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Tom tat:

Truyén dién khong day la gidi phap hiéu qua cho cac ing dung ma két nGi vat ly khong thuan tién
hodc khong kha thi, nhu sac xe dién, cdy ghép y sinh va tu dong hda cong nghiép. Tuy nhién, hiéu
sudt clia hé théng thutng bi han ché do hé sb két ndi dién tir thap va dién cam rd cao giilta cac cubn
day. Ngoai ra, viéc duy tri hiéu sudt cao va dau ra 6n dinh trudc su' thay ddi clia tai va vi tri clia cudn
day ciing la mot thach thirc 16n. Ngoai viéc can thiép bang diéu khién thi viéc Iua chon céc cdu tric
bu phu hgp ddng vai trd quan trong. Cac cau trdc bu co ban (Series Series — SS, Series Parallel — SP,
Parallel Series — PS va Parallel Parallel — PP) thugng dugc Iua chon cho cac hé théng yéu cau kich
thudc gon nhe, dé trién khai va chi phi thap. Bai bdo nay dé xuat phan tich va so sanh cac cau tric
bu cd ban d€ danh gia kha ndng (g dung cla tirng cdu trdc, gidp cai thién hiéu suat, dam bao dau
ra 6n dinh cling nhu tinh don gian ctia hé théng.

T khoa:

Truyén dién khong day, cau tric bl ndi ti€p-ndi ti€p, ndi ti€p-song song, song song-ndi ti€p, song
song-song song.

Abstract:

Wireless power transfer (WPT) is an effective solution for applications where the use of physical
connections is inconvenient or impractical, such as electric vehicle charging, biomedical implants, and
industrial automation. However, the efficiency of systems is often limited by the low coupling
coefficient and high leakage inductance between the transmitting and receiving coils. Moreover,
maintaining high efficiency and stable output despite load and coil position variations is also a
significant challenge. In addition to control interventions, choosing the appropriate compensation
topologies is crucial. Basic compensation topologies (Series Series — SS, Series Parallel — SP, Parallel
Series — PS, and Parallel Parallel — PP) are often chosen for systems that require compact size, easy
deployment, and low cost. This paper analyzes and compares basic compensation topologies to
evaluate the applicability of each structure, helping to improve efficiency, ensure stable output, and
maintain system simplicity.

Keywords:

Wireless power transfer, series-series, series-parallel, parallel-series, parallel-parallel compensation
topology.

1. GIOI THIEU CHUNG Truyén dién khong day (Wireless Power
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Transfer — WPT) la cong nghé truyén dién
tir ngudn phat dén thiét bi nhan ma khéng
can ddy dan vat ly. Hé thong WPT ngay
cang dugc Gmg dung trong nhiéu linh vuc
nho sy tién 11, an toan va kha nang tu dong
hoa cao. WPT duoc tmg dung trong trong
cac thiét bi dién tu tiéu dung nhu dién thoai
thong minh, laptop, cac thiét bi van phong,
trong y t& nhu cac thiét bi cay ghép vy té,
cac robot y té, cac AGV (Automated
Guided Vehicles) trong cong nghiép, thiét
bi bay khong nguoi 14i UAV (Unmanned
Aerial Vehicle), cac h¢ théng sac cho xe
dién (Electric Vehicle)...[1], [2], [3].

WPT truyén dién khong tiép xuc qua khe
hd khong khi dya trén nguyén ly cam tng
dién tir. Do khe hé khong khi 16n gittra cac
cudn day khién WPT c6 dién cam 1o 16n,
dién cam hd cam nho (hé s6 két ndi dién tir
nho), din dén hiéu suét truyén dién thap
[4]. D& nang cao hiéu suit caa hé théng co
nhiéu giai phap dugc d& xuit bao gdm thiét
ké tdi wu cudn day, tang tan sd lam viéc,
can chinh chinh xac vi tri cudn day va dac
biét 1a Iya chon céu trac mach bu phu hop
[5]. Trong truong hop thiét ké cudn day va
tan s6 hoat dong da duoc xac dinh trudc,
mach bu tr¢ thanh yéu t6 quan trong dé bu
cong suét phan khang, cai thién hi€u h¢
thdng va xac dinh cac dic tinh dau ra (dong
hodc dién ap).

