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NGHIEN CU’U - TRAO BOI

THIET KE, GIA CONG VA DANH GIA GIA PO CHINH XAC BIEN
DANG CIC CUA ROTOR BO'M KIEU ROOTS

DESIGN, PROCESSING AND EVALUATION OF PROFILE ACCURACY OF CIC
ROTOR FOR ROOTS PUMP

Nguyén Thanh Tung" %, Tran Thé Vin, Vii Pirc Phiic?, Ping Quang Mén?
'Khoa Co — BPién, Truong Pai hoc Mo — Pia chat
’Khoa Co khi, Truong Dai hoc Su pham K§¥ thuat Hung Yén
’Khoa Co khi, Truong Cao ddng Kinh té — K§ thuat T6 Hiéu

TOM TAT

Nghién cuu nay nham muc dich dwa ra mot thiét ké méi cho rotor bom kiéu roots dua trén
két hop ba dwong cong la dwong tron, dwong than khai va dwong tron goi la rotor kiéu roots dang
CIC. Dit liéu diém ciia qud trinh thiét ké dwoc sir dung dé gia cong rotor trén mdy cdt ddy. P chinh
xdc bién dang cia rotor CIC khi gia céng bang mady cdt déy dwoc do bang may CMM va dwoce ddnh
gid théng qua cdc so sanh vé sw tring khép giiva bién dang rotor tinh theo Iy thuyét va bién dang
rotor theo dit liéu do. Két qud so sanh di liéu diém giita bién dang rotor CIC theo 1y thuyét va bién
dang rotor theo két qua do dd chi ra rdang sai sé giita ching rdt nhé, I6n nhdt ciing chi la 0,007
(mm). Két qua nay cho thdy sir dung may cdt déay dé gia céng rotor CIC la mot phicong dn kha thi
va cho do chinh xac bién dang cao.

Twr khéa: Rotor CIC; D¢ chinh xac bién dang rotor; Gia céng rotor CIC.
ABSTRACT

This research aims to present a new design for a roots-type pump rotor based on a combination
of three curves: circle, body, and circle called a CIC roots-type rotor. Points data of the design
process is used to machine the rotor on the wire discharge machine. Profile accuracy of the CIC
rotor after machining was measured by the CMM machine and evaluated through comparisons of
the agreement between the theoretically calculated rotor profile and the rotor profile according to
measurement data. The results of comparing point data between the theoretical CIC rotor profile
and the measured rotor profile have shown that the error between them is tiny, the largest is only
0.007 (mm). This result indicates that using a wire discharge machine to produce CIC rotors is a
feasible option and provides high profile accuracy.

Keywords: CIC rotor; Rotor profile accuracy,; CIC rotor machining.
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1. GIOI THIEU

Bom chan khong kiéu roots dung dé
van chuyén dong chat khi va chét long trong
cac thiét bi cong nghiép. N6 duoc st dung
trong nhiéu nganh k¥ thuat nhu: Co khi, xay
dung va y té.... B6 phan quan trong nhat tao
ra uu diém vé dic tinh k¥ thuat va kha ning
lam vi¢c cua bom la rotor bom vi by phan nay
anh huong truc tiép dén luu luong, cot ap, toc
do dong chay va dac tinh rung dong ctiia bom.
Mot s6 cach hinh thanh bién dang rotor bom
kiéu roots d3 dugc mot sd tac gia dé xuit nhu
hinh thanh bién dang rotor tir ho dudng cong
don dang Cycloid, dang cung tron hodc dang
than khai [1-3]. M6t s6 nghién ciru hinh thanh
bién dang rotor bang cach t6 hop nhiéu dudng
cong lai v&i nhau [4-7]. Do dac tinh phtrc tap
ctia rotor nén hudng nghién ciru vé cong nghé
tao hinh cho rotor bom kiéu roots ciing dugc
cac nha nghién ctru quan tam [8-11]. C6 hai
phuong phap chinh dé gia cong rotor dang roots
1a phuong phép gia cong bang dao phay dinh
hinh [12] va gia cong bang may cat day [13].
Trong d6, phuong phép gia cong bang may cat
day c6 wu diém 1a dé sir dung, chi phi thap va
phil hop vé6i cac bién dang khong xodn. Mot
trong nhiing chi tiéu quan trong khi gia cong
rotor 1a danh gia do chinh xéac bién dang cua
nod, boi vi do chinh xac bién dang cia rotor anh
huong 16n dén dic tinh tiép xtc va kha ning
lam viéc ctia bom.

