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TOM TAT KY HIEU
Xe dién hién nay dang trong xu thé phat trién manh va rdt c6 thé I phuong Ky hiéu Donvi Y nghia
tién giao thong chi yéu trong tuong lai. Nghién ctiu hé truyén dong cho xe dién Um Wb Tirthéng cuc tir

la yéu cau cap thiét trong khoa hoc va ting dung. Hé truyén dong xe dién can o

diictinh co phi hop vai cic ché 86 lam viec khc nhau nhu khai dong, gia t6c, n Ls H  Bién cam day quan Stato
dinh téc do. Mdi loai dong co dién co dac tinh cova cac ché d6 lam viec khac nhau, Lsd, Lsq H  dién cam doc truc, ngang truc
trong bai bdo nay, tac gia cong bé két qua nghién ciu, danh gia gidi phap diéu cuia stator
khién md-men clia dong co dong bd nam chédm vinh ctiu PMSM vdi céc trang thai lsg, lsq A Dong dién theo huéng doc truc,
[am viéc khac nhau phi hgp véi ddc tinh ti cda xe dién. ngang truc hé toa do d-q
Tir khod: Truyén ddng xe dién, dong co' dong bé, diéu khién mé-men dong L, A Dong dién dinh muc
o PMSM.
Udm V  Dién ap day dinh muc
ABSTRACT Mam N.m Moé-men dinh muc ctia dong co
Electric vehicles are currently ina strong development trend and may very O VIET TA
well be the main means of transportation in the future. Researching CHUVIETTAT
powertrain systems for electric vehicles is an urgent requirement in science FOC  Field Oriented Control
and application. The electric vehicle transmission system needs to have RTD Resolver to Digital

mechanical properties suitable for different working modes such as starting,

acceleration, and speed stability. Each type of electromechanical motor has PMSM  Permanent Magnet Synchronous Motor

different mechanical characteristics and working modes. In this article, the IPM Interior Permanent Magnet Motor
author announces the results of research and evaluation of torque control PWM  Pulse Width Modulation
solutions of PMSM permanent magnet synchronous motors with different MTPA  Maximum Torque Per Ampere

working states are suitable for the load characteristics of electric vehicles.

Keywords: Electric vehicle drive, synchronous motor, PMSM motor torque SVM Space Vector Modulation

control., ADC Analog Digital Converter
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Hé truyén déng xe dién can dap (ng cac yéu cau sau:
C6 khoi lugng nhe, kich thudc nhé gon, mat dé mo-men
va mat do cong sudt cao, mé-men 1én & t6c do thap dé
khéi dong hodc leo doc. Xe dién c6 téc dO tur 0 dén
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150km/h, ddong co can pham vitéc do rat rong, toc dé cla
vling cong suat khong déi phai la 3 dén 4 1an so vai ving
mé-men khéng déi, nhu hinh 1 [1]. Kha nang qua tai 16n,
déng co co thé tao ra md-men gép hailan dinh mdc trong
khoang thai gian ngan. Tiéng 6n dong ca va moé-men dap
mach phadi dugc triét tiéu, chi phi hgp ly, canh tranh véi
cac dong xe.
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Hinh 1. Dac tinh tai clia xe dién

Mbi loai ddng co c6 dac tinh lam viéc, dac tinh co va
cac ché do diéu khién, khéng ché khac nhau. Kha nang
dap ung mo-men, téc doé clia déng co quyét dinh chat
lugng hé truyén dong xe dién. Trong bai bao nay, nhém
tac gia tap trung nghién ctiu ddong co PMSM, loai déng co
nay cé khéi lugng nho, mé-men quan tinh thap, dap ng
mé-men nhanh, cudng dé tu trudng 16n, thé tich giam
nén PMSM c6 hiéu suat cao, giam chi phi va kich thudc
bién tan, khéng c6 tén that déng & rotor, qua trinh tan
nhiét trong dong co tét hon. Mot s6 PMSM c6 thém
mé-men tU trd trong dai diéu khién gidm tir thong nén cé
dai cong suat réng [2, 3. Pong ca IPM cac nam cham
dugc dat trong 16i sat rotor gidm thiéu tir hda, cé dién cam
doc truc va dién cdm ngang truc khac nhau, cé hai loai
mo&-men la mé-men clia nam cham va mo-men tu trd, co
kha nang sinh mé-men I6n dé khéi dong hodc leo déc [4].
Trén o s& cac dac diém, can nghién ctu danh gia kha
nang diéu khién va dap ing mé-men, téc d6 cla loai
doéng co IPM véi muc tiéu ing dung cho hé truyén dong
xe dién.