Trong thyc té, WPT phai d6i mit véi nhiéu
thong sd bién thién nhu su thay d6i khoang
cach gifra cac cudn day hodc 1éch tam gitra
cac cudn day va sy thay ddi cta trg khang
tai. Do d6, mach bu can thich tmg tot véi
cac thay d6i dé dam bao hé thong hoat
dong 6n dinh va hiéu qua. Dic biét, voi cac
ung dung sac pin Li-ion, viéc duy tri dac
tinh d4u ra 6n dinh nhu dong khong ddi CC

(ISSN: 1859 - 4557)

(Constant Current), dién ap khong d6i CV
(Constant Voltage) hoic két hop (CC/CV)
13 rit quan trong [6], [7]. Viéc lya chon va
tinh toan mach bu pht hop gitp hé thong
dat dugc céc dac tinh nay ma khong can
thém mach diéu khién phtc tap.

Vé nguyén ly, trong dai tan sé kHz, mach
bu duoc tao ra bang cach ndi thém tu dién
dé cong huong v6i cudn day ca ¢ phia so
cap va thir cip, nhdm cung cép cong suat
phan khang va tao ra tr truong du manh
cho qua trinh truyén dién. O phia so cép,
mach bu gitp giam cong suat phan khang
va dat duoc diéu kién goc pha khong ZPA
(Zero Phase Angle). O phia thtr cdp, mach
bu gitip t6i da hda kha ning truyén cong
suat dén tai.

Tuy thudc vao cach ghép nbi tu bu véi
cudn day truyén va nhan, bdn ciu trac bu
co ban dugc tao thanh, bao gé)m: cAu trac
bu ndi tiép — ndi tiép (SS), ndi tiép — song
song (SP), song song — ndi tiép (PS) va
song song — song song (PP). Céc ciu truc
nay c6 uu diém la don gian, dé thi cong,
chi phi thap va phii hop cho céc hé thong
yéu cau kich thudc nhé gon. Mic du di c6
mot sd nghién ctru dé cép dén céc ciu tric
bu nay [8], [9], hién van chua c6 cac phan
tich chi tiét, phwong phap tinh toan cu thé
va so sanh dé& xuat img dung cu thé cho
ting cu tric.

Trudce nhu cdu ngdy cang ting vé viéc thiét
ké hé théng WPT don gian, hiéu qua va
linh hoat, bai bao nay dé xuat thuc hién
phan tich va so sanh bén cau tric bu co
ban. Trén co so do, cac khuyén nghi vé lya
chon cau trac phi hop cho timg ung dung
cu thé duogc dé xuat, nham dam bao cac tiéu
chi vé& cong suét, hiéu suét, dd 6n dinh va
mirc 46 don gian hoa ctia hé thong.
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2.CO SO LY THUYET

2.1. Cau truc chung cta hé théng WPT

CAu trtc chung cua h¢ théng WPT duogc
minh hoa nhu trén Hinh 1, bao gié)m hai
phia tach biét: phia so cip (truyén) va phia
thir cAp (nhan). O phia so cip, ngudn dién
xoay chiéu tir ludi dugc chinh luu thanh
ngudn mot chiéu, sau d6 cap cho bd nghich
lru cau tan s6 cao gom bén MOSFET (S1
+ 84). Dong dién xoay chiéu tan sb cao tir
bd nghich luu di qua mach bu so cip roi
dén cuodn day truyén (L1), tao ra tir trudng
bién thién dé thuc hién qua trinh truyén
dién khong day. O phia tht cip, cudn day
nhan (L2) thu nang lugng tir trudng va cam
mg ra dién ap xoay chiéu. Dién ap nay
dugc dua qua mach bu thu cép, sau do
dugc chinh luu thanh dién 4p mot chiéu dé
cép cho tai hoidc sac cho pin/ac quy.

2.2. Phan tich co s& ly thuyét

Céc cau truc mach bu co ban cua hé thong

WPT duogc trinh bay trén Hinh 2 [4]. Céac
mach bu nay duoc tao ra béng cach thém
cac tu cong hudng voi cac cudn day truyén
va nhan. Tuy theo cach ghép nbi (ndi tiép
hodc song song), bon ciu trac bu duoc tao
ra, bao gém: SS, SP, PS va PP. Trong do,
Li, L2 1a dién cam cda cudn day truyén va
nhan ; Ry, R 1a dién tré tuong Ung cua
chung; Ci, C; 1a cac tu bu ¢ phia so cép va
thr cép ; Ry 1a dién tro tai twong duwong. So
dd mach tuong dwong ctia cic cau truc bu
nay dugc trinh bay trén Hinh 3.