Nghién ctru ndy tap trung vao viéc dé
xuat mot sy hinh thanh bién dang rotor bom
kiéu roots dwa trén su két hop cua ba dudng
cong la duong cung tron, duong than khai va
duong cung tron (CIC). Dya trén bién dang dé
xuét, dir liéu diém dugc st dung cho vi¢c gia
cong rotor bang may cit day. Sy phu hop giira
bién dang thiét ké Iy thuyét va thuc nghiém cia
rotor CIC duogc danh gia bang cach so sanh dit

lidu diém cua ching theo thiét ké va theo két
qua do thuc nghiém trén may CMM.

2. THIET KE BIEN DANG ROTOR KIEU
ROOTS DANG CIC

Bién dang CIC 1a bién dang duoc tong
hop boéi mot cung tron (phan dinh ring — cung
AB,), va mdt cung than khai (doan nam trén
duong chia — cung B,C,) va mot duodng tron
liép h(_):p (phan chan rang — cung C.D,), nhu
bicu dién trén Hinh 1. Trong qué trinh 1am viéc,
phan dinh cta rotor 1 s& ddi tiép v6i phan 16m
cua rotor 2 va nguoc lai. Vi vdy ma ban kinh 161
cua cung tron cua dinh rotor 1 va ban kinh 16m
clia cung tron chén rotor 2 phai bang nhau.

Hinh 1. So d6 hé truc toa do xdc dinh bién dang
rotor CIC

Hinh 2. Bién dang rotor CIC
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- Chon h¢ tryc toa d6 O x,y,z, gén trén rotor 1
va chuyén dong cung rotor;

- Hé truqc toa do O,x,y,z, gan trén va
rotor 2 va chuyén dong cung rotor;

- Chon hé truc toa do ¢b dinh Oxyz,
co tém7 O, truing O,. Truc z vudéng goc voi
mat phang hinh v€. Quy tich bién dang rotor
ctia bom duoc biéu dién trong hé truc toa do
O x,y,z, nhu sau:

+ Mot 1a bién dang phan cung tron AB.:

5;,’1535)@) =r, cost

(AsBs)( )=
5;}535) (0)=r,sin/

Yo,

0<I<I(1)

+ Hai 13 bién dang phan dudng cong
thén khai B.C.:

X (/):(r/,McosaI,)cos z- _é —(cosa, cota, sin z_ !
2N rsina, 2N rsina,

kA !
-a, |cota,*r, sin 2

(BCs) _
o,

2)

uu r(/) lcos

2N rsina,

—u<l<u
N r,sina, ¢ )

+ Ba la bién dang cung tron C.D.. Phan
chén rang bién dang C D, la duong cong lién
hop an khép véi duong chan réng’ASB s (hinh ).
Cung tron chan rang C.D, la giong hét duc‘mg
chan rang E.F, vano du:oc xac dinh boi chuyén
truc toa do dong nhit duong cong A B, tir h¢
toa do O, sang h¢ toa do O,. Do do, du:ong cong
chan réng C,D, co thé thu duqc bang cach quay
doa‘n E.F, Qi m(f)t‘ gdc 3 = (N — 1)n/N ngugc
chiéu kim dong ho quanh truc z:

Xy *™ (£) = 2r, cos(§—£) + 1, cos(9+3/)

(Cst)( )= . . .
vy (0)=2r,sin(3— L) +r, sin($+30)

