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PHAN TiCH BDAP I'NG PONG CUA DONG CO PMSM TRONG
TRUONG HOP S’ DUNG BO TRUYEN BANH RANG VA BO
TRUYEN CVT

DYNAMIC RESPONSE ANALY SIS OF PMSM MOTOR IN THE CASE OF USING
GEAR TRANSMISSION AND CVT TRANSMISSION
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TOM TAT

Nghién cieu trinh bay két qua phdn tich, danh gia vé hiéu qua, wu nhiege diém cia hé thong
truyén dong trén xe dién sit dung hdp sé vé cap CVT (continuously variable transmission) va hdp
s6 truyén thong. Nghién civu sir dung phwong phdp phan tir hitu han diwa trén phan mém ANSYS
dé mé phong ddc tinh co hoc ciia hé thong truyén dong CVT va hé thong truyén déng banh rdng
dan dong bang xich thong thuong. Pau vao la tin hiéu céng sudt cia dong co PMSM (permanent
magnet synchronous motors) ba pha véi hé thong phanh tdi tao, dwgc mé hinh héa bang MATLAB
Simulink. M6 hinh phan tir hitu han dwoc xdy dung tir dit liéu quét laser 3D ciia dong co xe Toyota
Prius doi 2009. Hiéu qua, vu diém va nhwoce diém ciua hai thiét ké truyén dong dwoc danh gia dya
trén biéu do dac tinh mé-men xodn-vong quay dau ra cia déng co PMSM.

T khoa: Hé thong truyén dong; Xe dién; Hop sé vé cap CVT: Hop s6 truyén thong.
ABSTRACT

This article presents the results of an analysis and evaluation of the efficiency, advantages
and disadvantages of the transmission system on electric vehicles using CVT and conventional
gear transmission. The study uses the finite element method based on Ansys software to simulate
the mechanical behavior of the CVT transmission system and the conventional chain-driven gear
transmission system. The input is the power signal of a three-phase PMSM motor with a regenerative
braking system, which is modeled using MATLAB Simulink. The finite element model is built from
3D laser scanning data of the engine of a 2009 Toyota Prius. The efficiency, advantages, and
disadvantages of the two transmission designs are evaluated based on the output torque-revving-
power characteristics graph of the PMSM motor.

Keywords: Transmission system, Electric vehicle; CVT transmission; Traditional

transmission. &
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1. PAT VAN PE

V6i nhiing uu diém vuot troi vé hiéu
suat cong suat, mo-men xodn dinh, mo-men
khoi dong va ki thuat diéu khién, viéc sir dung
dong co PMSM trong nganh cong nghi¢p xe
dién da tro nén pho bién trén thé gidi thay cho
cac loai dong co DC chdi than (brushed DC
motor), dong co DC khong choi than (brushless
DC motor), dong co cam ung ba pha (induction
motor). Kém theo do, viéc lya chon co cu
truyén dong ciling tré' thanh mot van dé quan
trong. Phan 16n cic xe dién déu s dung hé
thong giam tc don 1 cip banh ring cho dong
co dién, khong co co ciu banh ring bo sung
dé thay d01 ti s6 truyén [1], do d6 lam giam
nhu cau vé banh ring va hop sb. Tuy nhién, o
tdc d6 cao hon, khi dong co dién chay & tde do
vong tua qua cao, md-men xoan s& khong dugc
duy tri lién tuc, didu nay lam giam hiéu qua
hoat dong va gioi han vé pham vi hoat dong ddi
v6i dong co. Hop sb banh ring truyén thong s&
lam gidm hieu suét truyén dong cua dong co
dién. Hop s6 vo cap CVT [2] trén cac loai xe su
dung dong co dbt ‘trong truyén thong da ting
giai quyét dugc van dé nay, giup tao ra nhidu
mo-men xodn hon véi vong tua may it hon, va
c6 thé dat dugc cac loi ich nhu bo pin c6 thé
thu nho hon, trong khi van duy tri pham vi hoat
dong tuong tu [3].

