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TOM TAT

Bai bdo nghién ciru mé phong diéu khién hé truyén luc 6 té thuan dién (BEV) bang céng
cu Matlab/Simulink, tap trung vao viéc danh gia hiéu qua bo diéu khién PID cho toc dé mé to dién
nam chdam vinh cieu (PMSM). M6 hinh nghién civu tich hop hé thong truyén luc co khi quy dan va
bé diéu khién PID dé phan tich ddc tinh déng hoc trong cdc diéu kién vdan hanh ¢é tai va khéng tdi.
Két qua mé phong khang dinh b diéu khién PID dép ving tot kha nang thay doi toc do va duy tri 6n
dinh hé thong. Viéc tinh chinh cdc tham sé PID dong vai tro quyét dinh trong viéc giam thiéu hién
tirong vot 16 va t6i wu héa hiéu sudt van hanh. Nghién cuu dé xudt mét mé hinh mé phong tin cdy
cho thiét ké hé thong diéu khién xe dién, tao tién dé dé phat trién cdc cau hinh truyén déng phirc tap
va thir nghiém véi chu trinh 1di thue té trong twong lai.

Tir khoa: O 6 thuan dién; Hé tho”'ng truyén luc o to dién; Mo phong; Bo diéu khién PID;
Mo to dien nam cham vinh cvu (PMSM).

ABSTRACT

This paper investigates the simulation-based control of a Battery Electric Vehicle (BEV)
powertrain using Matlab/Simulink, focusing on evaluating PID controller performance for
Permanent Magnet Synchronous Motor (PMSM) speed. The research model integrates a reduced
mechanical powertrain with a PID controller to analyze dynamic characteristics under both loaded
and no-load conditions. Simulation results confirm that the PID controller effectively responds
to speed variations while maintaining system stability. Fine-tuning PID parameters is decisive
in minimizing overshoot and optimizing operational efficiency. This study proposes a reliable
simulation model for electric vehicle control system design, providing a foundation for developing
complex drive configurations and testing with real-world driving cycles in the future.

Keywords: Battery Electric Vehicles (BEV); Electric Vehicles Drivetrain System,; PID
controller; Permanent Magnet Synchronous Motor (PMSM).
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1. PAT VAN PE

Theo nhitng nghién ctru cho thiy cac
phuong tién van tai sir dung dong co dot trong
tidu thu t6i 30% nang lugng toan thé gidi [1]
va tao ra téi 17% luong phat thai khi nha kinh
gay hai [2]. Trong bdi canh 6 nhiém méi truong
tao ra cic hiéu Gmg bién doi khi hau ngay cang
nghiém trong, xu huéng thay thé 6 t6 st dung
dong co dét trong bang 6 to dién (BEV- Battery
Electric Vehicle) duoc coi 1a giai phép tiém
nang thay thé cho xe sir dung dong co ddt trong
(ICEV) dé giam thiéu khi thai va bao vé moi
truong [2]. Mic du ¢6 nhiéu vu diém nhu hiéu
suat chuyén doi nang luong cao (trén 90%),
van hanh ém 4i va khong gy 6 nhiém, BEV
van con mot s6 han ché nhu pham vi di chuyén,
gia thanh va tudi tho pin. Hé truyén dong dién
- co dong vai tro quan trong trong qua trinh
chuyén ddi dién thanh co nang hoac nguoc lai,
anh huong dén hiéu sudt van hanh cia xe. Vi
vdy, viéc tién hanh nghién ctru mé hinh hoa hé
théng va moé phong diéu khién hé truyén dong
nay 1a can thiét nham t6i vu hoa hiéu suit ning
lugng str dung, nham kéo dai tudi tho pin va cai
thién tinh dong lyc cua 6 t6 dién.

Muc tiéu nghién ctru nham phat trién
mot mo hinh mé phoéng cho hé truyén luc cia
0 t0 chay di¢n, tir d6 phan tich hiéu qua hoat
dong ca timg c4u hinh truyén dong va dé xuat
céc phuong an cai tién nham ning cao tinh kinh
té va hiéu suat hé thong.