Iy

Str dung phuong trinh ma tran chuyén
truc toa do dong nhat tr hé toa do O, x,y, z
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sang O,x,y,z,. Quy tich bién dang CIC cua
rotor trong h¢ truc toa do O,x,y,z, dugc cho
nhu ¢ phuong trinh (4) va phuong trinh (5).
Phuong trinh an khop gitra rotor chu dong va
rotor bi dong dugc biéu dién nhu trong phuong
trinh (6) dudi day:

cos’g-sin’¢ —2cosgsing —E, cosg || X, (7)
r,(1.0) =M, (@), (1)=| 2cosgsing cos’g-sin’g -Esing || y, () |(4)
0 0 1 |
n, (7,4) =L, (¢)n, (7) (5)

(r, cosg—x, (TP, (2.9)+ (1, sing—y, (.97} (7.4) =0 (6)

Trong do: L, (¢) la ma tran con trén bén
trai c& (2x2) clia ma tran chuyén truc dong nhat
M, () c& (3x3).

Str dung cac phuong trinh (4), (5) va
(6), nguoi ta co thé thiét ké dugc cac bién dang
rotor bom roots dang CIC nhu hinh 2.

3. GIA CONG ROTOR BANG MAY CAT
DAY

Do bién dang rotor bom kiéu roots
khong thay doi trén subt chiéu dai ciia nd va
canh cua rotor CIC khéng c6 dang xodn nén
phuong phép gia cong phu hop 1a st dung may
cit day. Nghién ciru sir dung may gia cong rotor
1a may cit day DK 7730 voi cac théng sé: Kich
thudc ban may: 360x540 (mm); Hanh trinh gia
cong: 300x360 (mm); Chiéu cao cat tdi da: 400
(mm); Téi trong mét ban may: 200 (kg); Tbc do
gia cong ti da: 120 (mm?¥/phut); D6 bong bé
mit tot nhat: Ra 2,5 (um); Trong luong: 1250
(kg).

Dbi véi gia c6ng trén may cat dﬁy, mot
s6 nghién ctru da chi ra rang: cac thong sO cong

nghé chinh anh huorng t6i nang sudt va chat
luong gia cong gom: dién 4p danh tia ltra dién
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U, =90 Von, d6 kéo dai xung t. = 0,5s, khoang
cach xung t, = 10s, tbc do cit v = 110 mm?¥
phut va cuong do dong dién (I) [9-11]. Vat li¢u
ché tao rotor 1a thép khong gi SUS304. Mot sb

thanh phén hoa hoc va dac tinh co hoc chinh
cua Inox-SUS304 dugc cho ¢ bang 1:

Bang 1. Thanh phd‘n hoa hoc cua vat liéu SUS 304

Nguyén t6 C Mn P

S Cr Ni Si

Ty 1€ % 0.08 2 0.045

0.03 18 10 1

Hinh 3 14 hinh anh cu thé cua may gia
cong va mau rotor dang CIC 3 canh da gia
cong.

a) May gia cong

b) Mau rotor
Hinh 3. Mdy va mdu sau gia cong

4. PANH GIA PQ CHINH XAC BIEN
DANG ROTOR CIC BANG MAY PO CMM

Két qua do bién dang cta rotor s& duoc
thuc hién trén may do toa d@ CMM loai Global
07.10.07 Image clima Technical data. Két qua
do bién dang thuc nghiém s€ duogc so sanh voi
két qua bién dang thiét ké theo 1y thuyét dé
danh gia do chinh xac bién dang cua rotor dang
CIC cta bom roots. Mau rotor va thiét bi do
CMM duogc cho trong hinh 4.

Qua trinh do duoc thuc hién nhu sau:

- Bude 1: Xac 1ap hé truc toa do cho
rotor can do:

- Budce 2: Tién hanh do;

- Budc 3: Xt 1y dir liéu do va danh gia
sai sb.

