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STUDY ON THE APPLICATION OF PID CONTROLLER IN AUTOMOTIVE SEMI-
ACTIVE SUSPENSION SYSTEM
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TOM TAT

Hé thong treo ban tich cuc dang dwoc sit dung ngdy cang phé bién trén 6 té con hién dai. Pé
dat duoc d‘&ng thoi hai muc tiéu la do ém diu va an toan chuyén dong, no can ¢ co ché dieu khién
phit hop. Pd cé nhiéu céng trinh nghién civu céng bé vé viéc sir dung cdac bo diéu khién khdc nhau
trén hé thong treo ban tich cuec, trong dé ¢é bg diéu khién PID. Tuy nhién, kha ning g dung ciia
PID trong thye té van chira dwoc khang dinh ré rang. Bai béo trinh bay mét sé két qua nghién ciru

tinh todn 1y thuyét nham danh gid hiéu qua ciia bo diéu khién PID trong hé thong treo ban tich cuec.

Tiwr khoa: Hé théng treo thu dong; Heé théng treo ban tich cuc; BY diéu khién PID; PJ ém

diu; Hé sé tat chan.
ABSTRACT

Semi-active suspension systems are increasingly being used in modern passenger cars. In
order to achieve two goals at the same time: ride comfort and safety, it needs a suitable control.
There have been many published studies on the use of different controllers on semi-active suspension
systems, including the PID controller. However, the applicability of PID in practice has not been
clearly confirmed. The article presents some results of theoretical calculation to evaluate the

effectiveness of PID controller in semi-active suspension system.

Keywords: Passive suspension, Semi-active suspension, PID controller, Ride comfort;

Damping coefficient.
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1. PAT VAN PE

Céc hé thoéng treo thy dong truyén
théng, khong thé cung mot luc dat dugc ca
hai muc tiéu 1a ém dju va an toan. Céc két qua
nghién ciru thé hién trén hinh 1 cho thay, khi
hé s6 tit chin nho, thi hé théng treo rat ém diu,
nhung tinh an toan lai khong cao va nguoc lai

[5].

o) day, tinh an toan dugc thé hién thong
qua d6 bam duong cua 16p, vi 46 bam duong
kém lam giam kha ning truyén luc theo tat ca
cac phuong va cac banh xe phai hoat dong véi
do truot cao.

Khi d6, cac tic dong diéu khién nhu
tang toc, phanh va chuyén huéng déu co hiéu
qua thip. Hon nita, sy trugt ciia banh xe dan
dén mét 6n dinh va hé qua la mét an toan.

+

Thap <—— Mirc tdt chin — Cao

Hinh 1. Méi quan hé gitta do ém diu va tinh an toan

Vi nhiing 1y do trén, dé c6 thé dat duoc
déng tho1 ca hai muc tiéu la ém diu va an toan,
nguoi ta bude phai sir dung cac hé thong treo co
diéu khién. Trong do, h¢ théng treo ban tich cuc
(semi-active suspension) dugc su dung rong rai
hon ca nho ¢6 hé thong didu khién khong qua
phirc tap va mic do st dung ning luong thap

[4].

Trén thyc té, viéc didu khién hé thong
treo ban tich cuc dugc thuc hién bang cach thay

d6i hé sb can ciia giam chan. Co hai phuong
phép thong dung: thay d6i hé sd can bang cach
thay d6i dién tich lwu thong (Orifice based
Semi-Active Suspension) va bang cach thay ddi
do nhot nho tir tinh (Magnetorheological Fluid
based Semi-Active Suspension).

Nhu viy, ban chit chung cia hé thong
treo ban tich cyc 1a diéu khién thay d6i hé sb
can giam chén nham dat duoc déng thoi tinh ém
diu va an toan. V4i quan diém xdy dung mot
hé théng diéu khién don gian va hiéu qua, bai
bao trinh bay mot s6 két qua nghién ciru danh
gi4 kha ning st dung bo diéu khién PID trén hé
thong treo ban tich cuc.

