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TOM TAT

Bai bdo nay trinh bay mét nghién civu vé g dung ciia b diéu khién PID (Proportional-
Integral-Derivative) vao hé théng treo ban tich cuc voi muc dich cdi thién hiéu sudt dao dong cua
6 16. Hé thong treo ban tich cuwc dwge trinh bdy trong nghién citu nay cé thé thay doi luc cdan ciia
phan tir giam chdn bang cach thay déi cuwong dé tir truong xuyén qua né. Mot mé hinh dao dong mot
phan tw xe di dwoc xdy dung dé mé phong dao déng theo phwong thiang dimg ciia 6 16 khi di trén
dwong. Nghién civu da tién hanh dp dung bé diéu khién PID dé diéu khién luc can gidm chdn nham
cdi thién dé ém diu cho xe khi di chuyén. Nhém tdc gia da tién hanh mé phong, danh gid dao déng
ciia xe khi di chuyén véi diéu kién mdp mé mat dwong loai B-C theo tiéu chudn ISO 8608:2016.
Két qua thu dwoc khi mé phong dao ddng véi hé thong treo khong cé diéu khién sé dwoc mang di
so sanh véi hé thong treo c6 diéu khién. Két qua chitng minh rang hé thong treo ban tich cue diroc
diéu khién bang bé diéu khién PID c6 vin toc, gia toc va chuyén vi ciia thin xe theo phirong thiang
dimg da dwoc cdi thién ré rét khi so sanh véi hé thong treo thu dong trong ciing diéu kién vdn hanh.
Nghién curu nay xac nhdn hiéu qua cua phu’o’ng phap diéu khién PID trong viéc cdi thién chat lwong
ldi xe va ddt nén tang cho viéc phdt trién thém cdc thudt todn diéu khién tién tién cho hé thong treo
xe.

Tiw khoa: Hé lho”hg treo ban tich cuc; BY diéu khién PID; Hé th(fng treo thu dong.
ABSTRACT

This paper presents a study on the application of a PID (Proportional-Integral-Derivative)
controller to a semi-active suspension system to improve the vibration performance of the car. The
semi-active suspension system presented in this study can change the resistance of the damper
element by changing the magnetic field intensity through it. A quarter-vehicle vibration model was
built to simulate the vertical vibration of the car when traveling on the road. The study applied PID
controller to control the damper resistance to improve the smoothness of the car when moving. The
authors simulated and evaluated the vibration of the car when moving on the bumpy road surface
type B-C according to ISO 8608:2016 standard. The results obtained when simulating vibration
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with the uncontrolled suspension system will be compared with the controlled suspension system.
The results demonstrate that the semi-active suspension system controlled by a PID controller has
significantly improved vehicle velocity, acceleration, and vertical displacement when compared
with the passive suspension system under the same operating conditions. This study confirms the
effectiveness of the PID control method in improving the ride quality and lays the foundation for
further development of advanced control algorithms for vehicle suspension systems.

Keywords: Semi-active suspension systems,; PID controller; Passive suspension.

1. TONG QUAN

H¢ thong treo déng vai trd quan trong
trong viéc dam bdo d6 ém diu, do 6n dinh va
kha nang diéu khién cia xe trong qué trinh van
hanh. Hé thdng treo khong chi gitip dam bao
ém diu ma con anh huong rat 16n dén tinh 6n
dinh cua xe khi chuyén lan dudng ciing nhu
kha nang tuong tac gitra banh xe va mat duong
[1]. Trong nhiing nim gan day, viéc nghién
ctru va phat trién cac hé thng treo théng minh
nhu hé thong treo ban tich cuc (semi-active
suspension) di thu hut sy quan tim dang ké
trong linh vyc ky thuat 6 t6. Khac vi hé thong
treo thu dong truyén thong, hé thong treo ban
tich cuc cho phép diéu chinh hé sé can giam
chén mét cach linh hoat tuy theo diéu kién mat
duong va trang thai van hanh cuia xe, tir do cai
thién dang ké kha ning giam rung va do 6n
dinh than xe [2].

Mot trong nhitng phuong phap diéu
khién duoc 4p dung rong rii trong viée didu
khién hé théng treo 1a bd diéu khién PID
(Proportional — Integral — Derivative). Day la
mot phuong phap dat hiéu qua cao nhd vao ciu
trac don gian, dé trién khai va c6 kha ning hi¢u
chinh thong sb linh hoat. B diéu khién PID
giam thiéu dao dong va lyc tac dung 1én than
xe, qua d6 nang cao d¢ ém diu ciia xe ma khong
lam anh hudéng dén d6 6n dinh [3].

