Tap chi Khoahoc cong nghé Giao théng van tai Tap 13-S63
Sir dung bé diéu khién PID dé thiét ké cho hé thong treo
cha dong trén 0 to

Using a PID controller to design an active suspension
system in a car

Luwu Dic Lich

Trudng Pai hoc Bach khoa - Pai hoc Pa Nang
Tac gia lién hé: Idlich@dut.udn.vn

Ngay nhdn bai: 4/3/2024; Ngay chap nhdn dding: 15/5/2024

Tom tat:

Hé thong treo chu dong duoc ap dung trén cac phuong tién 6 td nham cai thién tinh 6n dinh va thuan tién
trong qua trinh di chuyén. N6 bao gom b chap hanh thay luc hoat dong hai chiéu, lién két gitra phan treo
va khong treo, bo diéu khién cuing cac cam bién. Bo diéu khién dugc thiét ké dé phat tin hiéu téi bo chap
hanh, tao ra luc tuong tac gitra phan treo va khong treo, qua dé, cai thién dugc su ém &i khi xe di chuyén.
Tuy nhién, kha ning tao ra luc ctia bo chap hanh thuy luc ¢d han, vi vay, b diéu khién can duogc thiét ké
dé tin hiéu giri dén bo chap hanh nam trong pham vi phan tng cua né. Trong bai bao nay, tac gia st dung
k§ thuat Anti-Windup ciing bé diéu khién PID dé diéu khién hé thong treo chi dong. Bo diéu khién duoc
m6 phong trén mé hinh dao dong mot phan tu ciia 6 to. Két qua md phong cho thay hé thdng treo chii dong
cai thién dang ké vé d6 ém dju va an toan chuyén dong so véi hé thong treo bi dong.

Tir khoa: Diéu khién PID; Bong luc hoc 8 t6; D6 ém diu; An toan chuyén dong; Hé thong treo cha dong.

Abstract:

An active suspension system is applied in vehicles to enhance stability and comfort during movement. It
consists of a bidirectional hydraulic actuator that connects suspended and unsuspended parts, a controller,
and various sensors. The controller was designed to send signals to the actuator, generating interaction
forces between the suspended and unsuspended parts to improve ride comfort. However, the actuator's
ability to generate force is limited; therefore, the controller must be designed to ensure that the signals sent
to the actuator are within its response range. In this study, the authors utilized anti-windup techniques along
with a PID controller to regulate the active suspension system. This controller was simulated on a quarter-
car oscillation model. The simulation results show that the active suspension system significantly improves
smoothness and motion safety compared with the passive suspension system.

Keywords: PID control; Automotive dynamics; Smoothness; Safe movement of cars; Active suspension system.

1. Giéi thiéu bé mat duong va dam bao rang banh xe luén
tiép xdc véi bé mat duong khi di chuyén. Hai
muc tiéu nay twong ung voi hai tiéu chi chét
lugng cua hé théng treo: Do ém diu va an toan
chuyén dong [2]. Véi hé thdng treo bi dong, dé
dat dugc muc tidu vé d6 ém diju thi do cing cua
hé thng treo can duogc giam xudng, tuy nhién,
viéc giam do cing nay co thé din dén va dap
giita truc xe va than xe, tir 6, giam tinh 6n dinh

O t6 1a mot hé dao dong nam trong méi lién hé
chat ch& véi duong c6 bién dang phuc tap. Dao
dong cua 0 t6, khdng nhiing anh huong dén con
ngudi va hang hoa chuyén cho, do bén caa cac
cum téng thanh, d6 an toan chuyén dong cua &
t6 con anh huong dén tudi tho cua duong [1].
Hé théng treo trén 6 t6 duoc sir dung dé phan
tach dao dong cua than xe khoi su bién ddi cua
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cia & t6. Cho nén, trong quéa trinh thiét ké hé
thdng treo khong chu dong, do cing va hé sb
giam chan phai duoc lya chon nham dam bao
can bang gitra hai muyc tiéu trén.