2. MO HINH DAO PONG HE THONG
TREO THU PONG (PS)

Dé nghién ciru hé théng treo co dicu
khién (tich cuc hodc ban tich cuc) c6 thé su
dung mo hinh don gian véi hai khéi luong nhu
trén hinh 2. Trong ’d('), m 1a khoi luc_mg khong
duogc treo, m, la khoi lu(_)’ng‘duoc treo. Lop dugc
coj nhu mot bd phan dan héi véi do cf{ng c,. H¢
thong treo dugc mo ta thong qua phan tir dan
hé{i v6i do cung ¢, va giam chén v6i hé s6 can k.
bé xéc dinh vi tri ctia cac khoi lugng dao dong,
ta sir dung cac pé toa do z, va z,. Bién dang mat
duong dugc the hi¢n qua toa do z,.

20

zo(t)

Hinh 2. M6 hinh hé thong treo
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Hé¢ phu:(mg trinh vi phan mo ta chuyen
dong ctia cac khdi lwong c6 thé duoc thiét lap
bang nhiéu phuong phap khac nhau. Véi so d6
nhu trén hinh 2, h¢ phuong trinh vi phan dugc
viét nhur sau:

zl)—cz(zl—zz)—k(z'1 —22)

m,z, :cz(zl —22)+k(z', —2'2)

mz =c (z, -

(1)

Céc sd lidu tinh toan cho mé hinh dong
luc hoc duoc 1ay theo [17: m, =59 kg; m =338,5
kg; ¢, = 190000 N/m; ¢, = 15000 N/m; k_= 450
Ns/m; k = 1070 Ns/m.

3. MO PHONG HE THONG TREO BAN
TICH CUC (SAS)

2,0

1

k F
© HJ z1(t)

zoft)

Hinh 3. M6 hinh hé théng treo ban tich cuc

Trong hé théng treo ban tich cuc, luc
can cua giam chan duoc thay doi lién tuc boi
bd diéu khién nham dap tng tot nhét ca hai muc
tiéu: ém diu va an toan. Pé mo ta hoat dong
ctia hé thong, co thé s dung cac dang so dd
mo phong khac nhau. Trong nghién ctru nay st
dung phuong phap bu luc véi so d6 nhu trén
hinh 3. Dua trén cac théng tin vé trang thai cua
cac khdi luong m, vam, by diéu khién lién tuc
diéu chinh lyc F sao cho dat dugc cac muc tiéu
da dé ra. V6i so dd nhu trén hinh 3, hé phuong
trinh vi phan mé ta hé thong duoc viét nhu sau:
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-z))-¢,(z—2,)-k(z,-2,)+F
z,)-F
Dé giam thiéu kha ning tich banh xe

mz, =¢ (Zo

)

m,z, =c, (z1 —22)+k(z'1 -

khoi mat duong, nén giéi han F <m, g [4].
Mip mé dwong

Trong céc nghién ctru vé dao dong 6 6,
kich thich tir mit duong co thé duoc mo ta thong
qua cac dang mép mod don (dang sin, chir nhat,
hinh thang,...) hodc map mo ngau nhién.

Mép mé dang sin (hinh 4) thuong dugc
str dung dé mo ta va cham dot ngot cua banh xe
v6i vat can trén duong do c6 két cau don gian,
d& thyc hién. Hon nira, chiéu cao cua méap md
tang dan nén banh xe c6 thé 1an qua map moé mot
cach lién tuc, tranh dugc hién tugng nay 1én khoi
bé mit tiép xuc.

Hinh 4. Mdp mé dang sin

Bién thién chiéu cao map mo theo truc
doc x duogc viet dudi dang:

lH(l—cos(zﬂﬁn khi 0<x<lL
z(x) =12 L (3)
0 khi x<0 , x=>L

Dé khao sat hoat dong cua hé théng treo
trong dicu kién sat véi thuc t€, nguoi ta thuong

sir dung map moé mit duong dang ngiu nhién.

Theo ISO 8608, map mdé mit dudong
duoc mo ta thong qua ba thong s6 co ban la tan
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sd khong gian, bién dang duong va ham mat
d6 phd PSD (Power Spectral Density). Tan sd
khong gian n dugc tinh bang sé chu ky trén mot
mét duong. Bién dang dudng duoc hiéu 14 bién
thién chidu cao mp mé theo truc doc cua dudng.
PSD 1a ham mat d6 pho cua chiéu cao map mod
ctia mat duong tinh theo tan sb n:

Gd(n>=Gd(no>(ni] e

Trong cong thirc trén, n 14 tan s6 khong
gian (chu ky/m), n; la gia tri tham chiéu cua n
(du’()’c lay ng = =0,1 chu ky/m), G (n,) la mat do
pho & tan so n,. Khi tinh toan céc loai duong 6
t6, chi s6 w thuong dugc chon bang 2.