Trong boi canh yéu cau ngay cang cao

vé chét luong van hanh va sy thoai mai cho
ngudi st dung, cac nha san xuat 6 t6 dang khong
nglmg cai tién hé thong treo thong qua cac thuat
toan diéu khién hién dai [4]. Tuy nhién, chi phi
va tinh phirc tap cuia hé thong treo tich cuc hoan
toan (active suspension) khién hé théng ban
tich cuc trd thanh lua chon tdi uu vé mat hiéu
qua chi phi va ky thuat [5]. Do d6, viéc nghién
clru va tmg dung cac bd diéu khién nhu PID
trong hé thng treo ban tich cuc 1a hudng di
phi hop, dap tmg ca yéu cau k¥ thuat va kinh té
trong thuc té san xut va sit dung xe.

Muc tiéu cua nghién ctru nay la xay
dung mot mo hinh hé théng treo ban tich cuc sur
dung bo diéu khién PID dé danh gia kha ning
cai thién do ém diu cua xe thong qua md phong
trén nén ting mo phong s6. Két qua thu dugc s&
duoc so sanh véi hé théng treo thu dong nham
lam rd hiéu qua cua giai phap diéu khién duoc
dé xuit.

2. XAY DUNG MO HINH DAO PONG
CUA XE

Nghién ciru nay da tién hanh xay dung
mot md hinh dao dong Y xe dé mo phong va
danh gia hiéu qua cua bd didu khién. Do dic
diém don gian va dé mo phong nén mé hinh
Y4 xe cho phép danh gia hiéu qua cta bo diéu
khién mot cach truc quan va chinh xac.
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Hinh 1. M6 hinh hé thong treo ban tich cuc %

Trong hinh 1 1a m6 hinh dao dong "4
xe, trong do: khdi lugng dugc treo ky hicu la
m; trong truong hop nay, m_ s€ bang Y tong
khéi lugng than xe. Chuyén vi theo phuong
théng dung cua than xe dugc biéu thi bang zZ.
Khéi lugng khong treo dugc ky hi¢u la m_ dal
dién cho khéi luong ciia banh xe va cac co cau
lap trén banh xe. Chuyén vi theo phuong thang
dung cua khi luong khong dugc treo dugc
ki hi¢u la z . H¢ thong treo dugc mo hinh hoa
bang cach sir dung to hop 16 xo0 va glam chan
dd ctng cua 10 xo va hé s6 can giam chin duoc
ki hi¢u lan luot 1a k_va b.. Bién dang duong
duong dugc ki hi¢u la z. Lop c6 do cirg nhung
kha ning giam chan rat nho va dugc coi bang 0,
dq cung 7cﬁa 16p dquz ky hi¢u la k; u(t) la luc
di€u khién cua h¢ thong treo, luc nay dugc bo
diéu khién dua ra. Bo giam chan MR bao gom,
luyc ma sat va luc giam chin c¢6 thé diéu khién
dugc, duoc biéu thi bang u(t).

Duya vao dinh luat Newton — Euler va
mod hinh ¢ hinh 1, cac phuong trinh vi phan mé
ta dao dong ctia xe duoc biéu dién nhu sau:

mZ =k (z,-z,) +b,(z,-z) T u (1)

mZ, =k (2,-2)-b,(2,-2) tk,(z,-2,)-u (2)

Trong qua trinh thiét ké bo diéu khién
cho h¢ thong, nhém nghién ctru da lya chon

phuong phdp mé hinh hoa khong gian trang
thai dé biéu dién dong hoc hé thong. Phuong
phap nay cho phép chuyén d6i cac phuong
trinh vi phan bac hai thanh hé phuong trinh vi
phan bac nhét, tir d6 tao diéu kién thuan loi cho
viéc phan tich va tong hop diéu khién. M6 hinh
khong gian trang thai da dugc chung minh la
hiéu qua va duoc sir dung phd bién trong nhidu
nghién cuu quéc té. Viéc lya chon cac bién
trang thai phu thudc vao muc tiéu thiét ké va
cach tiép can ctia ngudi thuc hién. Cac bién nay
can thé hién duoc cac dic trung dong luc hoc
quan trong cua hé thong cung nhu dap tng yéu
cau quan sat hodc diéu khién. Trong nghién ciru
nay, cac bién trong phuong trinh vi phan mé ta
hé théng treo dugc chon loc va td chirc thanh
vécto trang thai mot cach hop Iy nham dam bao
mo hinh hoéa chinh x4c hanh vi ctia hé thong.
Tt cac phuong trinh (1) va (2), mo hinh khong
gian trang thai ctia hé thong co thé duoc biéu
dién dudi dang tong quat nhu sau:

X(t) = A*X(t) + B*u(t) + L*z_(t) (3)

Trong d6, A 1a ma tran h¢ s khong d6i
n*n va n bang sb trang thai; B va L 1a vécto n*1
hé s khong doi; X(t) 1a trang thai va la vécto
n*1; u(t) 1a lyc didu khién, 1a dau vao gia tri
vO hudng; x (t) la mat cat duong 1a gia tri vo
huéng. Phuong trinh (3) c6 thé dugc viét lai
nhu sau:

0 1 0 0 0 0
AN E N AR
%S _|mg omg o omoom | %s Am *{ui @
z, |10 0 0 1 z,| |0 z,
| |k ko okekooko|Z ]| -1 Kk
o, moom o myom,

3. KICH THUOC MAP MO MAT PUONG

ISO 8608: 2016 14 tiéu chuan dugc sir
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dung pho bién nhét hién nay trong cac tinh toan
dong luc hoc 6 to. Tiéu chuan nay phan biét cac
dang dudng theo mat do phd cong suit (PSD)
va chia chiing thanh 8 loai v6i1 ky hiéu quy ude
tir A dén H [6].

h(x) = Z\/E? 107 (A ]cos(Zn1Anx+qJ) (5)

Cong thire (5) cho phép tinh toan va
v& d0 thi mo ta chiéu cao map mé mit duong
theo dich chuyén x. Ham h(x) s& duoc st dung
lam ham kich thich trong mé hinh chuyén dong
tong quat ciia O to v4i cac loai duong khac
nhau. Néu coi 6 t6 chuyén dong déu v6i van tde
v thi biéu thirc tinh d6 cao mip mo theo bién x
c6 thé viét lai theo bién thoi gian t nhu sau:

h(t)= Z\/_? 107 [ o= ]cos@mAthﬂp ) (6)

Mép md bé mit ctia cac loai dudng theo
ISO 8608:2016 dugc thé hién trén 1 khoang
chiéu dai 200m trén hinh 2. Trong nghién ctru
nay, 4 loai duong theo ISO 8608:2016 da duoc
thir nghiém, bao gom: loai dudong B-C (duong
t6t), duong C-D (duong trung binh), duong
D-E (dudng x4u) va duong E-F (dudng rat xdu)
duoc khao sat.

i

-

VL
TN

displacement Of P50 §m)
4 -

Hinh 2. Mdap mé mdt dwong theo tiéu chudn ISO
8608:2016

4. THIET KE BQ PIEU KHIEN PID

Muc tiéu cua hé théng diéu khién 1a
xac dinh lyc giam chén t6i wu trong giéi han
lam viéc cua bd giam chin tur (MR), nham cai
thién hiéu suat giam dao dong cho khéi luong
dugc treo. Trong nghién ciru nay, nhom tac
gia ap dung bo diéu khién PID (Proportional—
Integral-Derivative), mot phuong phap diéu
khién c6 dién pho bién véi cau trac don gian,
dé trién khai va c6 kha nang dap ung tot voi
nhiéu diéu ki¢n van hanh.

Bo diéu khién PID hoat dong dua trén
ba thanh phan: thanh phan ty 1¢ (P) phan (mg
nhanh véi sai 1éch tic thoi, thanh phan tich
phan (I) gitp loai bo sai 1éch 6n dinh, va thanh
phan vi phan (D) cai thién phan tng nhanh va
giam dao dong. Tin hiéu diéu khién dugc tinh
theo biéu thuc:

de(t)

u(t) = K e(t) + K, j e(t)dt + K, 7)
Trong do, e(t) 1a sai sb giita dau vao
mong muon va phan hdi hé thong, KK, K, lan
luot 1a h¢ s6 khuéch dai ciia cac thanh phan P,
I, va D. Qua trinh diéu chinh cac thong so PID
K, K, K) dong vai tro then chdt trong viée
dat duoc hiéu nang t6i uu cua hé thong diéu
khién. Cac hé s6 nay duoc tinh chinh théng qua
moé phong, nham dam bao hé thong dat duoc
cac muc tiéu vé do 6n dinh, thoi gian qua do, va
mirc d6 giam rung ctia khdi luong dugc treo.