Mdi quan hé dién tir gitra cudn ddy so cap
va thr cap duge mo hinh hoa théng qua cac
dién ap cam ung, phu thudc vao dién cam
hd cam gifta hai cudén day va dong dién
chay qua cudn day con lai. Phuong phéap
phéan tich séng hai co ban (First Harmonic
Approximation - FHA) dugc st dung dé
phén tich nguyén ly hoat dong cia mach.
Pé don gian héa mo hinh, cac tén hao do
dién trd cia cudn day va mach bu dugc bod
qua.

Phia so' cap _ P Phia thir cip
- I E ——
S | | XD, A&D,
Sﬂ%} jé} ' Ny R |
_ Lin 1/ ole 2 -
A o Mach | Mach i iq Ubat__
(*) h biso | Li3le 1, | bithi % =
Upc| B cap : cap . Ac quy
'— l
s sJ:ﬁs 50, &0,
Hinh 1. C4u trac hé théng
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Uin

¢) Mach bu PS
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G

]

d) Mach bu PP

Hinh 2. Cac cAu tric cac mach bu co ban [4].

¢) Mach bu PS

- Zin
I“L 3 Io
Uin Cl
IUO © = R, IUO
b) Mach bu SP
Zl’
li‘L Zm> L, 1, L ’ Ip
Uin Cl
IUO S -

d) Mach bu PP

Hinh 3. So dé thay thé cac cAu tric bu co ban

Trong hé thong WPT, phia thi cép anh
huong t6i phia so cip théng qua trd khang
phan xa. Tré khang phan xa tir phia thir cap
dén phia so cap duoc ky hiéu 13 Zer va
dugce xé4c dinh theo bicu thic:

—jwMI,

Zrefl = T (1)

Trong d6, M 1a dién cam hd cam giita hai
cudn day.

Mdi quan hé giita hé s6 két ndi dién tir k
vo1 M duoc cho béi [4]:

k = )

Z, 13 trd khang phia thit cap, dugc xac dinh
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bang thuong ciia dién ap cam tng duoc
phia th@t cip (jwMI,) va dong dién thir cép

I, nhu sau:
JjowMI
r=r (3)
2

Két hop (1) va (3), biéu thuc tré khang
phan xa c6 thé dugc viét lai nhu sau:

(1)2M2

7 “4)

Zref1 =

Ngoai ra, Z: phu thudc vao céu triic bu phia
thir cdp. Cu thé, v6i hai loai cdu tric bu
phia thir cip 1a ndi tiép (S) va song song
(P), tr& khang phia thtr cAp duoc xac dinh
theo cu tric bu nhu sau :

Z, = jwlLy, + ——+ R, (thl cip bu S)

jwCy

©)

Z, = jwLy + (tht cap bu P)

jwCy + 1/R,
O phia thir cap, tu bu C» thudng dugc thiét
ké dé cong huong véi Lo, nham giam cong
suat phan khang va t6n hao trong cudn day.
Tan s6 cong hudong dugc xac dinh bai:

1

“ T LG,

Twr (4), (5) va (6), tro khang phan xa tir phia
thr cap vé phia so cip dugc xac dinh nhu

(6)

sau:

( (‘UOM2 P
Zresi = —— (thlr cép bu S)

RLM2 a)OM (7)
kZ‘refl = L_z —J
2

( tht cp bu P)

Tré khang dau vao nhin tir ngudn cung cip
cua hé théng WPT phu thudc vao cAu tric
mach bt phia so cép va dugc tinh theo:

Zin = jwLy + ——+ Zyo5; (50 cdp bU S)

1
JjwCy
1 )

1 (so cap bu P)
JwLy +Zrefl

Zip =
j(UCl +

Pé t6i uu hoa cong suat truyén va giam
cong sut phan khang tir phia ngudn, mach
so cap can duoc thiét ké sao cho dién ap va
dong dién dau vao cung pha tai diéu kién
lam viéc mong mudn. Pay 1a diéu kién
ZPA, duoc thiét lap bfmg cach lam cho
phan 4o cia tré khang dau vao bang 0:

Im(Z;,) =0 ©)

V6i céu triic mach bu SS, tir diéu kién (9)
gia tri cua ty bu C; dugc tinh theo :

1

C, =
1T L w?