> o}

Hinh 4. Mau rotor va may do CMM

S6 liéu sau khi do dugc cho dudi dang
toa do (véc-to dinh vi r cia cac diém do). Khi
do, toa do trong hé do ciia may khong trung
voi toa do gia cong rotor, nén dé xir ly sb lidu
do, ching ta can dua toa do diém do vé toa do
gia cong. Toa dd nay cling trung vdi toa do 1y
thuyét khi xdy dung phuong trinh bé mit. Khi
do, viée xac dinh sai sd s& don gian hon.
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Theo [13], sau khi x4c dinh dugc toa
do diém M; cua phép do (cac véc-to vi tri r),
ta tién hanh tim phuong trinh khoang cach cua
cac dwﬂm Mj so voi duong cong ndi suy tu dir
liéu diém tinh tr cac phuong trinh (4), (5) va
(6), n6 c¢6 dang nhu sau:

8, (u) =|r, —1,(w) (7)

Trong dd, r(u) vec-to vi tri cua diém
tuong ung voi dlem M, trén duong noi suy Iy
thuyét. Gia tr1 cuc tleu cua phuong trinh (7)
chinh 12 sai s giita bién dang do va bién dang
Iy thuyét ciia diém M, n6 duoc xac dinh tir diéu
kién cuc tri:

0

—0.(u)=0 8
50 . .
e T
30| ===~ Du leu Iy thuyet |__
= = Du heu do
g, | | T R s
10}-------4
0 ! !
20 25 a0 35

Hinh 5. So sanh bién dang Iy thuyét va bién dang
do cua rotor
0.008
0.006
0.004
0.002

0
0 50 100 150 200 250

Hinh 6. Sai s6 bién dang Iy thuyét va bién dang do
cua rotor
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Hinh 5 c6 thé thay bién dang rotor ly
thuyét va bién dang rotor do thuc nghiém sau
gia cong bang may cat diy ¢ cac diém kha
trung khép. Piéu nay cho thdy gia céng rotor
dang CIC bang may cat day 1a mot phuong an
phti hop va cho d6 chinh xac kha cao. Sai s6 cu
thé giira bién dang 1y thuyét va bién dang ¢ cac
diém duogc cho trén hinh 6. Co thé thdy rang
sai s6 16n nhét giita bién dang 1y thuyét va bién
dang do cua rotor CIC khi gia cong bang may
cit day chi 14 0.007 (mm). Sai s6 nay rat nho,
hoan toan c¢6 thé chap nhan trong thuc té. N
con cho thiy gia cong rotor CIC bang may cit
day cho d¢ chinh xac bién dang cao.

5. KET LUAN

Thiét ké, gia cong va danh gia do chinh
xac bién dang cua rotor la nhirng nhiém vu can
thiét, mang tinh tuan ty va tinh phan hdi cta qua
trinh thiét ké va gia cong rotor nham théa man
muc dich nang cao kha nang lam vi¢c va hi¢u
sudt cta bom kiéu roots. Nghién ctru nay da dé
xuit mot bién dang mdi cia rotor bom kiéu roots
trén co s két hop cac duong cong cung tron,
duong than khai va cung tron goi la rotor dang
CIC. Ngoai ra, nghién ciru ciing dé xuét va thu
nghiém gia cong rotor CIC bang may cit day va
danh gia do chinh xac bién dang cua rotor sau
khi gia cong. Trén co s& cac két qua cua nghién
ctru, mot s6 két luan duoc rit ra nhu sau:

- Két hop cac dudng cong cung tron,
duong than khai va cung tron 1a mgt phuong an
kha thi dé thiét ké bién dang rotor méi cho bom
kiéu roots. Biéu thirc cho viéc x4c dinh dit ligu
diém cia bién dang rotor duoc dua ra 16 rang &
cac biéu thic (4), (5) va (6);

- Str dung may cat day 1a mot phuong
an don gian, dé sir dung dé gia cong bién dang

rotor CIC;
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- B§ chinh x4c bién dang cua rotor cé
thé dugc danh gia thong qua so sanh dit lidu
diém theo 1y thuyét va theo két qua do thuc
nghiém trén may CMM. Két qua so sanh cho
thdy sy tring khop kha cao gita bién dang
rotor 1y thuyét va bién dang rotor sau gia cong
(trén 99%). Két qua nay khang dinh gia cong
rotor CIC trén may cat day 1a mot lwa chon phu
hop, dam bao do chinh xéac bién dang rotor va
hoan toan kha thi trong san xuat. «»

Ngay nhan bai: 12/4/2024
Ngay phan bién: 28/5/2024

Tai liéu tham khao:

[1]. Faydor L. Litvin and Alfonso Fuentes, 2004.
“Gear Geometry and Applied Theory”, the
second edition, Cambridge University Press.