Hé thong treo diéu khién trén 6 t6 dap ung
duoc yéu cau nang cao d6 ém dju va an toan khi
di chuyén. Hé thong nay duoc phan thanh hai
loai chinh: Hé thdng treo ban cha dong va hé
thdng treo toan chu dong. Trong hé théng treo
ban chu dong duoc nghién cau trong [3], [4],
[5], hé thdng treo sir dung giam chan dién tur
thay vi giam chan bi dong thong thuong. Khi co
tin hiéu dong dién duoc cung cip dén céc ban
cuc bén trong cua giam chan, mot tir trudng
dugc tao ra xung quanh cac ban cuc, lam thay
doi trat ti sap xép cua cac hat sat bén trong co
thé diéu chinh dé thay ddi hé sb can, tir do, luc
tuong tac giira than xe va truc xe cd thé thay doi
[6]. Tuy nhién, diéu nay, van phu thudc vao su
di chuyén tuong ddi gitra hai khéi lugng. Mot
phuong an thay thé khéc 13 diéu chinh d6 ciing
cia b phan dan hoi bang cach sir dung 16 xo
khi nén thay cho 16 xo kim loai truyén thong.
Do cting cua 10 xo khi nén c6 thé linh hoat dugc
diéu chinh dua trén viéc cung cap khi nén vao
cac khoang cua 10 xo [7], [8], [9]. Qua trinh
cung cap khi ty dong hda hoan toan théng qua
viéc diéu khién cac van dién tir mo va dong. Do
d6, hé théng nay con duoc goi 1a hé thdng treo
khi nén va thuong duoc trang bi trén cac dong
xe 6 td con cao cap hoic xe khach c& lon. Mic
di, hé thdng treo khi nén mang lai hiéu qua vé
d6 ém diu lén hon so vé6i hé thong treo ban cha
dong, nhung gia thanh van rat cao va khong
gian lap dat thuong han ché doi voi cac dong xe
c& nho.

Mot cach tiép can khac duoc ap dung dé cai
thién dao dong cua 6 t6 1a sir dung hé théng treo
chu dong két hop véi co cau chap hanh thay lyc.
Hé thdng treo toan cha dong tich hop mot bo
phan chip hanh thay luc hoat dong hai chiéu
giira than xe va truc xe, cho phép kiém soét ca
gia tri va huéng cua luc tuong tac. Van dé can
giai quyét vai hé théng treo chu dong 1a thiét ké
bo diéu khién dé dam bao do ém diu va an toan
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khi di Chuyén trong cac diéu kién bién dong tu
mit duong khong xac dinh va véi sy han ché vé
kha ning sinh lyc ciia bo phan chap hanh.

Trong nghién ciu nay, tac gia dé xuat sur
dung bo diéu khién PID két hop véi k§ thuat
Anti-Windup dé diéu khién hé thng treo chu
dong. Sau d6, mod hinh mot phan tu 6 t6 duoc
m6 phong trén phan mém MATLAB Simulink.
Két qua cua md phong dugc so sanh voi mo
hinh & t6 str dung hé théng treo bi dong va hé
théng treo str dung bo diéu khién PID dé danh
gia hiéu qua ctia phuong phap dé xuét.

Phan con lai caa bai béo dugc sip xép nhu
sau: Phan 2 xay dung mé hinh toan hoc hé
thdng treo chu dong; phan 3 trinh bay chi tiét vé
phuong phép kiém soat, diéu khién hé thdng
treo chi dong; phan 4, trinh bay két qua mo
phong va phan tich danh gia. Cudi cing, dua ra
mot s6 két luan va hudng nghién ciu tiép theo.