(10)

Vatrd khang dau vao caa mach bu SS duogc
tinh nhu sau :

wOMZ

R, (11

Zin =

Tuong tu nhu vay, c4c gid tri cua tu bu phia
so cap, trd khang dau vao cho cac cau triuc
bu SP, PS, va PP dugc dua ra trén Bang 1.
O cac diéu kién cong huong dugc mo ta
trong 6), (9) dong dlen qua cudn day thir

cap va so cap trong ciu tric bu SS lan luot
duoc tinh theo :

ILL=1I = 12

2 =1 Z R, (12)

I —% Uin

YT Zi T woM? (13)
R,
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Bang 1. Bang cac thong so cua cac cau trac bu co ban

Céu tric bu Gia tri tu bu so cp (C)) Diic tinh ngoai
ss 1 Iy .1
Liw? Uy wgM
1
- Uy 1L,
SP M2 2 _ =
(Ll — E) a)g Uin M
PS 12 2 2 o !
M?/R NIV
W2L, + (“’OL—/L) Im  @ZMC,
1
PP M2 : (M?R,/1)? Do Lo
(ug (Ll - L_) + % Iin j(‘)OMCl
2 1
Béng 2. Thong s6 thiét ké ctia hé thong va mach bu
Théng s6 Ky hiéu | Gia tri Théng so Ky hiéu | Gia tri
Tén s6 cong hudng fo 85kHz Tu bu cua cau trac C 36,32 nF
SP C 31,87 nF
Dién cdm cudn day L, L, 110pH Tu bu cua cAu trac Ci 31,23 nF
truyén, nhan 110uH PS C, 31,87 nF
bién tréd cudn day Ri, R 0.1Q Tu bu cua cAu trac Ci 35,82 nF
truyén, nhan 0.1Q PP C, 31,87 nF
Céc tu bu ciia cau C 31,87 nF | Tro khang tai tuong R 10 +90Q
trac SS C 31,87 nF duong

Tir (12) va (13) c6 thé rat ra dic tinh ngoai
clia cau trac bu SS nhu sau :

I, 1

U_inZJ(UoM

(14)

Céc dac tinh ngoai cua cac mach bu SP, PS
va PP dugc it ra bang cing phuong phap
va dugc trinh bay trong Bang 1.

Tir Bang 1, c6 thé thiy rang vé6i cu tric bu
SS, gia trj tu bu C; phu thudc vao tan sb
cong hudng va dién cam cua cudn day
truyén L1, nhung khong phu thudc vao hd
cam (M) va tr¢ khang tai Ry. Trong khi do,
v6i cAu trac bu SP, gia tri cua tu C; phu
thudc vao M. Vi cdu triac bu PS va PP,

cong thirc tinh gia tri tu bu phtc tap hon,
C1 phu thudc vao ca M va Ry. Véi cac cau
trac bu P ¢ phia so cép, vi tré khang dau
vao rat 16n, can st dung ngudn dong & phia
dau vao.

Trong hé théng WPT, tré khang tai Ry va
hd cam M c6 thé thay d6i trong qué trinh
hoat dong (do trang thai sac cua pin hodc
vi tri tuong ddi gitra bo truyén va bo nhan
thay d6i). Néu tu bu phia so cap da duoc
thiét ké theo Bang 1, tan sb cong hudng cta
cAu tric bu SS sé& khong thay di trong subt
qué trinh hoat dong. Nguoc lai, cac cAu
trac bu SP, PS, va PP ¢6 tan s cong huong
thay doi theo R, M, tan s6 cong huong
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thay d6i c6 thé lam giam hiéu suét va dau
ra khong 6n dinh.

Néu dién ap dau vao phia so cip duoc giir
¢ dinh, céu tric bu SS c¢6 thé hoat dong
nhu mot ngudén dong & dau ra, giup hé
théng sac & ché do sac 6n dong (CC). Ciu
tric bu SP ¢6 thé hoat dong nhu mot nguén
ap & dau ra, phu hop voi ché d6 sac 6n ap
(CV). Néu dong vao phia so cip cb dinh,
céu trac bu PS hoat dong nhu mot ngudn
dong & dau ra, con ciu trac bu PP c6 thé
hoat dong nhu mat nguén ap o dau ra.

3. KET QUA MO PHONG

3.1. Tinh toan, thiét 1ap mé hinh mé
phong

Dé c6 co s danh gia so sanh cic clu tric
bu, thong sb cla cac tu bu duoc tinh toan
cho cliing mot hé thong cudn day va cing
tan s6 cong huong nhu trén Bang 1. Dua
vao biéu thic cong hudng (6) va cac biéu
thie tinh C; nhu trong Bang 1, cac thong
s6 ctia cac tu bu duoc tinh toan va trinh bay
trong Bang 2.