Nghién ctru d dé xudt mot phuong phap
phan tich va so sanh m&i bang phuong phap
phan tr hitu han s dung phan mém ANSYS
két hop dau vao cia MATLAB Simulink [4].
Trong nghién clu, tic gia da tién hanh thu
nghiém va mo phong theo so do mach dién va
mo phong qué trinh diéu khién bing MATLAB
Simulink, cac thong sb va kich thudc dya trén
moé hinh thuce té, cong sut va vong quay thiét
ké ctia dong co PMSM ciia Toyota Prius 2009.
Tt d6 phan tich tich dugc tin hi¢u md-men
x04n & cubi truc dong co, lam dau vao cho qua
trinh phan tich phan tir hiru han cta hop sb vo

cap CVT va hop s banh ring mot cip thong
thuong. Két qua dugc danh gia dua trén dac
tuyén mo-men — vong quay dong co.

2.VATLIEU VA PHUONG PHAPNGHIEN
cUvu

2.1. Phwong phap diéu khién dong co PMSM
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Hinh 1. So d6 diéu khién dong co PMSM sir dung
ba trinh diéu khién IGBT va ba cdp IGBT

Pong co PMSM dugce diéu khién thong
qua ba cap IGBT, dugc van hanh béi IC lai
dong IR21XX. Cac cip IGBT nay kéo day dua
trén phuong phap nghich luu ngudn ap ba pha
tao song sin diéu khién ba cudn day cia dong
co PMSM [4]. Bé giam ton that chuyén mach
va nhiét cia IGBT cang nhiéu cang tdt, diéu rét
quan trong la phal chon dién tré phu hop n01
tiép v6i cuc cong cua IGBT. Pién tré cuc cong
s& anh huong dén kha nang dan dong cua mach
dan dong cho IGBT. Néu dién tro cuc cong qua
16m, n6 s€ can tr0’ su dan dién cua cuc cong; néu
dién tré cuc cong qué nho, dién ap dan dong sé
dao dong. IC 14i cip IGBT tuong thich v6i dau
vao logic 3,3V va 5V, va dién ap ndi kénh lam
viéc khai dong ciia né co thé dat t6i +200V. N6
o thé chuyén ddi tin hiéu chuyén mach 3,3V
dau ra cia MCU thanh tin hiéu diéu khién cong
cua MOSFET. Ngoai ra, IC lai nay c6 mach
ngan chin ban xuyén tich hop cho tat ca cac
kénh thuong c6 thoi gian chét, c6 thé ngin
ngura su ¢6 doan mach cua cac canh cau trén va
dudi trong qua trinh hoat dong ctia mach.
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Hinh 2. Vi diéu khién chinh cia driver PMSM va
mé-dun phan hoi dong dién sir dung op-amplifier
V6i chire ndng khir nhiéu PWM

Phuong phap hoi tiép dong c6 loc song
PWM duoc str dung dé ngan hién tuong qua
dong trong qué trinh diéu khién dong co. IC
duogc str dung thudc dong OP-AMP vi sai co
khir nhiéu PWM INA12X. Ngoai ra, con co
mach loc thong bd trg cho viée loc tin hiéu.
Dong pha chay qua dién trd phan ludng tao ra
mot dién ap giam can duoc bd chuyén doi AD
ldy mau thich hop khi cac MOSFET phia thap
duoc bat. Khong thé do dong dién béng dién tro
phan ludng tai mot thoi diém tuy y. Diéu nay 1a

do dong dién chi chay qua dién trd phan ludng
khi bong ban dan dudi cing ciia chan bién tan
tuong ung dugc bat. Do do, khi xem xét so dd
duoc mo ta trong Hinh 2, dong pha A duogc
do bang dién tré phan ludng cua pha A va chi
c¢6 thé 14y mau khi MOSFET pha A duoc bat.
Tuong tng, chi c6 thé do dong dién trong pha
B néu MOSFET pha B duoc bat va chi c6 thé
do dong dién trong pha C néu MOSFET pha C
dugc bat. Bé co duoc thoi diém cam bién dong
dién thuc té, phai thuc hi¢n phan tich dang séng
dién ap. Thoi diém 1y mau t6t nhat cua dong
dién pha la ¢ gitta chu ky PWM, khi tat ca cac
bong ban dan dudi cung duoc bat.

