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TOM TAT

Bai bdo nay dé cap dén viéc phat trién mot hé thdng diéu khién bang cach dp dung phuang phép Sliding Mode Control cho mach vong téc d trong déng co
IPM, duoc st dung trong cac loai 6 to dién. Diém néi bat la viéc ap dung mét céch ti€p can méi trong thiét ké diéu khién, tang cudng kha nang chéng nhiéu va
dam bao do 6n dinh cda dong co trong moi diéu kién van hanh. Bang cach st dung phuong trinh toan hoc cia dong co IPM va Iy thuyét diéu khién Lyapunov,
chiing tdi da phat trién mot bo diéu khién SMC ¢d kha néng tu diéu chinh dé dat dugc hiéu sudt t6i uu trong diéu kién |di xe da dang. Két qua mé phong cho thay
phuang phap diéu khién SMC dé xuat cai thién dang k€ do n dinh ctia 6 t6 dién trong cac diéu kién khac nhau, mé ra hudng tiép can méi cho viéc diéu khién
trong nganh cong nghiép 6to dién. Cac két qua mo phdng trén phan mém Matlab Simulink da xdc nhéan tinh hiéu qua ca bd diéu khién ma ching t6i dé xudt.

Tirkhéa: Diéu khién trugt, IPMSM, xe dién, FOC.

ABSTRACT

This paper discusses the development of a control system by applying the Sliding Mode Control method to the speed loop in IPM motors, which are used in
electric vehicles. The highlight is the adoption of a new approach in control design, enhancing noise resistance and ensuring motor stability under all operating
conditions. By utilizing the mathematical equations of the IPM motor and Lyapunov control theory, we have developed an SMC controller capable of self-
adjusting to achieve optimal performance under diverse driving conditions. Simulation results demonstrate that the proposed SMC control method significantly
improves the stability of electric vehicles in various conditions, introducing a new approach to control in the electric vehicle industry. The simulation results on
Matlab Simulink software have confirmed the effectiveness of the controller we propose.
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1. GIGI THIEU

Cac van dé vé nang lugng va méi trudng dang la van
dé nghiém trong trong thdi dai ngay nay. Trong tinh
huéng nay, xe dién da tré nén quan trong doi vai cudc
cach mang trong giao thong van tai sach [1, 2]. V&i uu
diém vé hiéu sudt va bao vé méi trudng, xe dién dang dan
thay thé cac phuong tién chay bang déng co dét trong.
M6t yéu té quan trong trong xe dién la déng co IPM
(Interior Permanent Magnet), véi kha nang cung cap mat
dd cong suat cao, pham vi téc d6 rong va mémen 16n [3].
Ngoai ra, di kém véi d6 la cac phuong phap dugc strdung
réng rai trong dong ca IPM la diéu khién vecto [4, 5], diéu
khién truc ti€p mémen (DTC) [6, 7],...

Bén canh nhiing lgi ich cia IPM van con nhimng han
ché, viéc diéu khién chinh xac téc d6 va mé-men xodn clia
IPMSM can hé théng vai kha nang diéu khién linh hoat va
chinh xéc. V6i cac phuong phap diéu khién tién tién hién
nay: Backstepping [8-10], Sliding Mode Control [11, 12],
diéu khién ma [13, 14],.. cing da c6 thé cai thién dugc
dang ké han ché dé. Trong nghién ctu nay, ching téi da
diéu khién mach vong t6c dé ctia déng ca IPM trong 6 t
dién bang phuong phap Sliding Mode Control (SMC). Lya
chon nay dua trén cac uu diém vuot trdi ctia SMC trong
viéc xt ly hiéu qua cac khong chédc chén va nhiéu. Doi
chiéu va so sanh véi cac phuong phap khac nhu
Backstepping, m&, SMC dugc danh gia cao vé kha nang
dap tng nhanh va duy tri tinh én dinh cao dudi diéu kién
lam viéc bién d8i va nhiéu 16n.