3.2. Kich ban mé phéng

Pé xac minh tinh chinh x4ac cta cac phan
tich trén, mo hinh mé phong dugc thiét lap
trén phin mém Ansys Electronics va
PSIM, theo so d6 ciu triic tong thé dugc
trinh bay trong Hinh 1. M6 hinh bao gém
toan bd qua trinh tir nguén mot chiéu dau
vao dén dau ra 1a tai twong duong (Ry.).

Trong hé thong WPT, khe hd khong khi
16n 1am cho dién cam tuong hd (M) hay hé
s6 két ndi dién tir (k) rat nhay v&i su thay
d6i vi tri twong ddi gitra cudn day truyén
va nhan. Hién tuong 1éch tim s& dan dén
su bién thién dang ké cua M hay k, 1am suy

giam d6 6n dinh cua thong sé dau ra ciing
nhu hiéu suit cta hé théng. Bén canh do,
cac yéu cau vé ché do sac dong khong d6i
(CC), dién ap khong ddi (CV) hoic két hop
ca hai ma khong phu thudc vao tai 1a rat
quan trong dbi voi cac tng dung sac pin.
Do d6, viéc thiét ké va trién khai h¢ thong
WPT hiéu suét cao can phai tinh dén sy
bién thién ctia ca M va Ry.

Trong cic mo hinh mé phong, dbi véi cau
trac bu SS va SP, dién ap mot chiéu dau
vao dugc chon 12 Upc = 310V. Déi vai cau
trac bu PS va PP, dong dién mot chiéu dau
vao duogc chon la Ipc = 5A. Tré khang
twong duong (Rr) dai dién cho sy thay ddi
trang thai sac cta pin, dugc khao sat trong
khoang tir 10Q dén 90Q. Hé sb két ni dién
tir (k) phan &nh mure d¢ I¢ch tam gitra cudn
truyén va cudn nhan duoc thay doi trong
khoang tir 0,35 dén 0,1 dé mo phong cac
murc do 1éch khac nhau. V&i mdi céu trac
bu, cac dic tinh nhu trd khang dau vao Zin,
hiéu suét, cong suét, dién ap/dong dién trén
tai, tu bu va cudn day sé dugc thu thap va
phan tich dé d4anh gia hiéu niang hé thong
va rat ra két luan phu hop.

3.3. Phan tich két qua mé phéng

Két qua md phong dic tinh tro khang dau
vao va hiéu suét truyén theo tan sb khi thay
d6i Re va k cua bdn ciu trac bu duge thé
hién trén cac Hinh 4, 5, 6 va 7. Cy thé, cac
Hinh 4a, 5a, 6a, 7a thé hién két qua mo
phong khi cac cudn day truyén va nhan
duoc can chinh dé)ng tam (k = 0,35), trong
khi gia trj tai trong duong Ry thay ddi tir
10Q dén 90Q. Hinh 4b, 5b, 6b, 7b trinh bay
két qua khi gia tri cua tai ¢d dinh ¢ Ri=
50Q va hé sb két ndi dién tir thay ddi tir
0,35 dén 0,1.
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Hinh 5. C4u triic bu SP: dic tinh tré khang vao va hiéu suét truyén theo tan s6 khi RL va k thay dbi
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Két qua mo phong cho thiy, véi ciu trac
bu SS, trong ca hai truong hop khao sat tro
khang du vao Zin = 0 tai tan s6 85kHz, tirc
1a tan s6 cong huong bang tan so thiét ké
ma khong phu thudc vao sy thay ddi cua
Ry va k. Hiéu suét truyén tai tan s thiét ké
ludén cao, dao dong tir 0,978 dén 0,99 khi
thay d6i Rr. Tuy nhién, khi k giam, hiéu
suit ciia hé théng giam theo, voi k= 0,1 chi
con khoang 0,94.

V6i cdu trac bu SP, khi Ry thay déi, tan sb
cong hudng van giira nguyén tai 85kHz va
hiéu suét truyén dao dong tur 0,9157 dén
0,9873. Tuy nhién, khi k thay d6i, tan sd
cong huong 1éch khoi tan sb thiét ké, lam
hiéu sut giam manh. Dic biét khi k nho (k
=0,1) hiéu suét giam chi con 0,134.