2. Xay dwng mé hinh toan hec hé théng treo
cha dong

Hé thdng treo chu dong bé sung bo chap hanh
vao céc bo phan bi dong caa hé thdng treo, md
hinh dao d6ng maot phan tur 6 6 véi hé thong
treo chu dong thé hién nhu trong Hinh 1. Uu
diém cua hé théng nay 1a ngay khi bo phan chap
hanh cha dong hoic hé thong diéu khién bi
hong, cac bo phan bi dong van hoat dong. Sir
dung phuong trinh Lagrange loai 2, thiét lap hé
phuong trinh vi phan chuyén dong cua hé:

m,Z, +b, (2, -2,)+k,(z,—2,)=u (1)

m,Z, —b, (2, —2,) -k (z,-2,) @
+k (2, —q)+b,(2,-q)=-u,

Trong d6, m_la khéi lugng dugc treo; m, 1a

khéi lwong khong duoc treo; k b, 1a do cing

va hé sb can giam chan thu dong caa hé thong

treo; k,,b, 1a do cing va hé sb can nhot cia 16p.

Hé c6 hai bac tu do z,,z, la dich chuyén theo

phuong thing dung cua than xe va truc xe, va
chiéu cao map mé bién dang mat duong.
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Cam bién

Y

B6 didu khiénl

Hinh 1. M6 hinh mét phan tu 6 to
véi hé thong treo chu dong.

Luc tac dong dugc sinh ra bai co cau chip hanh
thiy luc dugce mo ta boi cac ham phi tuyén [10],
bo phan chap hanh véi kha ning sinh Iyc nam
trong giGi han [u™™, u®®"]. Luu y rang, néu
lyc diéu khién thi phuong trinh (1), (2) tré thanh
phuong trinh ctua hé treo thu dong.

Coi U, la dau vao diéu khién, biéu dién
khong gian trang thai cua phuong trinh (1), (2)
tro thanh:

2,=1, (3)
22:_i[bs(zl_z3)+ks(22_24)+ua] (4)
2,=1, (5)

.1 . B
Z,= m [b, (2, —2,)+k,(z,—2,) ©)

—k (z, -2, )-b (2, -%,)-u,]

Oday, z=2,,2,=2,,2,=2,va z,=1,

3. Thiét ké bo diéu khién PID cho hé thang
treo chu dong

So d6 khdi cua hé théng diéu khién PID cho hé
thdng treo, bd phan chip hanh bi gigi han, dugc
minh hoa trong Hinh 2, bao gom ba khéi chinh:
Bo diéu khién PID, bo chap hanh thay luc va
dbi twong diéu khién 1a mé hinh hé thdng treo.
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»u

Bong luc
hoc 6t

Hinh 2. So d6 khéi hé théng diéu khién

Anti-Windup PID.
Trong d6, dai luong dau ra quan tm caa hé thong
|a gia téc dao dong cua than xe y(t), y™ (t) 1a gia
tri dat mong mudn cua dau ra hé thong. Dé ting
tinh &m diu cho chuyén dong cua 6 t, gié tri mong
mudn Ia y™ (t) = 0, vt > 0, hay c6 nghia Ia diéu
khién 6n dinh gia toc than xe. e(t) Ia sai sb gitra
dau ra va gia tri mong mudn cua hé théng diéu
khién.

e(t) =y"* (t)-y(t) )

Nham nang cao chat luong diéu khién, bo diéu
khién phai duogc thiét ké dam bao gié tri luc diéu
khién dugc yéu cdu nam trong kha ning dap
g cua bd phan chap hanh (Anti-Windup). So
d6 bo diéu khién Anti-Windup PI1D thé hién trén
Hinh 3. Bo diéu khién Anti-Windup PID sir
dung mach phan hoi tac dung vao khau tich
phan trong bo diéu khién P1D khi bo diéu khién
yéu cau lyc diéu khién nam ngoai kha nang dap
tng cua bo phan chap hanh. Luat diéu khién
Anti-Windup PID c¢6 thé viét nhu sau:

de(t)

t J(8)