Trong nghién ctru nay, nhém tac gia cong bé cac tinh
toan, xay dung cau trac diéu khién, mé phong, danh gia
chat luong clia cdu truc diéu khién vector FOC [5], diéu
khién cuc dai mé-men MTPA cho déng co IPM, dac biét la
kha nang dap tng moé-men clia loai dong co nay. Cac két
qua da cho thdy tinh kha thi ctia gidi phap diéu khién va
su phu hgp vé dac tinh co ctia ddng ca véi dac tinh co clia
hé truyén dong xe dién [6, 7], tt d6 md ra cac hudng
nghién ctru mdi trén co s nghién clu nay.
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2. MO HINH TOAN VA CAU TRUC PIEU KHIEN PONG CO
PMSM

2.1. M6 hinh toan dong co PMSM
Céng thic chuyén déi Clarke [8] bi€u dién vector dong
dién stator is gém i, ip, ic trong hé toa do stator c6 dinh
a-b-c thanh mét vector gom hai thanh phan xoay chiéu i,
ig trong hé toa do truc giao dung yén a-f.
L
W2l 2 2.
] 3], V3 V3|
o X2 X245
2 2
Céng thic chuyén déi Park: Vector dong dién trong hé
toa do a-B la vector quay vdi tan sé goc cla tu trudng
stator, dé don gian trong diéu khién, cac dong dién xoay

chiéu nay dugc biéu dién thanh hai dong dién mét chiéu
id, iq [9].

ig | | cos® sind | i
iq | —sin® cosd i

Hinh 3. Dong dién stator trén hé toa d6 ¢6 dinh a-p va hé toa do quay d-q
Hé phuong trinh vi phan mé ta dong co déng bo trén
hé toa do d-q:

U =R + d, +jw, P,
dt (1)
O, =il +0,

Trong d6: us vector dién ap; is vector dong stator; Rs
dién tra stator; Ys vector tir thong; Psq, Psq thanh phan truc
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dq turthong stator; pc s6 cap CUC; isq isqdONg stator truc dq.
Thanh phan dién ap stator truc d-q:

d
usd = Rslsd +aq}5d _wslpsq {Lpsd = iSdLSd + lpp

; . 2)
¥ q = 'squq

_ H d
usq - Rslsq +aq"sq _wslpsd

sq
S S

L L, . ’
Trong d6: T, = RSd T, = Rq la hang s6 truc d, q cua

mach stator, ta co:

di, 1. 1 L.
—= __Isd +_usd + (.l)—lSq
dt Tsd Lsd Lsd
. 3
dlsq Lsd H 1 H 1 L|',p ( )
Z—(J.)S Isd __Isq +—U5q —ws—
dt qu sq sq sq

Hé phuang trinh Laplace mé td déng co PMSM trén hé
toa do d-q.

T L 1
ipP)=—2— w3 +—u 4
sd p 1+pT5d [ s Lsd sq § sdJ ( )
T L
isq (p) = = —Q)S = isq +Lusd - ws & (5)
1+ stq Lsd Lsd Lsd

Gia st J 1a mé-men quan tinh cda rotor, Tc la mé-men
can, ta c6 phuong trinh co hoc sau:
dw w 1

T-T=l—Tw=—S;J=—mr’
e c dt r pc 2 (6)

Vi, J 1a mo-men quan tinh; m(kg): khoi lugng rotor;
r(m): ban kinh rotor.