Ca hai cau tric SS va SP déu cho thay tro
khang dau vao c6 tinh cam trong ving tan
s0 thap hon 85 kHz. Viing tan sd nay thuén
lgi cho hoat dong chuyén mach mém (ZVS
— Zero Voltage Switching) cua cac van ban
dan trong hé thong.

V6i hai cdu trac bu PS va PP, hé thong dat
hiéu suét cao khi lam viéc & ding tham s
thiét ké (RL = 50Q va k = 0,35), hiéu suét
dat dugc trén 0,98. Tuy nhién, khi Ry hodc
k thay ddi, tan s6 cong hudng 1&€ch khoi tan
s thiét ké, 1am hiéu suat giam. Khi Ry thay
dbi, hiéu suét giam nhung it hon so véi khi
k giam. Cuy thé, khi k = 0,1, hiéu suat ciia
cau trac PS giam xudng con con 0,481,
trong khi hiéu sut ctia cu trac PP chi con
0,08 & tan s6 85kHz. Ngoai ra, & tan s6 16n
hon 85kHz, tr& khang dau vao cua ca hai
cdu trac déu cé tinh cam. Nghia 1a ¢ ving
tan s6 16n hon 85kHz cac van ban dan cua
bo nghich luu phia so cdp co thé dat diéu
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kién chuyén mach mém ZVS.

D¢ danh gia hiéu suat va cong suét clia cac
cdu tric bu, hai kich ban mé phong dugc
thuc hién: thay d6i Ry va thay do6i k. Két
qua mo phdéng dugc trinh bay trén Hinh 8.
Cu thé, Hinh 8a) va Hinh 8b) thé hién cac
dic tinh hiéu suét va cong suét clia cac ciu
tric bu SS va SP.

Vi ciu triic bu SS khi Ry thay dbi hiéu
suit vin & muc cao (0,978 + 0,99), cong
suét ting tuyén tinh theo Rr. Khi k giam,
hiéu suat giam nhung ciing & mirc kha cao
(0,94 +0,99), con cong suat dau ra tang
manh, dic biét khi k giam dang ké. Cau
trac ndy phi hop véi tai cong suit cao va
bién dong 16n, c6 thé truyén ning luong xa
hoic lién két dién tir yéu.

Véi cau triic bu SP, cong suat giam khi R,
tang nhung hiéu suat van duy tri & mirc kha
cao (0,92 +0,99), Cau triic nay phit hop véi
cac tmg dung tai nho dén trung binh. Tuy
nhién, hiéu suat va cong suat giam nhanh
khi k giam, khién cAu trac nay khong phu
hop cho truyén ning lugng xa.

Hinh 8c) va Hinh 8d) thé hién cac dic tinh
hiéu sudt va cong sudt clia cac ciu trac bu
PS va PP. Véi céu trac bu PS, cong suat
tang khi Ry tang va hiéu suat kha nhay véi
su thay d6i ctia Ry (tir 0,82 dén 0,99). Hiéu
suat giam khi k giam (tir 0,99 xudng 0,48),
con cong suét lai ting. Cau tric nay phu
hop véi tai trung binh dén 1on.

Véi cau tric bu PP, khi Ry tang thi cong
suat giam va hiéu suat ting. Con khi k giam
thi hiéu suit giam tir 0,98 xubng 0,08 va
cong suat giam manh khi k = 0,1. Céu trac
nay khong phu hgp véi img dung c6 k nhd.
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Bang 3. Thong sb dién ap/dong dién trén cac phan tir mach

gilé Ngudn vao vCi IC1 (A) VL1 IL1 VL2 IL2 vC2 IC2 PO
bit %) ™ A) %) (€V) 4] A | &W)
SS Upc =310V | 788,00 32,69 1920,38 | 32,69 | 1035,88 | 13,41 | 1920,00 | 13,41 9,0
SP Upc =310V | 2163,00 44,29 2228,60 | 44,29 771,76 20,55 770,00 12,41 12,4
PS Ipc =5A 1858,33 31,07 1857,88 | 31,30 991,78 12,85 754,64 12,85 8,2
PP Ipc=5A 1950,58 37,38 1950,13 | 37,54 657,39 17,23 656,07 11,17 8,6

Bang 4. Thong sb dién ap/dong dién dau vao khi M =0

CAu tric bu Ngudn vao Vin (V) Iin (A)
SS Upc =310V 310 2695,05
SP Upc =310V 310 39,74
PS Inc = 5A 2402,7 5
PP Inc = 5A 2209,1 5

