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TOM TAT

Trong linh vyc khai thac khoang san ham 10 nhu thai thac than, khai thac dau khi, van dé an toan Chay
né duoc dua nén hang dau bai vi mirc @6 nguy hiém va thiét hai het sic nghiém trong, to Ion vé ngudi va
tai san néu nhu xay ra tai nan. Mot trong nhing nguyén nhan chu yéu cua tai nan chay nd trong ham 106 13
do sy ro ri dién nang tir nhig diém dong ngat trong céc thiét bi chiéu sang, thiét bi khai thac, lam phét
sinh cAc tia lira di¢n gay chay no khi ton tai trong cc duong ong, duong ham khai thac.

Trong bao céo nay, ching toi nghlen cuu cong nghé truyen nang lugng khong day (WPT) 1ng dung
trong qua trinh khai thac va san xuat khoéang san ham 10 nham nang cao mirc d6 an toan truyén tai dién
nang va giam thiéu tai nan chay no. Céng nghé WPT két ndi giira cac thiét bi tiéu thu dién ning thong qua
cong huong tur trudng, dién truong trén cac cudn ang-ten ma khong can sir dung céc thiét bj dong ngit tiép
xuc dién nhu cong tic, aptomat. Str dung tan s fo = 13,5 MHz, véi hé thdng 4 cudn cong hudng ching toi
dat duogc hiéu suat truyén dan 92% & khoang céch truyén 22 cm.

Tir khéa: Truyén niang lwong khong day, cong huang tir.

1. Gigi thiéu

Cong nghé WPT duoc dé xuat va thuc nghiém bai Nikola Tesla vao nam 1891 (Tesla 1891). Céng nghé
WPT gilip cung cap ning lugng dién tai cac thiét bi ma khong can két ndi bang day dan hoic cap dién, vi
vay cong nghé nay rat tién lgi cho rat nhiéu ung dung nhu trong cong nghiép (Kindl et al. 2020; Wu et al.
2020) va dan dung (BAYRAKTAR and YILDIRIZ 2020; Hasaba et al. 2019), ciing nhu trong mot s6 linh
vuc dic biét nhu y hoc (Zhang et al. 2019), quan su (Masrur and Cox 2019), v.v.. Cho dén nay, cong nghé
WPT di thu hut nghiéu nha khoa hoc nghién ciru va phat trién vi kha nang tng dung manh mé ciia ching.
Trong tuong lai, WPT s& la mét trong nhitng cong nghé tién tién gép phan vao su phét trién nén van minh
nhan loai.

Gan day, viéc khai théc khoang san ham 16 dugc sir dung nhiéu hon do nhing kho khin trong viéc khai
thac 16 thién da dat dén do sau “ti han” ca vé thiét bi ki thuat Ian tinh kinh té. Trong ham 10 khai thac
khoang san nhu ham 16 khai thac than, c6 nhiéu loai khi tich tu trong duong 10, nhiéu tdi khi trong long dét
dé chay né nhu khi metan. Nguy co chay nd khi metan, nd bui than 1 rat cao khi phat sinh sy ro ri dién
nang tir nhitng diém dong ngat trong hé thong dién mo. Vi vay, viéc nghién ctru tng dung cong nghé khdng
day WPT trong truyén tai dién ning & cac mo ham 16 nham nang cao mic do an toan truyén tai dién, giam
thiéu nguy co tai nan chay né do tia lira dién 1a can thiét, c6 kha nang (g dung, tinh hiéu qua cao va 1a xu
thé cuia thoi dai. Ngoai linh vuc khai thac khoang san ham 10, cdng nghé WPT con c6 thé tng dung trong
nhleu linh vuc khac do viéc truyén ning lugng khong day c6 thé thuc hién trong cac moéi truong khi co
ndng do cao va cac mdi trudng long nhu nude bién.

2. M6 hinh ly thuyét va phwong phap mé phéng
2.1. M6 hinh ly thuyét mach dién twong dwong

Hé théng WPT sir dung bén cuon day bao gom hai cudn day ang-ten Cugn-1,4 va hai cuon day cong
huwdng Cudn-2,3 ¢é tan sb cong huong la fo = 13,5 MHz. Hinh 1 1a md hinh mach dién cua hé théng bén
cuon day.
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Cudnday-1  cuonday-2  Cuon day-3 Cudn day-4
Hinh 1. M6 hinh mach dién cia hé thang bon cugn day.