Trong nghién ctru nay, hé thong treo
duoc tuyén tinh hoa tai timg ving véan toc lam
viéc. O mdi ving, bd diéu khién PID duoc diéu
chinh dé phu hop véi dic tinh dong hoc cia
hé théng tuong tng. Viéc lya chon gid tri PID
dugc thuc hién bang phuong phap thir nghiém
thong qua mé phong trén moi truong MATLAB/

Simulink. Céc tiéu chi nhu giam thiéu bién do &
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dao dong, rit ngin thoi gian qua do, va gisi
han d6 vot 16p duoc str dung dé danh gia hiéu
qué diéu khién. Cac thong s cua hé thong ding
trong mo phong dugc trinh bay trong bang 1.

Bdng 1. Théng s6 ciia bé diéu khién PID

Control
. K K K
variable P 1 d
s Ql -28.3762 53802.3547 3435.782
'Z' 126.2147 2667.58116019004 0

Sau khi xac dinh xong thong s6 dau vao
ctia by diéu khién PID, nhém tac gia tién hanh
chay chuong trinh mé phong hé thong treo Y
v6i thong sb dau vao: m_ bang 450 kg, m bang
48 kg, k_ bang 26500 N.m, k bang 175000 N.m
vab_bang 1200 N.s/m.

5. KET QUA KHAO SAT

Nhom tac gia da tién hanh mo phong
hoat dong cua hé¢ théng treo ban tich cuc trén
phan mém mo phong sb, dong thoi nhom
nghién ctru d3 tién hanh khao sat va so sanh
chét luong dao dong cua hai h¢ théng treo thu
dong thong thuong va treo ban tich cuc trén cac
loai mit duong khac nhau nhu: dudng map mé
hinh sin, duong loai B-C theo tiéu chuan ISO
8608:2016, voi van téc di chuyén cua xe 1a 40
(km/h).

== =C0 b dibu khién PID
ring o b3 dubu khain

I_s (m)

10 15
Thiri ian (s

(@)

(b)
Hinh 3. Dao ddng ciia 6 t6 khi di chuyén trén mat
dirong map mé hinh Sin:
a) Chuyén vi theo phwong thang dirng ciia thén xe,
b) Gia téc theo phirong thang dimg ciia thin xe

Két qua trén hinh 3 cho thiy khi di trén
mit duong map mé hinh sin c¢6 chiéu cao méap
mo la 0.08 m thi hé théng treo ban tich cuc
dugc ung dung bo diéu khién LQR cho thiy
dao dong va gia toc than xe theo phuong thang
dung da duoc cai thién, dic biét 1a voi phan gia
toc than xe, & 5 gidy dau cia mo phong gia toc
than xe da duoc cai thién ro rét.

= =Cé bé disu khién PID_
[——Khéng cé bé digu khién|

(b)
Hinh 4. Dao déng ciia 6 16 khi di chuyén trén mt
dirong map mé dang B-C:

a) Chuyén vi theo phwong thiang dimg ciia thén xe,
b) Gia téc theo phirong thang dimg ciia than xe
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Két qua trén hinh 4 cho thay khi di trén
mit duong map mo dang B-C thi hé théng treo
bén tich cuc duoc tng dung bo diéu khién PID
cho thiy bién do dao dong va gia toc than xe
theo phuong thang dung di duogc cai thién rd
rét, cho phép nhom tc gia co co so dé trién khai
cac nghién ctru tiép theo. O gidy thir 10 trong
két qua mo phong hinh 4a cho thay ca bién do
dao dong va gia tdc déu co su cai thién rd rét
(khoang 15%) so v6i hé thdng treo thuong.

6. KET LUAN

Trong nghién clru ndy, nhém téc gia da
xay dung mo6 hinh dong luc hoc cho hé théng
treo mot phan tu (1/4 xe) va trién khai thanh
cong bo diéu khién PID dé diéu khién lyc giam
chan ciia hé thong treo ban chu dong st dung
giam chin tir (MR). Két qua mdé phong cho
thdy bo diéu khién PID c6 kha ning cai thién
dang ké d6 ém diu va chat luong dao dong cia
xe 5o voi hé thong treo thy dong truyén thong.
Céc thong s diéu khién c6 thé dugc hiéu chinh
linh hoat dé dap ung cac tiéu chi hiéu suat khac
nhau trong timg diéu kién van hanh cu thé. Két
qua nghién ctru 1 co so quan trong dé nhom tac
gia tiép tuc phat trién va t6i wu hoa cac phuong
phap diéu khién hé thong treo ban chu dong
trong cac nghién ctru tiép theo. Pong thoi, day
cling 1a tién dé dé ap dung bd diéu khién PID
trong cac hé théng thuc té, hudng téi viée nang
cao chat lugng van hanh va d¢ thoai mai cho
hanh khach trén cac phuong tién giao thong
hién dai.«
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