2. MO HINH HOA HE VA MO PHONG
PIEU KHIEN

2.1. M6 hinh hé truyén lyc 6 té thuan dién

Mo hinh truyén lyc dién - co khi 6 to
thuan dién bao gdm hai thanh phan chinh: mé
to dién va hé truyén luc co khi. So d6 khéi hé
truyén luc dién - co bao gém: mo to dién, ly

hop, hop $0, truyén luc chinh, vi sai, ban truc,
cum banh xe nhu thé hién trén hinh 1 [3, 4].
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Hinh 2. M6 hinh thu gon hé truyén lyc

Trong do: K, C13 J, - DJ cling, h¢ )
can, m6 men quan tinh tong cong quy dan cia
ly hop, truc hop s0; K, C,, 1, K, C,, I, - Do
ctng, hé so can va m6 men quan tinh quy dan
cua ban tryc trai va phai; J,, J, - M6 men quan
tin‘h cua :bénh xe trai/phai; T - M6 men tir bo
dieu khién mo to dién.

Don gian héa mo6 hinh nghién ctru, quy
dan mo6 men quan tinh cac banh xe, ban truc
vé vi tri bd truyén luc chinh - vi sai va bo qua
cac anh huéng cia cac yéu to can téi hé thong
truyén Iyc. M6 hinh hé truyén lyc thu gon nhur
thé hién trén hinh 2. Biéu thirc md men quan
tinh quy dan va tong cong c6 dang:
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J'=J,+(my,.1,).cos0+J; +(my,.1,).cos 0 (1)
Js =J'+(my,_.1,).cos(0i, )+ J, 2)

tlc

Jy =Js +(mr).cos(0i, .0, ) (3)

Mo hinh sau khi quy din bao gom céc
thanh phan chinh (hinh 2) bao gom: mé to dién
dac trung béi m6 men T, mo men quép tinh
J,, goc quay tryc mo to 0 ; h¢ thong truyén luc
duoc quy dan véi cac dic trung: mé men quan
tinh J, gbc quay 0, m6 men cé}n T,. Phuong
trinh dong lyc hoc mo ta h¢ thong truyén lyuc
dién - co quy dan:

Jl*él :Tl_cl*(él_éo)_Kl*(el_eo)

2.2. M6 hinh mé to di¢n va diéu khién mé
to dién

Trong cac dong 6 t6 di€n thuong mai
hién nay, mdé to dién nam cham vinh ctu
(Permanent Magnet Motor - PMM) dugc st
dung pho bién trén cac loai 6 to dién thuong
mai, dic biét 1a loai md to dién dong bd xoay
chiéu 3 pha PMSM [5]. PMSM c6 nhimng uu
diém vuot troi vé hiéu suat, do bén va kha ning
diéu khién. Trong nghién ciru nay sir dung mo
to dién loai nay. M6 hinh toan moé to dién dong
bd xoay chiéu 3 pha dugc thé hién ¢ bang dudi

[6].

, L 4
Jy#0,=C *(‘91 _00)_K1 *(91 _90)_%
Noi dung Biéu thirc
d
sq = Rsixq +%+ a)swsd
Phuong trinh dién ap Stator: t (5)
— R l + d¢§d
sd s"sd dt s¢sq
d !
, = Ril, + =+ (0,-0,)g),
Phuong trinh dién ap Rotor: t' (6)
=R+ 220 (0, - 0,)0)
dt ‘ !
3 . .
]:3 = 5 p (delsq - del.vq )
. da)m
Phuong trinh céc dai luong co: T-T,=J 7 +Bw, (7)
do,
W, =
dt
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; Trong do: Oy Py la tir thong stator truc
q, d.

Trong qua trinh van hanh cua mé to
dién, ba dai lugng chinh gém' téc 4o quay, mo
men xo0dn va cong suit c6 moi quan h¢ tuong
hd chit ché. Sy thay doi cia mot thong sb s&
kéo theo sy bién thién twong mg ctia hai thong
s6 con lai. Tuy thudc vao yéu clu cu thé cua
timg Ung dung, chién lugc diéu khién sé& tap
trung vao mot trong ba dai lwong nay. Ddi véi
ung dung trén 0 t6 dién, huéng nghién cuu tap
trung vao viéc diéu khién toc do.

Trong nghién ciru nay sir dung bo diéu
khién PID. PID sir dung ba thanh phan ty 1¢ P
(Propotional), tich phan I (Integral) va dao ham
D (Derivative) MJi thanh phan P, I, D c6 mot
hé so twong ung (K, K, va K)) dé diéu chinh
muc d anh huorng cua thanh phan do den tin
hiéu diéu khién. Viéc diéu chinh cac hé sb nay
la rat quan trong dé dat duoc hiéu suit diéu
khién tot nhat. So do cu tric bd diéu khién
nhu thé hién trén hinh 3.