Trong [15], Hongzhi Wang va cong su da dung PID dé
kiém soat téc d6 PMSM dua trén t8i uu hoa thuat toan di
truyén lugng tl nham t&i uu hé s6 diéu khién tich phan
va vi phan. Fuzhi Jin va cong su [16] dung b diéu khién
PID m¢& dé diéu chinh t6c d6 ddng cd PMSM, ti d6 so sanh
vGi bd PID vé kha nidng chéng nhiéu va do chinh xac.
Mohamed Assaad Hamida va cong su [17] da thiét ké diéu
khién Backstepping cho mach vong téc d6 khong cam
bién cho IPMSM va dua ra nhan xét vé do 6n dinh cling
nhu hiéu sudt ctia hé théng. Trong [18], Yong-Ho va céng
su da st dung bé diéu khién phi tuyén dua trén phuong
phép Backstepping dé cai thién hiéu sudt ca dong co
IPMSM, b udc tinh tham s8 su bién déi cia mémen tai va
phuong phap MTPA dé nang cao hiéu qua tiéu thu dién
nang clia déng co.

Bai bdo nay sé trinh bay phuong phap thiét ké SMC
cho mach vong téc dé trong déng co IPMSM cho 6 to
dién, muc tiéu la cung cap giai phap diéu khién dang tin
cdy va chinh xac cho 6 t6 dién. Chung t6i sé kham pha cau
trdc cta SMC, phan tich sy én dinh va cudi cing la moé
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phong va danh gia két qua trong phan mém Matlab
Simulink.

2. PHUONG TRINH BIEU DIEN DONG CO IPM VA CAC
LUC TAC DUNG LEN XE

Dé thiét ké SMC cho mach vong téc do, ta can phai
biéu dién dong co IPM dudi dang cac phuong trinh toan
hoc, dong thai xac dinh tai bang cac phan tich cac luc tac
dunglén xe.

2.1. M6 hinh héa dong co IPM

Dong co IPM dugc mo ta bang cac phuaong trinh toan
hoc nhu phuong trinh can bang dién d4p, mémen, chuyén
dong,... va mét vai phuong trinh khac nira. Cac phuong
trinh dugc biéu dién trén hé toa d6 dq nhu sau [19-21]:

disd B
Usd:R | +Lsd E- wsqulsq

s'sd

di, .
U =Ryl +L, dtq 0L+, W,
3 (M
Te zipp (Lppisq _isdisq (Lsd _qu ))

T, _Tind_w
p, dt

Trong d0, isq Va isq 1a dONng stato truc dg; R la dién tr&
stato; Ly va Lsq la dién cam stato truc d va g; w;s la toc do
gbc clia dong co; P, la tir théng cuc; pp la s6 cap cuc cta
dong co; Psq la tr thong stato trén truc d va Psq la tir thong
stato trén truc g; T, la moémen tai; J la médmen quan tinh.
2.2. M6 hinh héa cac luc tac dung lén xe

Khi xe chuyén déng trén dudng, khéng tranh khoi cac
yéu t6 bén ngoai tac dong 1én xe, d6 la cac luc can va cac
luc nay lam can tré chuyén déng ctia xe. Mét s6 luc can
do la: luc can khong khi, luc cdn (ma sat) 1an, trong luc, luc
can do do déc,...

Hinh 1. Gac lyc tdc dung |én 6 t6 [22]

Ta c6 thé tinh toan luc can cta khéng khi va luc ma sat
[an nhu sau:

F, = %pCdA(vVeh +v,, )2

F =fmgcosa
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r :i 3’6 Vien (3)
100 104

Trong do: p la mat do khong khi; Cq (thdng thudng:
0,2 < C4 < 0,4) la hé s6 can cua khéng khi; A la dién tich vo
xe (dién tich mat trudc can gio); vw 1a téc dé gid; m la téng
khoi lugng xe va hanh khach; g la gia téc; a la géc doc; f,
[a hé s6 can lan; vyen la tOc A0 xe.

3. THIET KE BO DIEU KHIEN TRUQT CHO MACH VONG
T6C PO

Hinh 2 biéu dién cau tric FOC trén truc toa d6 dq cho
déng co IPM. T hinh 2 c6 thé thay mach vong téc do su
dung bo diéu khién SMC, con ddi véi mach vong dong
dién st dung bé PI. Déi véi 6 t6 dién can diéu khién &
vlung téc dd cao nén bé diéu khién SMC sé lam tang dé
6n dinh cta hé théng khi cé nhiéu va cac thanh phan
bén ngoai.