V6i, K, 1a h¢ s6 khuéch dai ty 1€, T, va T, lan

0 =[ K e +—2 ['e(r)dr+K T
u()—[ pe()+Tijoe(r) r+K,T,

1 ¢t
+fL%@mr

luot 1 hang sb thoi gian tich phan va dao ham
cta bo diéu khién PID. T, Ia hang so thoi gian
cua phan héi Anti-Windup, thuong duoc chon
I6n hon T, va nho hon T,, e, (t) la sai léch giira
dau ra ciia bo phan chap hanh va dau ra cua bo
diéu khién, e, (t) = F, (t)—u,(t). Pau ra caa by
phan chap hanh khdng do dugc nén &p dung md
hinh héa thong qua x&y dung mé hinh toan cia bo
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phan chip hanh. Luc yéu cu cua bo diéu khién
u, va lyc do bo phan chap hanh sinh ra F, c6 méi
guan hé nhu sau:

u (t) khi ul™ <u(t) <ul
F,(t) = u  khi u(t) < —u!fwer

a
P ki u(t) > utee

(9)

Cac gia tri bién do khuéch dai va bién d6 pha
thu duoc tir biéu d6 dap wng tan sb dich chuyén
cua than xe sir dung hé théng treo bi dong, nhu
thé hién trong Hinh 3 va 4, duogc sir dung dé xéac
dinh cac tham sb diéu chinh cua bo diéu khién
PID cho mé hinh hé théng treo mot phan tu.
Quy tic diéu chinh Ziegler-Nichols duwoc st
dung dé xac dinh khuéch dai ty I¢, toc do dat lai
va thoi gian dao ham cua cua bo diéu khién PID.
Qué trinh lya chon céc tham sb diéu khién dé
dap tng nhitng yéu cau vé hiéu suit cu thé dugc
goi la viéc diéu chinh bo diéu khién. Zeigler va
Nichols di dé xuét cac quy tic dé diéu chinh cac
bo diéu khién PID (nghia 1a thiét 1ap cé&c gia tri
K,, T, va T,) dua trén cac phan tmg budc thuc

nghiém hodc dua trén cac gia tri cua K, dan

dén su 6n dinh bién khi chi st dung hanh dong
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Hinh 3. D4 thi Bode cua hé théng treo bi dong.
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diéu khién ty 18. Quy tic Zeigler-Nichols duoc
trinh bay ngan gon tai [11], trong d6, mdi quan
hé céc tham s6 cua bo diéu khién PID nhu sau:
K,=0,6K T, =0,5K,,T, =0,125K,, ,voi K, lahe

s6 duoc xac dinh thuc nghiém. Dua vao phuong
phap xac dinh tham sé bo diéu khién PID [11],
két qua thu duoc nhu sau: Kp =120, T, =0.15
va T, =0.00018.

4. Két qua mo phéng

Nghién cau nay st dung phuong phap mo
phong sb dé danh gia hiéu qua cua hé thong treo
cha dong. So db Simulink ctia hé thong treo chia
dong duoc xay dyng va phan tich bang phan
mém MATLAB nhu trong Hinh 4. Pau vao cia
bai toan m6 phong la kich thich tir mat duong
(nguyén nhan chinh giy nén rung dong), dau ra
la céc gia tri lién quan dén d6 ém diu gom
chuyén vi va gia téc than xe, tinh an toan (tai
trong dong). Thuat toan diéu khién Anti-
Windup PID cho hé théng treo chii dong duoc
&p dung vao mo hinh dao dong mot phan tu xe
vai kich thich dang hinh bac va dang hinh sin.
Thong s6 mo hinh trinh bay tai Bang 1.

K hoi luong duoc treo

F:

S
—MFdk  Zsdddk

?