Tir ham mét d6 phd (4), bién thién chiéu
cao map mo mat duong theo truc doc (x) duoc
mo ta bang cong thirc:

z(x) = z\/ﬂf‘ 10° (A jcos(2ﬂ1Anx+(p)(5)

Trong do, ¢, la pha ngau nhién (bién
thién trong khoang 0, 2m), hé s6 k dugc xac dinh
theo loai duong (duoc quy dinh cu thé trong ISO
8608).

Trong nghién ctru nay da str dung ba loai
dudng map mo ngau nhién (A, B, C) theo ISO
8608 nhu trén hinh 5.
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Hinh 5. Mdp mé ngdu nhién theo ISO 8608

B¢ diéu khién PID

Bo diéu khién PID (hinh 6) gom c6 ba
khau: ty 1€ (Proportional), tich phan (Integral) va
vi phan (Derivative). Phuong trinh mé ta bo diéu
khién PID c6 dang:

u(t) = K e(t) + K, jo e(r)dr+K, %e(l‘) (6)

Trong do, r(t) 1a ngudng can dat, u(t) 1a

tin hiéu diéu khién, e(t) 1a sai 1éch diéu khién,

y(t) la dap {ig ctia hé thong, K 1a hé sé ty 18, K.
12 h€ s0 tich phan va K 1a h¢ so vi phan.

So d0 nguyén ly diéu khién hé thong treo
ban tich cuc voi PID duoc thé hién trén hinh 6.

r(t) elt):

r rut & thé
K’I e(r)dr 4@_‘& Hé thong | Y1)
. i treo

) : >
delr)
dt

- e d

Hinh 6. So do nguyén Iy diéu khién hé thong treo

Muc tiéu cua viéc diéu khién 1a triét tiéu
sai s6 xéc 1ap, giam do qua diéu chinh, giam thoi
gian qua do va giam dao dong. Dé dat duogc cac
muc tiéu trén, can xac dinh gia tri cua cac hé )
Kp, K, vakK,

Tiéu chi danh gia

Nhu da trinh bay trén day, hi€u qua cua
hé thdng treo ban tich cuc thé hién théng qua
céc tidu chi danh gia do ém dju va tiéu chi thé
hién do bam duong. Thong thuong, d6 ém diu
duoc danh gia thong qua cac thong sé dao dong
than xe, nhu bién dd, van tdc va gia tbc dao
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dong. Viéc danh gid 46 bam duong phurc tap hon
nhiéu. Bé danh gia so bo, co thé str dung ap luc
tr banh xe 1én mat duong F. Vi so d6 nhu trén
hinh 3, ta co:

Fy=(m+m,)g—c/(z,—z) (7

M&i quan hé trong cong thirc (7) cho
thiy, gi;:lm thiéu (z, — z,) la mdt trong nhing giai
phép dé tang d6 bam duong cua banh xe [2].
Giai phap nay thuong dugc sir dung dé thiét ké
cac bo didu khién t6i wu cho hé thong treo ban
tich cyc. Tuy nhién, day 1a van d& phc tap, doi
hoéi nhitng nghién ctru chuyén sau trong linh vuc
didu khién. Vi muyc tiéu danh gia vé bo didu
khién PID, trong nghién ctru ndy, d6 bam dudng
s& duoc danh gia truc tiép bang cac gia tri cua
luc F .

4. KET QUA VA NHAN XET

H¢ phuong trinh vi phan mo ta dao dong
cua hé théng treo voi bd diéu khién PID dugc
giai cho kich dong mat duong dang sin vai bién
dd 0,12 mm va dudng ngau nhién theo ISO
8608, gom céc loai A, B, C va D.
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Hinh 7. Bién do dao dong than xe
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Hinh 8. Van téc dao dong than xe
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Hinh 9. Gia toc dao déng thin xe

Trén céc hinh 7 — 9 thé hién két qua tinh
toan cho kich dong dang sin, trong do dd thi nét
dut (PS) twong Gmg vé6i dic tinh cta hé théng
treo phu thudc va nét lién (SAS) tuong tmg véi
hé théng treo ban tich cuec.