Tro khang cua cac cudn day duge xac dinh theo cong thuc:

Z,=Rs +R + joly; Z, =R, + jol, +- ;
joC, )

. 1 .
Zy =R+ jols +- v Zy=R_ +R,+ jol,
JoCy

trong d6 R, R, 1an luot 14 cac di¢n tro trong caa nguon phat va tai.
Hé s6 lién két giita cac cuon day duoc xéac dinh theo cong thic:
My =k;JGL; @
Ap dung dinh luat Kirchhoff, hé¢ phuong trinh dién ap trén cac cudn dugc xac dinh theo cong thuc:
hWZ, +iy joMy, =Vg
i,Z, +i joMy, +igjoM 55 =0

. o e 3
1375 +1y joM o3 +iy joM3, =0
iyZ, +igjoMg, =V,
Giai h¢ phuong trinh (3), ta thu duoc ti s6 dién ap Vi/Vs nhu sau:
Vi _ j0°MMasMay Ry +RL) 4)
Vs 2,2,2,7, +Z,Z,0* MG + Z,Z,0°MZ, + Z,Z,00° M2, + 0" M5M 2,
Hé sb truyén qua Sz1 dwoc xac dinh theo cng thirc sau:
R
|521| =2-8 [ ®)
Vs VR
Dé dat hiéu qua khi do thong s6 Sy, dién tro trén cac ang-ten can gia tri nhu sau:
Rs +R ~R_+R, ~50(Q)
Cong thirc tinh hiéu suat PTE cua hé thong dugc xac dinh theo cong thic sau:
Vv 2
PTE =100(S,, |’ leO( v_Lj (6)
s

Dua trén cong thie (4), (5) va (6), cd thé thay hiéu suat truyén niang lugng qua hai cugn day chiu anh
huaong bai cac hé s6 lign két kij cua cac cudn day cam ung trong hé théng. Cac hé s6 lién két ki phu thuge
vao khoang cach va tinh chat dién moi ciia méi trudng xung quanh céc cudn day. Vi vy, dé dat dugc higu
suét truyén ning lugng cao nhat, chung toi can phai tdi wu hoa cac hé sé lién két nay. Bang phuong phap
tinh toan va md phong, chiing toi da khao st sy anh huong cua khoang cach truyén, goc quay giita cac
cudn day toi hiéu suat cua hé thong.

2.2. M6 hinh mdé méng trén HFSS

Hinh 2 mé ta hé thong WPT sir dung bén cudn day dugc xay dung trong phan mém mé phong HFSS
cung céc ki hiéu khoang céach va goc. Cac cu0n day duoc 1am bang dong (Cu) va ¢ duong kinh day quin
14 5 mm. Cuon CD; va CDy c6 kich thudc giéng nhau. Khi hoat dong, cugn CD1 dugc ni véi ngudn cong
Suat phat RF tai tan s6 13,5 MHz va cudn CD4 duoc ni vai tai.

Hai cudn cong huéng CD, va CD; gidng hét nhau vé thong sb vat Ii. M3i cudn dwoc thiét ké 6 vong
cling trén mot mat phing va khoang tréng gitra cac vong la 3 mm. Vi thiét ké nay dién cam caa cudn day
dugc xac dinh bang phan mém Q3D la 12,837 uH va giira hai dau day cua cac cudn nay dugc han véi tu
dién co dién dung 10,8 pF dé tan s6 cong huong cua cac mach 1a 13,5 MHz. Thong sb ky thuat ciia cac



cudn duoc mo ta chi tiét trong Bang 1. Hé s6 kos phu thudc vao da va a duoc xac dinh bang phan mém Q3D,
mo ta chi tiét trong Bang 2 va Bang 3.

(b)

(©

Hinh 2. (a) M6 hinh md phdng cua hé thong truyén nang lwong sir dung bon cugn day, (b) khoang cach
giira cac cugn day, (c) goc quay a gizza cac cugn day.