Pt $=0 ta thu dugc thanh phan diéu khién bén
ving:

T.= i[pTPTL + w*} (©)
Py

Theo tiéu chudn én dinh Lyapunov, khi V xac dinh
duong va dao ham riéng bac mot lién tuc va xac dinh ntra
am thi hé théng 6n dinh. D& ddm bdo s.5<0, luat
Exponential Reaching c6 dang sau dugc chon [23].

s=—esgn(s)—ks,e>0,k>0 (7)
Vi sgn la ham dau [24]:
1 if s>0
sgn(s)=40 if s=0 (8)
-1 if s<0

Do do, tin hiéu diéu khién truot (SMC) dugc thiét ké

theo dang sau:
DC

I Usd Yo f i
w* MTPA -4
| v IR
2 5 Usg vy | L JE
SsVM
. ) iso
Isd Isq
Park Clark by
isq isg e
e

IPMSM

Hinh 2. Cau triic FOC

Ta dinh nghia sai léch gilra t6c d6 mong muén va téc
dé phan héila: e=w"—w 4)

Trong dé w’ la gia tri mong muodn, w. Lay dao ham sai
léch ta dugc:

é:(b*—d):da*—pT"(Te—TL) (5)

Trong d6, J |a mémen quén tinh, T. [a mémen tai, pp la
s6 doi cuc.

Dé dam bao diéu kién én dinh V <0 mét trugt s duoc
xac dinh nhusau: s=e=>s=¢€
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Load

T, :_—J(ks —p—pTL -0+ ssgn(s)j 9)
P, J

Chon ham Lyapunov V :%sz .Pao hamV ta duogc:
V=s3 (10)

V:s.é:é:w—w*:s{pr(Te—TL)—w*}

:S[p_P{__J(ks_&TL—w*+£sgn(s)]—TLj—(b*} (11)
J{p, J

=s(—ks—esgn(s)) = —(e|s| +ks ) <0
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4. MO PHONG VA DANH GIA KET QUA

Dé kiém chiing bé diéu khién SMC, ta tién hanh mo
phong trén phan mém Matlab Simulink véi cac théng sé
nhu thé hién trong bang 1, 2.

Bang 1. Thong 56 dong co IPM

Théng sd Gia tri
Dién trd stator, R, 6,5e-3 0hm
Dién cam trucd, Ly 1,597e-3H
Dién cdm truc g, Ly, 2,057e-3H
Momen quan tinh, J 0,09kg.m?
S6 ddi cuc, pp 3
Dién ap 1 chiéu, V. 550V
Bang 2. Thong 50 xe va méi trudng
Théng sé Gia tri
Khdi lugng xe + tai 2018kg
Ban kinh banh xe 0,3m
Ty s6 hop truyén 9,73
Tdc do toi da 130km/h
Dién tich tac dung 2,3m?
Khéi lugng riéng cta khong khi 1,25kg/m?
Do doc dutng 0
Hé s6 can lan 0,02

Ta chon duding dat téc dé nhu chu trinh chudn noi dé
cla chau Au ECE. Hinh 3 thé hién dap ung téc d6 cla
déng co IPM khi st dung bo diéu khién SMC. Nhin vao
hinh ta c6 thé thay t6c dé phan hoi da bam sat véi téc do
dat, tuy nhién & cac giai doan chuyén trang thai van con
chat giao déng nhé nhung khéng dang ké.

T
ool — H
o / \ .
3500 l \ -
/ \
3000) e v —
-———— / \
- \
i [ / ‘
b \ \
| \ / \
o /
et rI \ r \
000~ I\ ] \ | \ y
Jo | \ | \
R I \ I \
| | B - | | [
1

Hinh 3. Dap (ing toc do xe
Dé xac minh hé théng cé 6n dinh khéng néu bi tac
dong bdi nhiéu va cac thong s6 bén ngoai, tai sé dugc
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thay d6i dot ngot & thai diém t = 45s. Hinh 4 1a mot phan
clia chu trinh chay hién thi dap tng cda téc dé néu ta cho
tai thay déi dot ngét.

3000 —svcH

2000 2754 . \ -

| 2152
/

Ewm | 2150,

/ 248 —r—+—)

- 45| 451 452 463 4
1000~ \ s
soof- \ i

Hinh 4. Dap (ing clia toc do khi tai duoc thay ddi dot ngot

Ta thdy khi thay déi tai, t6c d6 da bi dao déng nhung
kha nho va ngay sau d6 lai bam sat véi toc do dat. Biéu
nay ching minh dugc véi SMC, du nhiéu tac dong doét
ngdt thi hé théng van c6 thé gilr dugc su én dinh tét.