Fsidk
O

&
He thong treo chu dony
Fa renche deng

[Zu] )= 1 =I Zuldk

S
N
|\ho: luong khong duoc treo
=

!—'—W
i
Banh xe

Hinh 4. So d6 mé phong trong Simulink.
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Bang 1. Cac théng s6 ky thuat caa 6 to [12].

Ky higu Gia tri Pon vi
m 290 kg
m, 59 kg
K, K, 190000, 16812 N/m
b,.b, 100, 0 N.s/m
Fover . uer -200, 200 N

¢ Kich thich mat duong dang hinh bac

Két qua md phong véi kich thich dang bac
thé hién trén Hinh 5, 6, 7 va 8, vdi chiéu cao
map mo 0.10 m. Dau ra bo diéu khién u, (t) va
dau ra caa bo phan chap hanh F,(t) twong doi
tring nhau tai Hinh 6. Tai thoi diém 3s va 3.4s,
gia tri dau ra caa bo didu khién vuot qua kha
nang dap tng cua bo phan chap hanh, tuy nhién,
su chénh Iéch khéng 16n va nhanh chéng duoc
xéc 1ap pham vi dap (ng cua bd phan chap hanh.

Hinh 5, 6 va 7 con thé hién gia tc than xe,
d6 dich chuyén than xe va tai trong dong tac
dung xubng nén duong caa hé thdng treo chu
dong so vai hé thong treo bi dong tuong tng.

Gia toc cuia than xe la théng sb quan trong
giup danh gia d6 ém diju cua 6 t6 khi rung dong.
Gia toc duoc so sanh giita hai loai hé thng treo

-500

-1000 -

Luc cua bo phan chap hanh [N]

-1500 1 1 1 1 1 1

Thoi gian [s]

Hinh 5. Luc phat dong cta bo phan chip hanh.
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Gia toc than xe [m/sz]
(4]

trong diéu kién xem xét ca gia trj I6n nhat. Theo
Hinh 6, gié trj dinh cua gia toc khdi lwong duoc
treo c6 thé dat toi 18 m/s?, néu 6 t6 chi sir dung
hé thdng treo bi dong. Nhd vao viéc sir dung
thuat toan diéu khién PID, dao dong cua 0 td
duge dam bao tot hon, mang lai tinh tién nghi
cao cho ngudi str dung.

Gia trj cia chuyén vi trong Hinh 7 khi xe sir
dung hé théng treo bi dong 16n hon nhiéu so voéi
treo chu dong. Gié tri 16n nhat dat duoc trong
truong hop nay 12 0.075 m &ng véi tinh hudng
bi dong va 0.06 m cho tinh huong chii dong.

Tuong ty nhu chuyén vi va gia toc than xe,
tai trong dong st dung hé théng treo chu dong
giam nhiéu so véi 6 td str dung hé thong treo co
khi truyén théng. Diéu nay lam giam hu hong
mit dudng, ting tudi tho, dam bao an toan
chuyén dong cho xe.

20 T T

== Passive
[|romrmees PID control

[

o
T

o

&
T

o

o
—
()

3 4 5 6 7
Thoi gian [s]

Hinh 6. Gia tdc than xe
st dung kich thich dang bac.
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0.08 T T T

— Passive
-------- PID control

Chuyen vi than xe [m]
o o
o o
s [o>]

o

o

)
T

0 1 2 3 4 5 6 7
Thoi gian [s]

Hinh 7. Chuyén vi than xe
str dung kich thich dang bac.

e Kich thich mat duong dang hinh bac sin

Két qua md phong véi kich thich dang sin thé
hién trén Hinh 9, 10, 11 va 12 vai kich thich
dang hinh bac, bién d6 0.1 m. Dau ra bo diéu
khién u, (t) va dau ra cia bo phan chap hanh
F,(t) dép Gmg diéu kién (9). Hinh 10, 11 va 12
thé hién gia toc than xe, do dich chuyén than xe
va tai trong dong cua hé théng treo chu dong so
Véi hé thong treo bi dong twong ung.