Bang 1. Thong sé A7 thugt cuia cac cugn day

Cudn-1 (CD1) | Cudn-2 (CD;) | Cudn-3 (CD3) | Cudn-4 (CDg)
R () 50 0,56 0,56 50
L (uH) 0,685 12,837 12,837 0,685
C (pF) - 10,8 10,8 -
Tan s0 cong hudng (MHz) - 13,5 13,5 -
Sb vong 1 6 6 1
Bén kinh cudn day (cm) 13 10 10 13
Bén kinh tiét dién day (mm) 2 2 2 2
Khe h¢ giita cac vong (mm) - 3 3 -
K2 k23 Kaq di (cm) dz (cm) ds (cm) a(°)
0,328 0,068 0,328 5 22 5 0-90
Bdng 2. Su thay doi gia tri hé sé lién két kas theo khodng céch ds.
dz (cm) 5 6 7 8 9 10 11 12 13
ko3 0,45 0,38 0,33 0,29 0,26 0,23 0,21 0,18 0,16
d2 (cm) 14 15 16 17 18 19 20 21 22
k23 0,14 0,13 0,12 0,11 0,099 0,09 0,082 0,075 0,068
d2 (cm) 23 24 25 26 27 28 29 30
k23 0,062 0,057 0,053 0,048 0,045 0,041 0,038 0,036
Bdng 3. Sur thay déi gia tri hé so lién két kos theo goc quay a.
a (%) 0 10 20 30 40
ko3 0,0686 0,0685 0,0686 0,0685 0,0674
a (°) 50 60 70 80 90
k23 0,0638 0,0554 0,041 0,021 0,002

Chung toi thiét 1ap chuong trinh mé phong véi dai tan sé tir 10 dén 17 MHz véi budc nhay 12 0,02 MHz.
Dé khao sét sy anh huong cia khoang céch giira cac cuon dén hiéu suét truyén niang luong, ching toi cd
dinh khoang cach d; va ds trong khi d, thay doi tir 5 d&én 30 cm. Truong hop khao sat sy anh huéng cua goc
quay « toi hiéu suat truyén nang lugng, chung toi dat khoang cach dz = 22 cm va thay d6i goc quay a tir 0
dén 90 do. Cac két qua dat dugc duoc ching toi thao luan & phan tiép theo.

3. Két qua va thao luan

Hinh 3 1 két qua so sanh hé sb truyén qua Sz1 va hiéu suit truyén ning lwvong PTE khi khoang cach d,
thay déi. Két qua cho thiy tring khop gitta phuong phép md phong va phuong phép tinh toan ly thuyét
theo md hinh mach dién twong duong. O Hinh 3(a), hé s truyén qua Sy glam khi khoang céch d, tang 1én.
Diéu nay dugc giai thich 1a do hé s6 lién két ka3 giita cuon cong husng CD, va CDs giam khi d ting. Theo
két qua md phong khi d; tang tir 22 dén 30 cm thi S giam tuong tng tir 0,99 t6i 0,77, va theo két qua tinh
toan bang cong thuc (5) thi Sy giam twong timg tir 0,98 t6i 0,77 tai tan s6 13,5 MHz. C4 thé thay rang, két
qua md phong kha tring khép voi két qua tinh toan theo cong thuc i thuyét.
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Hinh 3. (a) Két qua so sanh hé so truyén qua Sy va (b) hiéu suat PTE giiza hai phuong phdp mo phong
va tinh toan Iy thuyér khi thay déi khoang céch truyén nang lirong da.

Hinh 3(b) la két qua so sanh PTE giita md phong va tinh toan ly thuyét. Két qua cho thay, hiéu suat bi
giam khi khoang cach d; tang 1én. Theo két qua mo phong, khoang céch ds tang tir 22 dén 30 cm thi PTE
giam twong ung tir 99 t&i 77%, va theo két qua tinh toan theo cong thire (6) thi PTE giam twong timg tir 98
t6i 77% tai tan s 13,5 MHz.
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d, (cm)

@
Hinh 4. Hé s truyén qua Sz thay doi theo da trén do thi 2-D (a) va trén d@é 3-D (b).

Hinh 4 trinh bay két qua khao sat Sy khi d thay ddi tir 5 dén 30 cm. DS thi cho thay khi ds tang tir 22
cm t&i 30 cm thi duong dic tinh S; chi c6 mot dinh cong huong tai 13,5 MHz. Nguoc lai khi dp giam tir
22 cm t6i 5 cm, trén duong dac tinh Sy; ¢d hai dinh cong hudng va khoang cach gitra hai dinh cong huong
nay tang dan khi dz giam. Diéu nay duoc giai thich khi d2 giam din téi hién twong hd cam gitra hai cuon
day tang 1én, két qua Ia tan sb fo ctia hai cuon day da tach thanh hai tan s6 f va fu (fL < f) dugc xac dinh
theo cong thac (Hong and Lancaster 2001):
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Hinh 5. (a)-(b) Phan bé tir trweong va (c)-(d) phan bé dién truweong trén hé thong truyén nang heong twong
1ng vdi do, = 25 cm va 30 cm.

