28.606 26.894
6 27.659 25.064 28.666 26.900
1 5.668 5.524 5.894 5.460
2 11.672 10.022 12.872 11.130
3 11.792 10.348 12.903 11.239
0.6
4 17.940 14.638 19.922 16.783
5 21.001 17.035 23.893 19.965
6 21.816 17.150 24.413 20.047

Trén hinh 2 thé hién nam tan s dao dong riéng cta tim c6 cac quy ludt bién doi chiéu day
khac nhau, nhin vao cac dang dao dong riéng, c6 thé thiy rang quy ludt bién d6i chiéu day 1am thay
ddi dang ké cac dang dao dong riéng cua tam.
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Dang 1
Dang 2
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vn tinh theotrac | fuyén tinh thee ca | Chicu day bién 361 | Chitu day bién a8i

Hinh 2. Nam dang mdt én dinh ciia tam phu thudc quy ludt bién doi chiéu day tam
- Khdo sdt anh hwéng ciia d¢ cirng nén dan hoi

Phan nay s& xem xét anh hudng cia do cing nén dan hoi, tham sd k, vak, thay doi tir 0 dén
100, két qua tinh toan tan s6 dao dong riéng dau tién duoc thé hién nhu trong bang 3. Cac két qua
tinh toan cho thay khi ting do cimg ctia nén dan hoi, tan s6 dao dong ctia tim tang Ién, diéu nay la
do d¢ cing ciia tim dugc tang 1én do bd sung nén dan hoi, nhung khéi luong ctia tim khong thay
d6i, do vy tan s6 dao dong ctia tdm ting lén.
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Bang 3. Su phu thugc ciia tan s6 dao dong riéng dau tién vao tham so k,, k,, = 0.6

TAm c6 chiéu day bién ddi theo cac quy luat
K K Chiéu day bién doi | Chiludaybién | Chiéudaybién = Chiéu day bién doi
! 2 tuyen tinh theo truc | doi tuyén tinh | d0i phi tuyén theo | phi tuyén theo ca
X theo ca trucxvay truc x trucxvay
0 4.084 2.799 4.666 3.654
1 4.396 3.462 4.897 4.034
0 2 4.684 3.987 5.116 4.370
10 6.491 6.668 6.575 6.339
100 15.945 18.471 14.942 15.971
0 5.415 5.166 5.687 5.164
1 5.649 5514 5.875 5.426
100 2 5.872 5.833 6.057 5.670
10 7.376 7.855 7.320 7.262
100 16.309 18.906 15.272 16.337
4. KET LUAN Ngay nhén bai: 28/8/2023

Bai bao trinh bay nghién ctru vé dao
dong tu do cua tim ¢6 chiéu day bién dbi theo
nhiéu quy luat khac nhau. Céc cong thirc phan
tr hitu han duoc xay dung dua trén 1y thuyét
bién dang cit bac nhat va tAm tua trén nén dan
hdi hai hé s, chiéu day tim gia thiét bién d6i
theo ca quy luat tuyén tinh va phi tuyén. Cac két
qua so sanh dugc thyuc hién nham kiém chiung
do6 tin cay cua ly thuyét tinh toan. Trén co s
do, bai bao tién hanh khao sat anh huong cuia
mot sd yéu td nhu anh huong cta quy ludt bién
d6i cua chiéu day, nén dan hoi dén dap tng dao
dong tu do cua tAm nano. Cac két qua tinh todn
chi ra rang khi tang hé s6 do ctng ctiia nén dan
hoi thi tdm trd nén cing hon, nén tan sé dao
dong cta tim tang 1én. Quy luat bién d6i chidu
day khong chi anh hudng t6i gia tri cta cac tan
s6 dao dong riéng dau tién ma con anh huong
t6i cac dang dao dong riéng cua tim. Cac két
qua tinh toan nay la tai liéu tham khao c6 gia
trj khi thiét k&, ché tao va sir dung tim c6 chidu
day bién d6i trong thuc té. <

Ngay phan bién: 06/9/2023
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Hoan thanh EPC du an kénh dao "Panama' Viét Nam,
LILAMA 10 viét tiép truyén thong vé vang

um cong trinh kénh ndi séng Pay — song

Ninh Co tai Nam Dinh c6 gia tri 2.300 ty
Cdéng dap tng tau trong tai 2.000-3.000 tin
da chinh thirc dwoc mo ludng trong ngay 25/7. La
don vi thiét ké, ché tao, lap dat, chay thir va hudéng
dan van hanh toan bo thiét bi cua du an, Cong ty
C6 phan Lilamal0 (LILAMA10) tiép tuc ghi déu
an thuong hiéu LILAMA 10 trén cum cong trinh
thity 16n va quan trong bac nhat khu vuc phia Bac
nudc ta.

Ngay 25/7/2023, B9 Giao thong Van tai da
cong bé mo ludng dudng thuy ndi dia Qudc gia —
kénh Nghia Hung (Cum céng trinh kénh dao nbi
song Pay — Ninh Co) thudc Dy an Phét trién giao
thong van tai khu vyc dong bang Bic Bo (Dy an
WB6), nam trén dia ban huyén Nghia Hung, tinh
Nam Dinh.