2.2. M6 phéng hoat dong ctia dong co PMSM

Dua trén so dd mach dién va thuat
toan diéu khién dong co PMSM ba pha, thuat
toan diéu khién dong co PMSM cua Toyota
Prius 2009 dugc mo hinh hoa bang MATLAB
Simulink.

Hinh 3. Luu do thudt todn diéu khién va tao tin hiéu cia dong co PMSM 3 pha sur dung MATLAB SIMULINK

MBS hinh thuét toan diéu khién va tao tin
hi¢u dong co PMSM duya trén do tu cam duoc
ap dung dé mé phong hanh vi PMSM. Xét
truong hop phi tuyén tinh trong d6 thong luong
la ham cua dong dién, phuong trinh dién ap co
thé duoc biéu thi nhu sau:

_ D diffdig , [aqiffdig app
Va = Relg + Laqg 5, +Ldq 5 — q (D
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diffdig | rdiffdia
Vq = Rsig + Lgq dt+qu "

we (L i + Ypm) (2)

Trong do: V, va v, la dién ap truc d va
q; i, va 1 la dong dlen truc tuong ung; R, 1a
dién tro cuon day stato; o_la tbc do dién cua

r0-to; Lq S va Ld

ham ctia dong dién va vy, 1a lién két tr thong

nam cham vinh ctru [4].

la d6 tu cam biéu kién 1a
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2.3. M6 hinh héa hop s6 CVT

Hinh 4. Qua trinh ky thudt nghich ddo cia mo-dun
truyén dgng co ciia Toyota Prius 2009: (a) Quét
mé hinh 3D véi nén xanh, (b) Bé mat xir Iy va diém
dir liéu tir méy quét 3D va (c) Thiét ké lai mé hinh
CAD tir diém di liéu

Véi yéu cau vé do chinh xac va phuc vu
cho nhu cau thuc nghiém sau ndy, cong nghé
quét laser md hinh ba chiéu da dugc str dung
nham tai tao lai cdu tric CAD ctia hé dong co
— bo truyén dong cua xe Toyota Prius 2009.
Mo hinh sau khi quét ba chiéu s& duoc dua vao
phan mém CATIA va xay dung lai cau trac bé
mit, chuan hoa céc kich thudc.

a)
(c)@
Hinh 5. M6 hinh thiét ké 3D hop s6 vé cap CVT sir
dung cho dong co PMSM cua Toyota Prius 2009
thay vi hop so thuong: (a) Mat trucc hop so thuong,

(b) Mdt sau hdp sé thirong, (c) Mdt truée hdp so
CVT thay thé, (d) Mt sau hop s6 CVT thay thé.

e

Cau trac hop s6 vo cap CVT dugce thiét
ké dua trén khoang cach hai truc chinh ctua bo
truyén dong banh rang [5] v6i gia tri 37,5cm,
vat liéu sir dung cho dai la thép, vat liéu st
dung cho cac thanh phan con lai 1a thép. M6
phong phan tir hitu han c6 xét dén hé s6 ma sat,
mo-men quan tinh, gia téc trong truong, hé s6
ma sat vong bi tron, vong bi con, h¢ sb6 ma sat
tiép xuc dong luc gitra hai bé mat kim loai [6].
Mo hinh duoc phan tich trong mién dan hoi, gia
thiét khong xay ra bién dang déo. Cac gia tri
duogc cho theo bang 1.