Hinh 5(a)-(b) mo ta su phan b mat do tir truong cua hé thdng WPT 4 cudn day tuong tng véi khoang
cach d = 25 va 30 cm tai goc a = 0°. Tir d6 thi cho thay mat do tir truong phan bé trén cuon CD; va CDy
tai d2 = 25 cm 16n hon tai gi tri d2 = 30 cm. Hinh 5(c)-(d) md ta sy phan b mat d6 dién trudong cua hé
thong. Két qua cho thiy mat do dién truong phan b trén cuon CD3 va CD, tai d; = 25 cm ciing 16n hon tai
d> =30 cm.
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Hinh 6. (a) Két qua so sanh h¢ s truyén qua Sz va (b) hiéu suat PTE giita hai phiwong phdp mé phong
va tinh toén ly thuyer khi thay doi goc quay a.

Hinh 6 m6 ta su so sanh hé sb truyén qua Sz va hiéu suat truyén ning luong PTE khi géc quay a thay
ddi. Két qua cho thay trung khop giita phuong phap mo phong va phuong phap tinh toan 1y thuyét theo md
hinh mach dién tuong dwong. Hinh 6(a) cho thiy hé sé truyén qua Sz bi giam khi géc quay a ting 1én. Piéu
nay duoc giai thich 1a do hé sé lién két ks gitra cudn cong hudng CD, va CD; giam khi a tang. Theo két
qua md phong khi a = 0, 30, 60, 70 va 90° thi Sy; giam twong tng 1a 0,99, 0,98, 0,94, 0,77 va 0,33. Theo
két qua tinh toan ly thuyét thi Sz giam twong tirng tir 0,98, 0,97, 0,95, 0,78, va 0,33 tai tin sb 13,5 MHz.
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Hinh 7. (a) Két qua khdo sat hé so truyen qua Sz thay doi theo o trén do thi 2-D va (b) trén do 3-D.

Hinh 7 mo ta két qua khao séat Sy khi o thay doi tir 0 dén 90° tai khoang céch dz = 22 cm. Két qua cho

thy khi géc o ting dan tir 0 dén 50° thi hé s6 truyén Sz suy giam khong dang ké. Khi géc « tang tir 30 dén

80° thi hé s6 truyén qua suy giam nhanh va gan nhu bang 0 tai goc o = 80° va cho téi 90°. Nguyén nhan 1a

do khi goc o tang dan, lugng tir thdng cua cudn CD, quét qua cudn CD3 giam dan, vi vay Sy suy giam

tuong wng. Bac biét, khi goc « trong khoang 80-90° gan nhu tir théng tir cuon CD2 khoéng quét qua cudn
CD3, do d6 Sz gan nhu bang khong.

Hinh 8. (a)-(b) Phan b tir triong va (c)-(d) phan bé dién trieong trén hé thong truyén ndng heong twong
ung véi géc o = 0° va 70°.

Hinh 8(a)-(b) md ta sy phan b mat do tir trwong cta hé théng WPT 4 cudn day tuong Gng véi goc o =
0° va 70° tai khoang cach dz = 22 cm. Tir d thi cho thdy mat dé tir truong phan bé trén cuén CD3 va CDy
tai g6c a = 0° 16n hon tai gié tri goc o = 70°. Hinh 8(c)-(d) md ta sy phan bé mat do dién truong cua hé
thdng. Két qua cho thdy mat do dién truong phan bé trén cuén CD3 va CDa tai géc o = 0° ciing 16n hon tai
a=70°.
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Hinh 9. So sanh Sz1 va hiéu sudt cia két qua md phang, két qud tinh toan ly thuyét, va két qua do tai dz =
10 cm (a)-(b) va d» = 30 cm (c)-(d).