Phuong trinh toan hoc biéu dién mbi
quan h¢ gitra tin hi¢u diéu khién u(t), sai léch
(e(t)) theo thoi gian (t) duoc biéu dién dudi
day:

de(1)
u(t)=Ke(t +Kj t)dt+ K, (8)
dt
Trong do6: u(t) — Tin hiéu diéu khién tai
thoi diém t; e(t) — Sai léch gitra gié tri dat va gia
tr1 hién tai cua blen s tai thoi diém t; K, - H¢
50 ti 18 K, - H¢ s tich phan; K, - H¢ s0 dao

ham; Ie(t)dt— Tich phan cua sai 1&ch tir thoi
0

, . de(t
diem 0 dén t; —() — Pao ham cua sai 1éch
theo thoi gian.

T\-Iel(u

an dap [ Tehphimia | z B4 digu khign T‘éc d
ga dang oo

Daoh:m Kd

Hinh 3. So' do minh hoa mé phong diéu khién toc
do mo to dién bang PID

Thong thuong, viéc chon cic thong sb
K,, K, va K thuong duoc xac dinh thong qua
thuc nghiém dua trén dap tng xung cua hé
thong. Phuong phap Ziegler - Nichols duoc sir
dung dé hiéu chinh tham s6 PID cho mé hinh
quan tinh bac nhat c6 tré. Phuong phéap can xac
dinh dugc gia tri gidi han cua khau ti 1€ K, Va
chu ky gidi han cia h¢ kin T, . Hai thong 5O
€161 han nay dugc xac dinh tir chuong tr1nh mo
phong thue nghiém hinh thanh cac thong sb bo
diéu khién nhu bang 1.

Bdng 1. Gid tri théng sé bé diéu khién PID.

B ditu Cic thong s6 b diéu khién
Kkhién
KP I(l I<D
PI 0,5.K - -
gh
PI 0,45.K 0,83.T -
gh gh
PID 0,6.K 0.5.T 0,125.T
gh gh gh

2.3. M6 phéng hé truyén dong dién

M6 phong hé théng truyén dong dién
duoc thuc hién trén nén tang Matlab/Simulink
v6i cac khdi chirc nang chinh gém (Hinh 4):
Khéi tin hiéu dau vao (1) (gém ban dap ga va
bo diéu khién PID), khéi chuyén dbi tin hiéu
co thanh tin hiéu xung diéu khién bién tan (2);
khéi bién tan diéu khién dong co 3 pha (3),
khdi mé to dién (4), khdi hé thong truyén luc
va dong luc hoc than xe (5), khdi ngudn dién
xoay chiéu (6) [7].
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Tin hi¢u diéu khién va bo diéu khién
PID 1a dau vao cia hé théng dé xac dinh van
tbc mong mudn. Tin hiéu nay sé& thay doi lién
tuc phu thudc vao diéu kién hoat dong cua xe:
phan tng ctia nguoi 1ai, van tdc chay xe, tinh
trang duong va tinh huéng cu thé. Khi nghién
ctru xay dung mo hinh truyén dong di¢n, tin
hiéu ban dap ga dugc md phong lam dau vao
cho bd diéu khién PID. Tin hiéu ban dap ga va
b6 diéu khién PID dugc mé ta nhu hinh 5.

nee . : r
e 0] j LSS

L L S

=1 . e |-

el

Hinh 4. M6 phong hé truyén dong 6 té dién trong
Matlab-Simulink

o — 3? |

Hinh 5. Khoi Simulink mé phéng tin hiéu ban dap
ga va bé diéu khién PID

Phuong phép diéu khién toc do mé to
duoc ap dung trong nghién ctru 13 diéu ché tan
s6 thong qua k¥ thuat PWM, nhu minh hoa &
hinh 6. Nguyén 1y diéu khién dua trén viéc thay
d6i tan s6 cua chudi xung dién ap cap cho mo
to nham diéu chinh toc do quay. Ngudn cung
cap cho bién tan duoc gia dinh 1a ngudn mot
chiéu 1y tuong. Thi ty kich xung duoc thiét
lap dé diéu khién cac mach cong suét sir dung
IGBT. Mach nghich luu ba pha st dung sau
IGBT, dugc dicu khién theo nguyén 1y PWM,
duoc thé hién trong Hinh 7.

e |
-'I'..

s g

Hinh 6. Khoi Simulink bg diéu khién phat xung
PWM

—— —
" 1

—
F -l

i :
& & i
Hinh 7. Khéi Simulink bé nghich lieu ba pha 6
IGBT

l.ll!.!