Toan canh Dy an kénh Nghia Hung (Cum cong
trinh kénh dao noi séng Day — Ninh Co) thudc
Du dn Phdt trién giao théng vin tdi khu viee dong
bang Bic Bo (Dw dn WB6), nam trén dia ban
huyén Nghia Hung, tinh Nam Dinh.

Du 4n WB6 1a du 4n 16n nhét tir trude dén
nay duoc dau tu vao ha tang duong thily noi dia &
khu vuc phia Bic, duoc thuc hién trén pham vi 14
tinh, thanh phé. Pay 13 budc dot pha trong cai tao
hé thdng ha tang duong thuy noi dia, két ndi van
tai thiy noi dia khu vuc v6i van tai ven bién, phuc
vu phat trién kinh t& — xa hoi, giam ganh ning cho
duong bo.

Kénh dao ndi song Pay — Ninh Co nim ¢
huyén Nghia Hung, dugc khéi cong cudi nam 2020,
trén dién tich khoang 45 ha. Dy 4n c6 tong muc diu
tu 101 triéu USD (khoang 2.300 ty dong), tir ngudn
vbn cia Ngan hang Thé gi6i.

Cum cong trinh kénh ndi song Pay — Ninh
Co, gom céac hang myc chinh:

Tuyén kénh ndi giira song Day va séng
Ninh Co véi chiéu dai khoang 1km; chiéu rong day
kénh 90-100m;

Au tau véi kich thudc trong budng au rong
17m, dai 179m va d¢ sau day 7m; h¢ théng neo cd dinh
3 mirc nude van hanh gém 12 cum neo; 2 khu cho tau
déu hai song, moi du ¢ 7 tru neo, 3 cau bo hanh;

Céu vuot kénh ndi song Pay — Ninh Co véi
tinh khong 15m, két cdu bé tong cdt thép, chiéu dai
cAu 777,9m, bao gém 18 nhip dam Super-T, chiéu
dai dudng dan 1.497m. Piém diu cau tai Km31+285,
diém cudi tai Km33+260 dudng tinh 490C;

Mot s6 hang muyc phu tr¢g nhu: H¢ théng
phao ti€u bao higu, trong cay, dé hoan tra, hé¢ thong
thuy loi, dién va thong tin lién lac...

bi co khi, két cdu thép theo hop dong da dwoc ky tai
Nha may Co khi Ché tao Thiét bi Hai Durong.
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Dy 4n gdbm 5 go6i thau xay lip chinh, trong
do, goi thau CV-A2.6-NDTDP xdy dung dau 4u,
tuong chan va tuong dan hudéng, nha diéu hanh,
nha kho va thiét bi co khi; thiét bi dién 1a Lién danh
Cong ty C6 phan LILAMA10 — Cong ty Co6 phan
Tu vén va Xay dung Pht Xuan — Cong ty C6 phan
Xay dung Dé ké va Phat trién Nong thon Hai Duong
trang thau 418,329 ty dong (gia goi thiu 419,203 ty
ddng).

= i

Cdn bé, cong nhan vién Cong ty Co phan LILAMA
10 thi cong tai dw an véi muc tiéu an toan, chat
lwong va tien do.

Ngay sau khi c6 két qua lua chon nha thau,
LILAMA 10 di phdi hop cung cac ddi tac tién hanh
thuc hién dﬁy du cac thi tuc trién khai thi cong cong
trinh va nd luc thuc hién cac giai phap dong bo dé
day nhanh tién do thi cong. Du an di hoan thanh
dung tién do vao ngay 30/6.

Cong trinh hoan thanh va dua vao khai thac
d3 gop phan giam thiéu khoang cach van chuyén
khoang 100km so vdi duong bg, giam chi phi van
tai hang hoa so véi trude day, gop phan thac diy
tang truong kinh t& — xa hoi ciia cac tinh khu vuc
ddng bang Bic B9, trong dé c6 tinh Nam Dinh va
Ninh Binh.

l.":l|r i

Ky sw LILAMAIO tai phong diéu khién trung tam —
diéu khién dong mé cira du tau.

Cic ky sw thiee hién thao tac gidm sat, huéng dan tau

thuyén ra vao khu vuc au tau dwoc dam bdo an toan.

Qua hon 40 niam xay dung va phat trién,
Cong ty CH phan LilamalO di tham gia lip dat
va dua vao st dung hang tram cong trinh 16n nho
thudc cac linh vuc cong nghiép, dan dung, van ho4,
qudc phong. .., ghi diu 4n thuong hiéu LILAMA10
trén nhiéu cong trinh trong diém cta dat nudec. Vi
viéc hoan thanh vai tro EPC du an Cum cong trinh
kénh dao nbi song Pay — Ninh Co duoc vi 1a kénh
dao “Panama Viét Nam”, tap thé can b cong nhan
vién, nguoi lao dong LILAMAI10 tiép tuc viét nén
nhiing trang st vé vang cua don vi Anh hung Lao
dong. <

NGAN GIANG
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