Hinh 9(a) so sanh hé sb truyén qua S,1 giira két qua md phong, két qua tinh toan Iy thuyét va két qua do
tai khoang cach dz = 10 cm. D6 thi cho thy két qua do twong ddi tring khép véi két qua mé phong va tinh
toan ly thuyét. Trén dudng dac tinh Sy, ta thay xuat hién hai dinh cong huong tai 12,1 va 15,3 MHz tuong
g véi Sy tir két qua mé phong 12 0,99 va 0,91, va két qua do 13 0,93 va 0,91. Hinh 9(b) so sanh hiéu suat
tuong ung tai khoang céch d, = 10 cm, két qua cho cho thay hiéu suat do dugc I6n nhat tai 12,1 va 15,3
MHz twong (ng la 86,49 va 82,81 %. Hinh 9(c) so sanh hé s truyén qua Sy giira cac két qua md phong,
két qua tinh toan ly thuyét va két qua do tai khoang céach dz = 30 cm. Trén duong dic tinh Sz, ta thay xuat
hién mot dinh cong huong tai 13,5 MHz twong ng Vai Sy tir két qua md phong 12 0,77, va két qua do 1a
0,7. Hinh 9(d) so sanh hiéu suét tuong ung tai khoang céch d, = 30 cm, két qua cho cho thy hiéu suat do
duoc tai 13,5 MHz 1a 59,29 %. St dung phuong phap phéi hop tré khéng trén cac cudon CD; va CDa, két
qua nghién ctru thu duoc hiéu suit truyén ning luong cao hon khi so sanh véi hé théng 2, 3, hay 4 cuon
trong nhirng nghién cuu trude day (Tang et all. 2016; Kiani et al. 2011).
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Hinh 10. So sanh S,1 va hiéu sudt cua két qua md phong, két qua tinh toan ly thuyét, va két qua do tai o =
0° (a)-(b) va a = 70° (c)-(d), vdi khodng cach dz = 22 cm.

Hinh 10(a) so sanh hé s truyén qua Sz gitra cac két qua mo phong, két qua tinh toan ly thuyét va két
qua do tai « = 0° va khoang cach d, = 22 cm. D6 thi cho thiy két qua do twong ddi trang khép vai két qua
mo phong va tinh toan ly thuyét. Gia tri S tir két qua mé phong 1a 0.98 va két qua do 1a 0,96. Hinh 10(b)
s0 sanh hiéu suat tuong &ng tai « = 0° , két qua cho cho thay hiéu suat do dwoc tai 13,5 MHz 14 92,16 %.
Hinh 10(c) so séanh hé sb truyén qua Sz gitra cac két qua md phong, két qua tinh toan Iy thuyét va két qua
do tai o = 70°. Trén duong dic tinh Sy, ta thiy xuat hién mot dinh cong huong tai 13,5 MHz twong &ng Vi
Sz tir két qua mé phong 12 0,77, va két qua do 1a 0,7. Hinh 10(d) so séanh hiéu suat twong tng tai a = 70°,
két qua cho cho thay hiéu suat do duoc tai 13,5 MHz 12 49 %.

4. Két luan
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Trong bai bao nay chung t6i di nghién ciru xay dyng mé hinh Iy thuyét va thuc nghiém phan tich hiéu
suat cua hé théng WPT 4 cuén day, khi thay ddi khoang céach truyén va géc quay giira cac cuon. Két qua
do va mo phong triing khép vai két qua tinh toan Iy thuyét. Trong pham vi khao sat, hiéu suat cua hé théng
dat duoc t6i 92% tai khoang céch truyén 1a 22 cm. Tuy réng, dy méi & nhirng két qua nghién ciru ban dau,
nhung chung t6i hy vong sém c6 nhiing ng dung truyen nang luong khong day trong hé thong dién ham
1o dé glam nguy co chdy nd khi. Trong nghién cau tiép theo, chlng toi s& ma rong diéu kién bai toan, dua
thém céc tham s anh huong nhu nhiét do, ndng do khi, cac loai khi,... dé téi uvu hoa hé théng.
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ABSTRACT
Application of wireless power transfer technology
for underground mining equipment

Bui Huu Nguyen®?*, Nguyen Manh Hung?, Tong Ba Tuan*
! Hanoi University of Mining and Geology, Vietnam
2 Kyung Hee University, Korea

In the field of oil, gas, and underground mining where has stringent requirements of the health, fire
safety, and the environment because it has severe consequences when having an accident. The primary
cause of the chamber blast is the leakage of electricity appearing on the switch points in the lamp and
mining equipment, giving rise to sparks causing the gas explosion in the pipes and tunnels.

In this work, we investigate a new wireless power transfer (WPT) technology applied in the process of
mining and producing mineral to improve the fire safety condition of electricity transmission and electricity
distribution. The WPT technology operates inspired by the magnetic or electric resonance of the antenna
coils without contact points such as switch and circuit breaker. By using a resonant frequency of 13.5 MHz
and four coils system, we can obtain an efficiency of 92 % at 22 cm distance.

Keywords: Magnetic resonance; wireless power transfer; WPT.