Bdng 1. Théng so tién hanh mé phong

B{ truyén vé cip CVT Gidtri | Donvi D0 ruyénbinhring Giatri | Ponvi
thuong 1 cap
Vat liéu dai Thép Vat liéu xich Thép
Vit liéu pu-li Thép
Vit lidu cac chi tiét khac Thép Vit lidu cac chi tiét khac Thép
Vat liéu truc Thép Vat liéu truc Thép
Gia tdc trong truong 9.81 m/s? | Gia tdc trong truong 9.81 m/s?
Khoi lwong riéng 7890 kg/m® | Khbi lugng riéng 7890 kg/m’
Hé s6 ma sat tinh thép-thép 0.31 Heé s6 ma sat tinh thép-thép 0.31
Heé s6 ma sat dong thép-thép 0.16 Hé s6 ma sat dong thép-thép 0.16
Hé s6 ma sat vong bi tron 0.001 Hé s6 ma sat vong bi tron 0.001
Moé-dun dan hoi 210x10° | N/m’ | Mo-dun dan hoi 210x10° | N/m’
Hé sb Poisson 0.3 Hé sb Poisson 0.3
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Mo hinh phan tir hiru han bao gdm phan
tr dang tir dién (tetrahedral), phan tr dang
lang tru (prisms), phan tir dang kim ty thap
(piramids), phan tir dang luc dién (hexahedral)
va phﬁn tor dang da di¢n, vdi tuy chon tuyén
tinh hodc phi tuyén. M6 hinh phan tir hiru han
sir dung trong phan tich dong luc hoc hop sd
CVT [7] duoc thiét 1ap dua trén phan tir tir dién
(tetrahedral) tuyén t1nh do khong xét bién dang
déo phi tuyen bao gdm bon nut voi sau bac tu
do tai mdi nat. Pap ung cdu tric bién dang va
tiép xuc véi mé hinh ba chiéu phtrc tap ciia phan

tir tir dién tot hon phan tir luc dién va phan tir
hinh ném. Hé s Skewness dat gia tri trung binh
0.57, hé s6 Aspect dat gia tri trung binh 1.12 va
hé s6 Orthogonal dat gia tri trung binh 0.153.
Céc hé s6 ndm trong ngudng tiéu chi hoi ty cia
md hinh phan tr hitu han. Hé sé Orthogonal
Quality danh gia d6 léch ctia phan tir ludi voi
phan tir tiéu chuan. Hé s6 Skewness danh gia
d6 léch goc cuia phan tir ludi so véi phan tir tiéu
chué’n. Bang 2 thé hién chit luong luéi qua cac
h¢ so.

Bdng 2. Chdt hrong lwdi ciia mé hinh phan tir hitu han

Hé s6 1:1{2:12? Excel-lent | Very Good Good At:‘;elg- Bad U?:;::p-
Skewness 0.57 0.0-0.25 0.25-0.5 0.5-0.8 0.8-0.94 | 0.95-0.97 | 0.98-1.00
Orthogonal 0.153 0.95-1.00 | 0.7-0.95 0.2-0.69 0.15-0.2 | 0.001-0.14
Aspect 1.12 4 4

Hinh 6. Chia ludi bg truyén dong vé cap CVT va
bé truyén dong banh rdng

Mo hinh phan tir hitu han cta bd truyén
dong duoc thuc hién dua trén phuong phap ludi
cuc bd. Céac bd phan cua hé truyén dong duoc
phan tach ra nham dat duoc tiéu chi nhat dinh
cho Iudi cuc b cua tirng by phan. Hinh anh
ludi bd truyén dong duoc thé hién truc quan &
trén hinh 6. Cac phan tir lu6i nho va day hon
¢ nhiing chi tiét nho, va nguoc lai & nhitng chi
tiét 16n hay it c6 su thay d6i vé hinh hoc, hé s6
chuyén tiép & mic cao, cac tiéu chi Skewness,
Aspect, Orthogonal dugc thiét lap can nhu
Bang 2. Mién tiép xtc giita cac bd phan sé
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dugc mo hinh hoa boi phan tir tiép xuc tuyén
tinh (linear contact).