[2]. Hwang Y-W, Hsieh C-F, 2006. “Study on high
volumetric efficiency of the Roots rotor profile
with variable trochoid ratio”. Proceedings
of the Institution of Mechanical Engineers,
Part C: Journal of Mechanical Engineering
Science. 220(9): 1375-1384.  https://doi.
org/10.1243/09544062JMES176.

[3]. Chiu-Fan Hsieh, Yii-Wen Hwang, 2008.
“Tooth profile of a Roots rotor with a variable
trochoid ratio”, Mathematical and Computer
Modelling, 48 (1,2), 19-33, https://doi.
org/10.1243/09544062JMES176.

[4]. Chiu-Fan Hsieh, 2015. “A new curve for
application to the rotor profile of rotary profile
of rotary lobe pumps”, Mechanism and Machine
Theory, (87), 70-81, https://doi.org/10.1016/j.
mechmachtheory.2014.12.018.

[5]. Kang, YH., Vu, HH, 2014. “A4 newly developed
rotor profile for lobe pumps: Generation and
numerical performance assessment”. J Mech Sci
Technol, 28, 915-926. https://doi.org/10.1007/
$12206-013-1159-7.

[6]. Ligang Yao, Zhonghe Ye, Jian S. Dai, Haiyi Cai,
2005. “Geometric analysis and tooth profiling of
a three-lobe helical rotor of the Roots blower”,
Journal of Materials Processing Technology,
(170)(1-2): 259-267, https://doi.org/10.1016/].

jmatprotec.2005.05.020.

[7].MimmiG, PennacchiP, 1999.“Analytical model ofa
particular type of positive displacement blower”.
Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical
Engineering Science.;213(5):517-526. https://
doi.org/10.1243/0954406991522743.

[8]. Lé buc Tung, 2022; “Nghién ciru anh huong cua
mét s6 thong sé cong nghé téi nang sudt va do
nham bé mdt khi gia céng banh rang khéng tron
trén may cdt day”, Luan van Thac si k¥ thuat Co
khi, Truong Pai hoc Su pham Ky thuat Hung
Yén.

[9]. Phan Ngoc Tuan, Duong Qubc Hiéu, Tran Thé
Vin, Vii Dte Phc, 2023; “T6i wu héa dé nham
bé mat khi gia céng rotor ciia bom chén khéng
trén may cdt ddy bang phwong phdp Taguchi”,
Tap chi Khoa hoc va Cong nghé, Truong Dai
hoc Su pham K§ thuat Hung Yén,; 37; 117-122.

[10]. Vi Quang Ha, 2012; “Nghién cuu dnh huong
ciia ché dg cong nghé dén nang sudt va chdt
lwong bé mat khi gia cong bang phicong phdp
cat day tia lwa dién”, Luan an Tién si K¥ thuat
nganh Cong nghé Ché tao may, Truong Dai hoc
Bach Khoa Ha Noi.

[11]. Gadakh, V. S, 2012. “Parametric optimization of
wire electrical discharge machining using topsis
method”, Advances in Production Engineering
& Management 7, 3, 157-164. https://doi.
org/10.14743/APEM2012.3.138.

[12]. Minh-Thuan Hoang, Yu-Ren Wu, 2021. “Error
compensation method for milling single-threaded
screw rotors with end mill tool”, Mechanism
and Machine Theory, 157, 104170, https://doi.
org/10.1016/j.mechmachtheory.2020.104170.

[13]. Hoang M-T, Wu Y-R, 2021. “Inter-lobe
clearance estimation for twin-screw rotor pairs
with  point-meshing features”. Proceedings
of the Institution of Mechanical Engineers,
Part E: Journal of Process Mechanical
Engineering.;235(2):560-570. https://doi.
org/10.1177/0954408920971399.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, So6 318, thang 8 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