Khéi mé hinh dong lyc hoc 6 t6 dugc
md ta trén hinh 8.

o
[:_T'_.

Ll

s Drynarms: 1l

Hinh 8. Khoi Simulink mé phong déng lwc hoc
theo phwong doc cua 6 to

3. MO PHONG VA KET QUA

3.1. M6 phong hoat dong hé truyén luc 6 to
dién

Céac thong s6 dau vao thuc hién mo
phong dugc thé hién trén bang 2.
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Bdng 2. Cdc théng s6 dau vao cho mé hinh mé phong

STT Théng s6 Ky hiéu Gia tri Pon vi
1 M6 men quan tinh khdi lugng banh xe I 2,0 [kg.m?]
2 Mo men quan tinh khéi lugng ban truc I ) 7,952.108 [kg.m?]
s i o s o L e e
4 | M6 men quéan tinh khéi lugng banh ring hop s6 T, 0,003 [kg.m?]
5 Khoang cach giira hai banh xe d 2,8 m
6 Chiéu dai ban truc r, 1,6 m
7 | Khoang céch giira vi sai va hop sd T, 0,1 m
8 | Khéi lugng banh xe m, 19,5 kg
9 Khéi lwong ban truc m, 11,8 kg
10 | Khéi luong vi sai m 9,5 kg
M6 phong hoat dong cua hé truyén luc T
0 hai che do: mo to chay khong tai va co tai. -
a) Ché dd mé to chay khong tai: Mo |
phéng v6i vi tri ban d;_lp ga sao cho md to dién T
dat toc do mong muon la 1500 (v/p). Két qua T 11 [w]
mo phong vé toc do (hinh 9) va md men tir A
truong mo to dién (hinh 10). Hinh 11. Bdc tinh mo men tir truong mo to dién
(Ché dé co tai)

f
I l| III"‘l "

_)I
]

Hinh 9. Bdc tinh téc do mé to dién
(Ché do khong tai)

L]

o |

-

- - - - - - - - -

Hinh 10. Bdc tinh moé men tir truong mo to dién
(Ché do khong tai)

'—ILLW T T T T

Hinh 12. Bién thién cwong do dong dién di vio
Stator khi co tai

Khi xe khoi dong (khoang thoi gian
t = 0,025s), tde do quay cta md to dao dong
manh rdi giam dan vé muc on dinh. M6 men tir
truong dao dong manh dé thang luc can cia bo
truyén dong. M6 men tir truong am do luc can
quan tinh cta bo truyén dong nén chuyén qua
ché d6 may phat.
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b) Ché @9 mé to chay c6 tai: Duy tri
vi tri ban dap ga c6 gia tri mong mudn dé toc
d6 mo to dat 1500 (v/p). Két qua mé phong thé
hién vé téc do, md men tir trudng cua mo to
dién va cuong do dong dién di vao stator nhu
thé hién trén hinh 11, 12.

Khi 6 t6 khoi dong (thoi gian t = 0,03s),
toc do dao dong lién tuc sau do dén 6n dinh. Mo
men tir trudng ting manh nhim vuot qua mo men
quéan tinh ban dau cta 6 t6, mdé men tir trudng
am do lyc can quan tinh cta bo truyén dong nén
chuyén qua ché d6 may phat. Do mo men ti 18
thuan voi cuong do dong dién, nén khi mé men
tang, dong dién stator cling dat gia tri cao tuong
tg. Didu nay phii hop véi nguyén 1y hoat dong
va thé hién su dap tng tot ciia dong co dién.

3.2. Két qua md phéng bd truyén dong sir
dung b{ dieu khién PID vdi tai trong

Trong qua trinh mo phong bo truyén
dong & ché do khong tai, co tai va thay doi te
d6 thi hé thong xay ra hai truong hop do tré va
“vot 16”. Bo diéu khién PID dugc thiét ké nham
giam thiéu hai hién tuong nay, két qua dugc thé
hién qua Hinh 13 va Hinh 14.