2.4. Phuong phap do mo-men dong lue

Viéc danh gia va lya chon hé truyén
dong nao tdi uu hon phu thudc vao dac tuyén
dap ung mo-men dau ra cia tryc [8]. Khong
nhu viéc phan tich mo-men tinh hodc tinh toan
gia tri m6-men quan tinh, viéc phan tich gia tri
moé-men dong luc hoc theo thoi gian s€ phirc
tap. Tac gia dé xuat mot phuong phap do mo-
men dong ap dung cho mé hinh phan tir hitu
han [9]. St dung phén tt sinh chét tao diém va
cham dot ngot ngay khi hé thong dang quay, tir
d6 tién hanh phan tich dap ung dong luc cua
cAu truc tai thoi diém va cham [10]. Phan tich
dong 1a phuong phap dung dé xac dinh phan
g dong cua két cdu theo thoi gian. Théng qua
phan tich ttc thoi, ching ta ¢6 thé thu dugc két
qua phu thudc thoi gian nhu chuyén vi, bién
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dang, ung suét va phan lyc cua két cAu dudi su
két hop tuy ¥ cua tai trong on dinh, tai trong
tire thoi va tai trong hai hoa. Uu diém 16n nhét
cua phan tich trc thoi so voi phan tich tinh la
n6 xem xét dén hiéu ing quan tinh va hiéu g
giam chan.

Trong nghién ctru nay, tac gia su dung
phuong phap phan tich diy di. CAu hinh chi
tiét hé may thuc hi¢n mo phong dong luc dugc
Iwra chon bao gém CPU Dual Xeon E5 2699A
V4 88 CPUs, card man hinh RTX4090 ho tro
CUDA ting toc tinh toan véi 16384 CUDA
core, DDR4 BUS 3600 128GB, 6 cing NVME
M2 1TB gitip van hanh mé hinh 16n trong diéu
kién phan tich dap ung dong luc hoc.

3. KET QUA VA THAO LUAN

Cac thong sb cua bd truyén dong vo
cép CVT duoc do dac, tinh toan 1am dau vao
trong mo phong Ansys Workbench. O day, hai
mo-dun Structure Transient va Rigid Body
Transient dugc sir dung dé tinh toan md-men
X04n clia cac bd phéan bén trong hé.

B: Stat l-csmmud
Equivalent
Yyp Iq ml t(wnM #1) Stre:

IS/W.‘IUN 1745

2.3744e8 Max
791656
6.0272¢6
5.93706
4.2486e6
3.9593¢6
2.969%6
1.9806¢6
9513265
2004.7 Min

Diém tinh toin mé-men dong lyc

Hinh 7. Sw phdn bé iing sudt ma st bén trong bo
truyén dong CVT

Phé ung suét dugc thé hién mot cach
tryc quan trén hinh 7. Ung sudt duoc trai tir
thip dén cao twong tng tir gam mau lanh dén
noéng. Dya vao hinh 7, ung suét 16n tai khu

vuc tiép xuc giita cac thanh phan. Dic biét 1a
noi tiép xtc giita day dai véi bé mat puli, didu
nay phu hop véi 1y thuyét va thuc t& van hanh
vi khu vuc nay c6 ma sat 16n do sy quay va
trugt lién tuc gitra cac chi tiét co khi 1én nhau.
Tuy nhién, xét dén tinh tong thé, ma sat cta bd
truyén dong CVT nho hon bo truyén dong banh
rang thong thudng do céu trac phirc tap, cong
kénh hon ctia cac banh ring.

Hinh 8. D6 thi toc dé va mé-men xodn thay doi
theo thoi gian

Hinh 8 cho ta mdi tuong quan giita
su thay ddi tbe do va mod-men xodn theo thoi
gian. Khi toc do thay doi, sy chénh léch mo-
men xo0dn dau vao va ra kha nho dbi véi hop sb
CVT. C6 thé thiy, ty sb truyén tdi wu phu hop
v6i moi téc d6 ma CVT cung cap khién chung
tr¢ nén ly tudng cho viéc chay trong thanh
phé, cac thao tac dung, khoi dong va tang tbe,
dap ung mo-men khong qua khac biét. Sy van
hanh muogt ma cua chiing mang lai su thoai mai
trong khi van duy tri higu suat ctia dong co. Dbi
v6i dong bo truyén dong banh rang thong qua
xich, d6 bién thién cia mé-men xodn la rat 16n,
dap ung khong dong nhat theo céc cap toc do.
Viéc dap ¢ g mo-men xodn cua bo truyen dong
CVT it bién thién theo sy thay ddi tbc do gitp
cho luong hao phi pin dugc tdi wu déng ké.