Pac tinh ngoai cua cac ciu tric bu duoc
khao sat khi tré khang tai thay doi, két qua
duoc dua ra trén Hinh 9. Véi cAu tric bu
SS, dong dién tai Ip gan nhu khong d6i, véi
gia tri trung binh bang 13,43A va dao dong
trong khoang 0,81%. Gia tri nay phu hop
v6i thong s thiét ké va mdi lién hé trong
(14). Pién ap tai Uy ting gan nhu tuyén
tinh theo Rr. Pac tinh nay tuong ty nhu
ngudn dong 1y tudng, phit hop voi cac tai
yéu cau 6n dinh dong dién bat ké su bién
thién ctia trd khang tai. Vi cdu trac bu SP,
dién 4p tai U gan nhu khong d6i, véi gia
tri trung binh bang 784V va dao dong
1,20%, trong khi Ip giam nhanh khi Rp
tang. Gia tri nay pht hop véi thong sé thiét
ké va mbi lién hé cua dic tinh ngoai trong
Bang 1. Dic tinh ndy c6 dau ra gan gidng
v6i ngudn ap 1y tuong, phi hop voi cac tai
yéu cau dién ap on dinh. Véi céu trac bu
PS, Ip gidm nhe khi Ry, tdng, con Uy tang 1
rét theo Rr.. CAu triic nay c6 dic tinh thién
vé ngudn dong nhu cdu trac SS nhung
khong 1y tuéng bang, thich hop cho tai

bién thién can dong kha 6n dinh. Véi cAu
tac bu PP, khi Ry tang Io (tir 54,14 A xubng
con 7,38 A) con dién 4p tang nhe (tir 541V
dén 664V). Pic tinh nay c6 dau ra trung
gian gitta ngudn 4p va ngudn dong.

Pé ¢ co sd trong viée tinh chon thiét bi,
cac thong sd dong dién va dién ap trén cac
phén tr mach dugc do va trinh bay trén
Bang 3. V6i cau triic bu SS, tu C2 phai chiu
dién ap kha cao (1920V) va dong dién qua
tu Cy va L1 16n (32,69A) trong khi dong tai
thiét ké 1a 13,4A. Véi cau triic bu SP, tu Cy
cling can chiu dién ap 16n (2163V) va dong
dién 16n 44,29A, cudn day L; cling chiu
dién ap cao va dong 16n. Véi cdu tric bu
PS, tu C; va cudn day L; cling phai chiu
dién ap va dong dién twong ddi cao
(1858,33V va 31,07A). Céu triic PP, tu C;
va cudn day L cling phai chiu mirc dién ap
cao va dong 16n (1950,58V, 37,38A ). Tuy
nhién, véi muc cong suat dau ra nhu trén,
ap luc 1én cac phan tir mach khong qué cao.

Duya trén cac phan tich trén, két qua danh
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gi4 cua cac cdu trac bu co ban dugc tong
hop va trinh bay trong Bang 5. Tan sb cong
huong cua céc cau trac bu cd dic diém nhu
sau: cu tric SS khong phu thudc vao k va
Ry, céu tric SP phu thudc vao k nhung
khong phu thudc vao Ry, cac céu trac PS
va PP déu phu thudc vao ca k va Ry.

Xét kha nang hoat dong khi khong cé ghép
ndi tir (M = 0). Vi cau trac SS do cong
huong nbi tiép (dién khang dau vao rat
thap) trong khi khong c6 tai tiéu tan ning
luong 1am dong so cép ting dot bién, dé
gy hu hong thiét bi. Do do, céu truc SS
khong cho phép mat ghép tir va can c¢6 co
ché bao vé khi mat tai. Vi cau trac SP, khi
M = 0 hé thdng van cong hudng nho mach
bu song song phia thtr cdp, nhung ning
luong phia so cép khoéng dugc truyén di,
dong phia so cap c6 thé bi ting nhe, hé
théng nén dugc trang bi mach phat hién tai
dé dam bao an toan. Vi clu tric bu PS,
phia so cap 1a cong hudng song song co
kha nang tu giéi han dong, con phia thir
cap 1a cong huong ndi tiép nhung khong
dan dong khi mat ghép tir. Do d6, cdu tric
nay c6 do an toan cao hon trong diéu kién
M = 0. Véi cau trac bu PP, ca hai phia la
cong huong song song, khi khong cd ghép
ttr, mach hoat dong nhu mot bo dao dong
riéng biét & phia so cap. Hé thong lam viéc
tuong ddi an toan. Cac phan tich nay ciing
phu hop vé6i két qua mé phong dong dién
va dién ap dau vao cua cac ciu trac bu khi
M = 0 trén Bang 4.