Gia tdc duogc so sanh giira hai loai hé thong
treo trong diéu kién xem xét ca gia tri 16n nhat.
Theo hinh 10, gia tri gia toc 16n nhét cua khoi
lugng dugc treo c6 thé dat téi 10 m/s? cho
truong hop & td chi sir dung hé théng treo bi
dong, trong khi hé théng treo cha dong cé gia
tri 16n nhat 1a 5.2 m/s?. Viéc sir dung thuat toan
diéu khién PID cho hé théng treo cha dong
dugce dam bao tét hon, mang lai tinh tién nghi
cao cho nguoi str dung. Gié tri caa chuyén vi
trong Hinh 11, khi xe sir dung hé thong treo bi
dong 16n hon nhiéu so véi treo chu dong. Gia
tri I6n nhat dat dugc trong trueong hop nay 120.1
m ng véi tinh hudng bi dong va 0.052 m cho
truong hop st dung hé théng treo cha dong.

Tuong tu nhu chuyén vi va gia toc than xe,
tai trong dong trong Hinh 12 sir dung hé thong
treo chu dong giam nhiéu so véi 6 td st dung hé
thdng treo co khi truyén thong. Diéu nay lam
giam hu hong mat duong, tang tudi tho, dam
bao an toan chuyén dong cho xe.
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Tai trong dong [N]

5000 T

= Passive

4000 [|xressres PID control

-1000 -

-2000 !
0

3000 [

2000 -

1000 |-

-1000 |-

Luc cua bo phan chap hanh [N]

-2000 .
0

Gia toc than xe [m/sQ]

Chuyen vi than xe [m]

3 4 5 6 7
Thoi gian [s]

Hinh 8. Tai trong dong
str dung kich thich dang bac.

2000

1000 [

3 4 5 6 7
Thoi gian [s]

Hinh 9. Luc phat dong cua bo phan chap hanh.

15 T ] T = Passive
-------- PID control
10
5 ; S %)
0
5t ¥ ¥
101
15 1 L 1 I L
0 1 3 4 5 6 7
Thoi gian [s]
Hinh 10. Gia téc than xe
sir dung kich thich dang hinh sin.
0.15 T T T -
= Passive
------ PID control

3 4 5 6 7
Thoi gian [s]

Hinh 11. Chuyén vi than xe
st dung kich thich dang hinh sin.
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3000 = Passive

PID control

2000

1000

Tai trong dong [N]
o

0 1 2 3 4 5 6 7
Thoi gian [s]
Hinh 12. Tai trong dong
st dung kich thich dang hinh sin.

Nhu vay, nhd vao viéc st dung hé théng treo
cha dong vai thuat toan PID, gia toc, chuyén vi
cua than xe, tai trong dong da cai thién dang ké
so véi hé thdng treo bi dong.

5. Két luan

Bai bao da trinh bay viéc xdy dung phuong
trinh todn hoc ciia mé hinh dao dong mét phan
tu 0 t0 st dung hé thdng treo chu dong, thiét ké
bo diéu khién Anti-Windup PID va tién hanh
mo6 phong dao dong cua mod hinh mot phan tu
xe véi hé théng treo cha dong. Tir két qua md
phong cho thay, hé thdng treo chi dong sir dung
bo diéu khién Anti-Windup PID, gi4 tri cuc dai
va gié tri trung binh cua chuyén vi va gia téc
than xe déu giam dang ké, do 46, d6 ém diu
dugc cai thién hon. Bén canh do, su tuong tac
gitta banh xe va mat duong duoc dam bao tot
hon khi ap dung thuat toan nay, ting tinh an
toan khi di chuyén. Vi vay, su on dinh va tinh
tién nghi cua 6 t6 da duoc cai thién tot hon.

Trong céc nghién curu tiép theo, tac gia tap
trung thiét ké hé thdng treo chu dong st dung
thuat toan du doan MPC, tri tué nhan tao.
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