Jl-tl I l _ 7

)

Hinh 13. Bdc tinh toc dé mé to dién khi sir dung
bo dieu khién PID (Xuat hién vot [0)

W

-« - ”

| L= |
| . |
- 1 | | | |
| ,/ |
o | | | |
J |
o
1 m

Hinh 14. Pac tl’nh téc do mé to dién khi sir dung
bé dieu khién PID (Xuat hién do tre)

=

1

o
|
I

il

Hinh 15. Bdc tinh toc d6 mé to dién khi sir dung
bé diéu khién PID

n.n-n:|
H ;

|
Riag e==

Hinh 16. Ddc tinh mé men tir truong cua mo to
dién khi sir dung bé diéu khién PID

Cac tham sb nay duogc lya chon mot
cach ngau nhién dé co thé dap tng vé toc do
ngd ra/ vao nhung chua phai 1a bo tham sd tot
nhit. Két qua mo phong cho thay véi nhiing
khoang thoi gian dau: (0-0,02) s va (0,02-0,04)
s, dap tmg tdc do kha nhanh. Tuy nhién, trong
khoang thoi gian (0,04-0,07) s dap tmg toc do
cham hon. Thém vao d6, xay ra do vot 16 mdi
khi thay d6i tbc do cao hon so véi dinh mirc.

Do anh hudng cua cac yéu to nhu quan
tinh khéi lugng va lyc ma sat, van tde thuc té
ctia hé théng ludn co do 1éch nhat dinh so véi
gia tri dat dau vao. Két qua mé phong trén hinh
15, phai mat khoang thoi gian t = 0,16s m&i
dan 6n dinh toc d6 & gia tri mong muén. Sau
khi tinh todn va thtr nghiém da chon dugc cac
thong s6 phit hop cho b¢ diéu khién PID: K, =
0,01035; K, =12,77; K =12,564.

B diéu khién PID s& dwa vao toc do
datN_, yé tbe d§ thuc té do tl‘l" cam bién dé di’éu
chinh dau ra nham dat dugc toc 40 mong muodn.
Két qua md phong cho thay khi st dung cac

tham s0 co dinh K, K|, K hé thong c6 sai s0 &~
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nho va dam bao kha ning van hanh. Ting tdc
on dinh hon va di dan theo dudng toc do mong
muon sau do chay on dinh.

Dap tng dién 4p va dong dién cua md
to dién cho thay dang song cua 3 dong dién pha
ctia md to (Hinh 17). Cac d4p tng cho thiy thoi
gian xéac 1ap luén nho va do vot 16 cia toc do va
dong dién cling nho hon gidi han cho phép.

F

Hinh 17. Bac tinh dién ap va dong dién mo to dién

Phuong phap Ziegler - Nichols dugc ap
dung dé hiéu chinh cac thong sé diéu khién dua
trén dac tinh phan hoi tir d6 thi. Viéc tinh chinh
cac h§ 5O K, K| va K gitp giam dang ké do
vot 10 cua toc d9, mé men va dong dién dong
co giam xubng dic biét 1a o vot 16 cua dong
dién giam dang ké. Diéu nay s& gitip cho dong
co va thiét bi dong cat cling nhu linh kién ban
dan cong suat bén hon. Cac két qua thu dugc tir
mo phong cho thdy bo PID da dap tmg tot yéu
cau van hanh cta hé thong truyén dong dién.

4. KET LUAN

Nghién ctru da xay dung thanh cong mo
hinh mé phong hé truyén dong 6 t6 dién (BEV)
trén Matlab/Simulink, tich hgp déc tinh dong
hoc ctia mo6 to PMSM va hé truyén Iuc co khi.
Két qua md phong khang dinh bo diéu khién
PID sau khi tinh chinh tham s6 gitup hé thong
dat do on dinh cao, giam thiéu vot 16 va dap
g t6t cac dicu kién van hanh khac nhau. Day
12 md hinh nén tang tin cay cho vi¢c thiét ké hé

thong diéu khién xe dién. Cac nghién ctru tiép
theo s& tap trung tich hop ché do phanh tai sinh
va mo rong cdu hinh dan dong da cau dé hoan
thién tinh thyc tién cta hé thong. %
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