Xét vé mirc @6 anh huong do léch vi tri
cudn day (M giam), cdu trac bu SS bi anh
huong it nhat so voi cac ciu tric con lai,
hiéu suat giam it nhét khi k giam, dong thir
cép van 6n dinh khi 1éch vi tri nho. Céu
trac SP chiu anh hudng 16n hon, thé hién

qua su suy giam dang ké cua hiéu suit khi
k giam. Véi ciu trac bu PS, mac do anh
hudng cao, cong sudt va hiéu suat truyén
giam manh khi 1éch vi tri. Vi cau trac bu
PP, d& mat cong huong khi c6 1¢ch vi tri
nho, hiéu suit truyén gidm manh.

Tir cac phan tich trén, c6 thé dé xuat mirc
cong suat va tmg dung phu hop cho timg
cau trac nhu sau: Céu trac SS phu hop véi
cac hé théng yéu cau 6n dinh dong va hiéu
suit cao, dic biét trong cac ung dung WPT
cong suat trung binh d&én cao nhu sac cho
xe dién, bao gém cd sac tinh va sac dong.
Céu trac SP thich hop véi cac ung dung
cong suat thap, yéu cau 6n dinh dién ap
nhu cac (mg dung trong thiét bi y sinh. Céu
tric PS va PP phu hop véi céc img dung
cong suit cao nhu sac cho xe bus, xe dién,
tuy nhién doi héi ngudn cap 1a nguon dong.

4. KET LUAN

Bai bao di tién hanh phan tich k¥ ludng
cac cdu trac bu co ban trong hé thong
WPT, bao gdbm danh gia vé hiéu suét, cong
suat, dic tinh dién ap/dong dién, va kha
ning tng dung cua timg cu trac. Két qua
cho thay mdi cau trac b déu ¢ nhimg vu
diém va han ché riéng, pht hop véi cac yéu
cau khac nhau vé cong suét, hiéu suét va
tinh 6n dinh cua hé thong. Bai bao ciing
nhin manh réng viéc lua chon céu trac bu
phu hop doi hoi phai xem xét cac yéu t6
nhu hiéu suit, cong suit, on dinh dau ra, va
kha niang hoat dong trong cac hé thong
khong c6 ghép ndi tir hodc khi sai 1éch vi
tri, tir 46 gitip t6i wu hoa hiéu qua va giam
chi phi thiét bi.
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Bang 5. Bang so sanh céac cau tric bu va ung dung dé xuat

CAu tric bu SS SP PS PP
Tan s cong hudng phu
thudc vao hé sé két ndi Khéng Co Co Co
k
Tén s6 cong hudng ph
an SO CONg AWONE PAY | g pyang Khéng Co Co
thudc vao tai (Rr)
Kha ning hogt dong khi | Khong cho | pa | Chophép | Cho phép
khong c6 ghép ndi tur phép
l\fluc qo ,anhA hu?rng do it Caorl.lon so Cao Rét cao
1&ch vi tri cudn day vo1 SS
Kha ning cung cap dong , R , n
dién in dinh Hu ra Co Khong Kém hon SS Khong
Kh 5 - A A
, ? napg cu?g cap dién Khoéng Co Khoéng Kém hon SP
ap on dinh dau ra
Hiéu suét Rét cao Thap Thap Cao
Yéu cau Yéu cau
Han ché - - ngudn cip 1a | ngudn cip 1a
ngudn dong | ngudn dong
, n z by z Thép hOéC
Murc cong suat dé xuat Cao . Cao Cao
trung binh
Heé thong
WPT sac Ung dun
cho xe dién & aume Ung dung Ung dung
- trong y sinh . z . P
(sac tinh, sac , cong suat cong suat
A va ung dung
., s X dong), sac N Y cao nhu xe cao nhu xe
Céc rng dung dé xuat . cong suat n , oA ,
nhanh, tai R .z, .. | dién, xe buyt | dién, xe buyt
R A thap, thiét bi . -
cong suat XA 4 (sac tinh) (sac tinh)
2. can on dinh
thay doi, dicn 4
thiét bi cin 1 ap
6n dinh dong
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