DPudng mémen dugc biéu dién nhu trén hinh 5.

0 10 20 0 0 50 60 0 80
Time (s)

Hinh 5. Két qua dutng moomen xoan

Trong hinh 5, khi déng co hoat dong 6 viing dudi téc
dé dinh muc (cu thé 1a 1200 vong/phat) thi mémen
khong déi. Nhung khi déng co hoat déng & viing toc do
trén téc dé dinh mdc thi mémen suy gidm dan dé cé thé
tang t6c d6, do nguén cho xe dién la ngudn hiu han nén
ta khong thé tang dién ap mai dugc, vi vay dé tang toc
do cao ta phdi gidam tU thong, ma tu thong ty Ié thuan
véi mOmen nén momen sé gidm. Véi kha nang hoat
dong véi toc d6 cao nhu vay thi diéu nay dac biét phu
hagp véi 6 to dién.
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Ngoai ra véi dudng dong dién, dé dé dang trong viéc
diéu khién, ta can diéu khién tach kén hai dong isq va isq.
Hinh 6 thé hién dap Ung dong dién. Va dé c6 thé huy
déng dugc mét lugng mémen I3n, ta can diéu khién dong
isa nhd hon 0.

30

isd

200 = |
300 -

0 10 F) @ ) ) ) 0 )
Time (s)

Hinh 6. Két qua dutng dong dién
5. KET LUAN

Nhu vay, viéc 4p dung phuong phép diéu khién SMC
vao mach vong téc dé trong dong co IPM cho 6 t6 dién
da dugc nghién ctiu trong bai bao nay. Qua viéc phan tich
va thiét ké bd diéu khién SMC, ching t6i da chiing minh
dugc kha nang cai thién tinh én dinh va giam thiéu anh
hudng clia nhiéu. Tuy nhién, phuong phap SMC gap phai
mot s6 han ché nhu hién tugng chattering, yéu cau phan
cling manh mé dé xu ly tin hiéu nhanh, va tiéu thu nang
lugng cao do su chuyén déi lién tuc. Trong tuong lai,
nghién cliu sé hudng dén viéc t6i uu héa SMC dé giam
thi€u cac han ché nay va nang cao hiéu suat cing nhu
hiéu qua nang lugng. Két qua nay vira nang cao dugc hiéu
qua ctia déng co IPM ma con thuc day su phat trién cda
cac phuong tién dién, gop phan vao van tai bén vimng.

TAI LIEU THAM KHAO

[1]. Sanquesa J. A., Torres-Sanz V., Garrido P., Martinez F. J., Marquez-
BarjaJ. M., “Areview on electric vehicles: Technologies and challenges,” Smart
Cities, 4/1,372-404, 2021.

[2]. Garg A., Vijayaraghavan V., Zhang J., Lam J. S. L., “Robust model
design for evaluation of power characteristics of the cleaner energy system,”
Renewable Energy, 112,302-313, 2017.

[3]. Ou J., Liu Y., Doppelbauer M., “Comparison study of a surface-
mounted PM rotor and an interior PM rotor made from amorphous metal of

Vol. 60 - No. 9 (Sep 2024)

high-speed motors,” IEEE Transactions on Industrial Electronics, 68/10, 9148-
9159, 2020.

[4]. Tang X., Zhang Z,, Liu X,, Liu C,, Jiang M., Song Y., “A novel field-
oriented control algorithm for permanent magnet synchronous motors in 60
coordinate systems,” In Actuators, 12/2,9, 2023.

[5]. Marufuzzaman M., Reaz M. B. I., Rahman L. F., Chang T. G., “High-
speed current dq Pl controller for vector controlled PMSM drive,” The Scientific
World Journal, 2014.

[6]. Zhang Z., Liu X, “A duty ratio control strategy to reduce both torque
and flux ripples of DTC for permanent magnet synchronous machines,” IEEE
Access, 7,11820-11828, 2019.

[7]. Abassi M., Khlaief A. Saadaoui 0. Chaari A. Boussak M.,
“Performance analysis of FOC and DTC for PMSM drives using SVPWM
technique,” In 2075 16th International Conference on Sciences and Techniques
of Automatic Control and Computer Engineering (STA), 228-233, 2015.