Hinh 9. Do thi ty s6 hiéu sudt gitta b truyén CVT
va bo truyén dong banh rang thay doi theo thoi gian
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Hinh 9 so sanh ty sé hiéu suét cia bo
truyén dong CVT va bd truyen dong banh rang
thuong so véi mo-men xoan dau vio cua dong
co PMSM. Két qua cho thay dap tng hiéu suat
ctia bo truyén dong CVT troi hon hau nhu toan
mién phan tich. O khu vuc giita ctia mién thoi
gian phan tich, qua trinh m6 phong su thay d01
toc do dién ra, tai day dap ung ty s6 hiéu sut
ctia b truyén dong CVT thay doi theo chiéu
hudng c6 1oi nhét. Do trén thuc té, khi Chuyén
doi téc do dot ngdt, ban kinh puli dau vao cia
b6 truyén dong vo cép CVT giam khi vong tua
may tang trong khi dong thoi, duong kinh puli
dau ra ting theo ty 1. Piéu nay glup gitr do
cang cua day dai khong (101 bat ké diéu chinh
toc do. Hop sb CVT tang toc ‘mugt ma nhung tir
tor hon, khong can chuyen s6 xudng gap, va do
do dap img ty s6 hiéu suét co loi hon so voi bd
truyén dong banh ring.

C6 thé thdy riang, dic tuyén mé-men
xodn sau khi chuyén ddi tir hé banh rang thuong
sang hé truyén dong vo cap CVT 6n dinh cao
hon, d6 chénh 1éch mé-men xodn diu ra va
dau vao nho hon. Hop s6 CVT két hop dong
co PMSM dugc lap trinh tot mang lai hiéu qua
tiét kiém nhién liéu tot hon trong diéu kién giao
thong do thi dimg d6 lién tuc, téi uvu héa vong
tua may dé dat dugc toc dd can thiét. Tuy su
hao mon day dai 16n va tdng nhiét trong khi van
hanh nhung hop sé6 CVT van c6 loi thé 1a ton
that tong ma sat ctia hé thong truyén dong thap
hon, do c¢ it bd phan tiép xuc va va dap lién
tuc v6&i nhau hon. Viée ap dung CVT trén thi
truong dai chiing & phan khuc xe nho gon khién
chi phi san xuit ré hon dang ké, nhd vao quy
mod san xuat va chi phi thay thé day dai CVT
cling nhu kha nang tiét kiém pin.

4. KET LUAN
Bai bao da phan tich dap Ung dong

luc h(_)c‘ dau ra cta dong co PMSM dua trén
bo truyén dong CVT dugc don gian héa danh
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cho xe dién gitp it hao phi m6-men xo0dn ¢ dau
ra, diéu nay gitp tiét kiém nang lugng pin hon.
Thiét ké nay khong chi cai thién hiéu suat cua
xe, ma con giam dang ké chi phi san xuét va sir
dung hang ngay nho vao pham vi ty s truyén
c6 sin rong hon va CVT hiéu qua trong viéc
thay ddi tde do dot ngot. Su két hop gitra dong
co EV PMSM va b6 truyén dong vo cap CVT
da cho uu diém tiét kiém dang ké ning luong
cho khdi pin trong thoi gian dai, giam chi phi
nguyén vat li¢u so vdi viéc ché tao bd truyén
dong banh riang nhiéu cp, ting cam giac thoai
mai hon khi nguoi str dung ting/giam tbc do,
giup tang trai nghi€ém cua nguoi su dung. %
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