GOi Usmax 1a dién ap dinh 16n nhat cta bé nghich luy,
gidi han dién ap ctia PMSM sé la:

u
UZ +U2 SUZmax ;Usmax =—% 7
d q \/5 ( )

Gi6i han dong dién i, +i, <i? . . ViFOCdua trén céc
phép chiéu nén dat dugc quy chiéu khong déi va diéu
khién mo-men truc tiép. Trong hé quy chiéu (d,q) biéu
thuc ctia mé-men dugc thé hién nhu sau:

3 . .
Te :Epclsq I:lpm + Isd (Lsd _qu ):| (8)
Két hgp tur cac cong thiic, ta c6 mé hinh dong co IPM
trong hé toa do d-g nhu thé hién trén hinh 4,

2.2, Cau truc diéu khién vector dong co IPM

Trong nghién ctru nay, nhom tac gia xay dung cau trac
diéu khién FOC cho déng co IPM nhu thé hién trén
hinh 5.

Vol. 60 - No. 9 (Sep 2024)

wa |1
Laa
1 Ley
cL Laa
s 1 T Isq
| Lsg | 1+ pTy L
Wo | s
L
Hinh 4. Mo hinh IPM trén hé toa dd d-q
Ude +
el
R® usaiPAk  SVM =
o* T | MR 1 apﬂ !
?_ L FW 1[50 da\ [*9) md, .
BES i
(o}
9s
1sd 1sa,

. iu
N\l e
1sq|dq\ [1sp op | dw [A0.A1

%] Park  Clarke

e

Resolver
Hinh 5. So d6 khi hé thdng diéu khién FOC dong co IPM 6 cdm bién vi tri

Thuat toan diéu khién cuc dai mé-men MTPA cho
déng co IPM nhu thé hién trén hinh 6.

Té hop dong dién sinh ra

cung gia tri mé-men

Hinh 7. T6 hop dong dién i, is; cling tao ra mét gia tri mo men dién ti,
phuong phap diéu khién MTPA
Phuong trinh mé-men dong ca la :

Te :%pcisq |:qu +isd (Lsd _qu )] (9)

Thay gi tri dong dién i, =/’ —iZ, va ldy dao ham

sq

mo&-men theo dong dién ig, ta cé:

me + (Lsd - qu )isd
or, 3
—e - & 9 1 =0 (10)

6i5 2 _(Lsd _qu )Isqﬁ
K \/ls _Isq
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Céng thuc (12) cho phép biéu dién dong isq theo dong
isq d€ dat moé-men 16n nhat.

T - 3p. {lp
HLy

Y, ), cosf3
P

I
—Lg )i 4 +§(qu

-L )2 sin2B

(13)

Ngoai ra, dé moé-men dat gia tri cuc dai thi goc B (géc
gilta véc to dong dién | va truc q) can kiém soat, ti€n hanh
il I khdng ddi, thay déi B cho dén khi T cuc dai. P& tinh
g6c B ta ldy dao ham clia T véi B.

. _3p.
o

< 2L,
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(15)

(16)

Phuong trinh trén cho phép tinh 3 va tur dé tinh dugc

iy ==, sinB.

1

i =
sd 4(

L., —Lsd)(q”“

- o 8L, L, P )

(17)

Phuang phap MTPA cho phép bé diéu khién tim dugc
diém c6 gia tri I nhd nhat véi cung gia tri mo-men yéu
cau, phuang phap nay dugc ap dung & vung téc do dudi
t6c d6 co ban clia déng ca do gidi han vé dién ap.