[8]. Igbal M. A., Memon A. Y., “Robust backstepping sensorless speed
control of PMSM using cascaded sliding mode and high gain observers,”
In 2019 International Symposium on Recent Advances in Electrical Engineering
(RAEE), 4, 1-6, 2019.

[9]. Trabelsi R., Kheder A., Mimouni M. F., M'sahli F., “Backstepping
control for an induction motor with an adaptive Backstepping rotor flux
observer,” In 18th Mediterranean Conference on Control and Automation,
MED'10, 5-10, 2010.

[10]. Rebouh S., Kaddouri A., Abdessemed R., Haddoun A., “Adaptive
backstepping speed control for a permanent magnet synchronous motor,” In
2011 International Conference on Management and Service Science, 1-4, 2011.

[11]. Zhao K., Yin T., Zhang C,, Li X., Chen Y., Li T., He J., “Sliding mode-
based velocity and torque controllers for permanent magnet synchronous
motor drives system,” The Journal of Engineering, 2019/23, 8604-8608, 2019.

[12]. Feng L., Deng M., Xu S., Huang D., “Speed regulation for PMSM drives
based on a novel sliding mode controller,” JEEE Access, 8, 63577-63584, 2020.

[13]. Mani P., Rajan R., Shanmugam L., Joo Y. H., “Adaptive fractional
fuzzy integral sliding mode control for PMSM model,” /EEE Transactions on
Fuzzy Systems, 27/8, 1674-1686, 2018.

[14]. Asri A., Samat A., Fazli M. N., “Reqular paper Speed Control Design
of Permanent Magnet Synchronous Motor using Takagi-Sugeno Fuzzy Logic
Control,” J. Electrical Systems, 13/4, 689-695, 2017.

[15]. Wang H., Xu S., Hu H., “PID controller for PMSM speed control based
on improved quantum genetic algorithm optimization,” IEEE Access, 2023.

[16]. JinF.,Wan H., Huang Z., Gu M., “PMSM vector control based on fuzzy
PID controller,” Journal of Physics: Conference Series, 1617/1, p. 012016, 2020.

[17]. Hamida M. A., Glumineau A., De Leon J., “Robust integral
backstepping control for sensorless IPM synchronous motor controller,”
Journal of the Franklin Institute, 349/5,1734-1757, 2012.

[18].JeonY. H., JungS. H., Choyl., Cho W., “Nonlinear and adaptive back-
stepping speed control of IPMSM,” The Transactions of the Korean Institute of
Power Flectronics, 18/1, 18-25, 2013.

HaUl Journal of Science and Technology | 89



CONG NGHE https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

[19]. Hou P., Wang X., Sheng Y., “Research on flux-weakening control
system of interior permanent magnet synchronous motor based on fuzzy
sliding mode control,” In 2079 Chinese Control And Decision Conference (CCDC),
3151-3156, 2019.

[20]. Song Z., Mei X., Tao T., Xu M., “The sliding-mode control based on a
novel reaching technique for permanent magnet synchronous motors,”
Electric Power Components and Systems, 47,16-17, 1505-1513, 2019.

[21]. Xinghua Z., Qitai T., Ting W., “Direct torque control of interior
permanent magnet synchronous motor with maximum torque per ampere,”
In 2076 IEEE 11th Conference on Industrial Electronics and Applications (ICIEA),
1519-1524, 2016.

[22]. B. K. Bose, Modern Power Electronics and AC Drives. Prentice Hall,
2002.

[23]. Jinkun Liu, Xinhua Wang, Advanced Sliding Mode Control for
Mechanical Systems. Springer, 2011.

[24]. Foo G., Rahman M. F., “Sensorless sliding-mode MTPA control of an
IPM synchronous motor drive using a sliding-mode observer and HF signal
injection,” IEEE Transactions on Industrial Electronics, 57/4,1270-1278, 2009.

AUTHORS INFORMATION

Duong Minh Chien, Nguyen Van Hoa, Tran Trong Hieu,
Ngo Quoc Truong, Cao Van Hao, An Thi Hoai Thu Anh

Faculty of Electrical and Electronic Engineering, University of Transport
and Communications, Vietnam

90 | Tap chiKhoa hoc va (6ng nghé Trudng Dai hoc (dng nghiép Ha Noi Tap 60 - 509 (9/2024)