3. MO PHONG PANH GIA MO-MEN DONG COIPM
Bang 1. Thong s ddng co st dung trong md phdng

Théng sd Gia tri Théng sd Gia tri
(ongsudt dinhmic|  Pan=13kW Dién trd stator | Ry=0,025W
Toc do dinh miic ®dm =2900rpm | Dién dm Ly 0,9209mH
Diéndpdaydinhmic|  Ugn =102V Dién cdm Ly 1,787mH
Dong dién dinh miic lgm = 58A Dién cdm Stator L | 0,1048mH
Tan s6 dinh miic fam = 250Hz Turthong Stator | 0,109Wh
Md-men dinh mtic Mam = 42Nm

Kich ban mé phéng 1: M6 phong mé-men tai la
42Nm, tai t6c dd 2900rpm, két qua dugc thé hién trén

hinh 7, 8.
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Hinh 7. Dap (ing tdc do clia dong co, tai 0,65 toc do dat 2900rpm
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Hinh 8. Dap ting md-men dong co tai toc dd 2900rpm, md-men tai [a 42Nm

Khi tang t6c, m6-men cla déng co Ién han moé-men
dat, sau d6 can bang véi mé-men tai nhu thé hién trén
hinh 9.

Dp img dong dign

i

4\ .
| \H il
WHIHIH H

I .'1..';. .mJHJ

8

’__

i i
ll\ f

MW M “ilrlliw\lllw

Hinh 9. Dap ting dong dién pha dong €6 vdi toc d6 dat 2900rpm, md-men
taila 42Nm

Kich ban mé phéng 2: S dung thuat toan MTPA, téc
d6 2900rpm, mo-men tai 42Nm.
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Hinh 10. Dap (ing mé-men dong co tai tdc do 2900rpm, md-men tai la
42Nm MTPA
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Hinh 10 cho thdy, giai doan tang toc, mé-men dién ti
cla déng ca 16n han mo-men dat. Dén thai diém téc do
dong ca dat 2900rpm, mo-men dién ti can bang véi mo-
men tai.

Kich ban mé phéng 3: S dung thuat toan MTPA, téc
d6 2900rpm, mé-men tai la 25Nm sau 0,7s, va 42Nm sau
1s, k€t qua nhu thé hién trén hinh 11,

Dap mg momen clia dgng co'
—— thomen datiNm}
thomen dién tiNm)

] 0s 1 15
Thoi gian

Hinh 11. Ddp tng md-men ddng cd 25Nm sau 0,75 va 42Nm sau 1s

Tai thoi diém thay d6i mé-men dat [én déng cg, mé-
men dién tU c6 su dao dong, nhung nhanh chéng can
bang vSi mé-men tai.

Kich ban mé phéng 4: M6 phdng MTPA véi téc do dat
2900rpm vGi tai 30Nm. Dén thdi diém 1,2s thi tién hanh
tang toc d6 déng ca dén 5000 rpm, tai 30Nm. Két qua nhu
thé hién trén hinh 12.

Bap irng momen cila déng co'
T

Hinh 12. Ddp ting md-men ddng co khi tang tc tir 2900rpm Ién 5000 rpm

Thai diém dong co tang téc, mdé-men dién tu sinh ra
I6n han mé-men dat, khi téc d6 dong co khéng déi thi
mo-men dién tir can bang véi mé-men dat.
4, KET LUAN

Qua cac két qua tinh toan va mé phéng, c6 thé khing
dinh rang, d6ng co d6ng bd nam cham vinh ctiu cuc chim
IPM cé dac tinh va kha nang diéu khién mé-men phu hgp
vGi hé truyén dong xe dién trong cac trang thai lam viéc
khac nhau nhu: Ché dé khéi dong, leo doc, tang toc va
dam bao moé-men & vung toc dé cao. Péng thoi nghién
clu cling danh gia dugc giai phap diéu khién FOC, diéu

Vol. 60 - No. 9 (Sep 2024)

khién cuc dai mé-men MTPA c6 nhimng két qua rat kha
quan, day la tién dé quan trong cho cac nghién cuu tiép
theo trén co s& két qua clia nghién ctu nay.
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