Co6 thé nhan thay rang, khi h¢ thong treo
c6 dieu khién, cac thong s6 dao dong cua than xe
deéu gidm manh vé bién dJ va s6 lan dao dong.

Cac két qua trén cho thiy, hé thong treo

ban tich cuc v6i bo diéu khién PID c¢6 tinh ém
diu vuot trdi so voi hé thong treo thu dong truyén

thong.
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Hinh 10. Bién do dao dong than xe
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Hinh 12. Gia téc dao dong thén xe
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Cac d6 thi trén cac hinh 10 — 12 thé hién
két qua tinh toan cho truong hop 6 to chuyén
dong voi van téc 40 km/h, kich dong ngau
nhién tor duong loai C theo ISO 8608. Ciling
tuong tu nhu ddi véi kich dong sin trén day, hé
thdng treo voi bo didu khién PID da thé hién
hi€u qua 10 rét trong vi¢c nang cao d¢ ém diu.

Dé so sanh mdt cach cu thé hon hai loai
hé théng treo thu dong (PS) va ban tich cuc
(SAS), gia tri binh phuong trung binh (RMS)
cua gia ’téc than xe Z, va ap luc mat duong F
dugc thong ké trong bang 1 (duong loai C, V =
40 km/h).

Badng 1. So sanh hé cac loai hé théng treo

Loai Z, (m/s?) Fy(N)
Thu dong 0.584 3949
Ban tich cyuc 0.183 4193
Hiéu qua (%) 68.66 5.82

C6 thé thiy rang, néu nhu d6 ém dju ting
manh nho gia tc than xe giam t6i hon 68%, thi
ap lyc mat duong dugc cai thién khong dang ké,
chi ting gan 6%.

Day chinh 1 han ché 16n cia bd diéu
khién PID, vi n6 khong phai 1a bo diéu khién tdi
uu va chi c6 thé diéu chinh hé thong dé bam theo
mot ddc tinh chon trude. Trong nghién clru nay,
tin hiéu dau vao cua bd diéu khién duoc chon 1a
gia toc than xe. Vi vay, hiéu qua ctia n6 thé hién
vuot tri ¢ cac thong s6 dic trung cho d ém diu
(gia tdc, van toc, dich chuyén).

bé danh gia mot cach toan dién hon veé
bd diéu khién PID trong hé théng treo ban tich
cuc, cac tinh toan khao sat da duoc thuc hién
cho cac loai duong A, B, C va D theo ISO 8608
véi van toe chuyén dong bién thién tir 10 dén 60
km/h. Két qua tinh toan dugc thé hién trén céac
hinh 13 va 14.
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Hinh 13. Gia téc dao déng than xe.
DPuong loai C (1SO 8608).
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Hinh 14. Ap luc lén mat dwong. V = 30 km/h.

Céc két qua trén cho thay bo diéu khién
PID phat huy hiéu qua trong moi diéu kién
chuyén dong. Trong do, kha ning cai thién do
ém diu c6 xu hudng ting theo van tc chuyén
dong cta 0 to trén cung mot loai duong. Trén cac
loai duong khac nhau, binh phuong trung binh
cua ap luc 1én mat duong tang theo do x4u cua
duong (theo thr ty A, B, C, D) nhu trén hinh 14.

5. KET LUAN

Céc két qua nghién ctu trinh bay trong
bai bao cho thay hiéu qua va nhiing han ché cua
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bo diéu khién PID trong hé thdng treo ban tich
cuc ctia 6 t6. C6 thé thiy 16 rang, bo didu khién
PID khong thé toi wu héa dic tinh lam viée cua
hé thdng treo. Mic du phat huy tot hiéu qua
trong viéc nang cao d6 ém diu, PID khong gitip
cai thién nhiéu vé& mat an toan (nang cao do bam
duong). bé ¢6 dugc mot hé théng treo ban tich
cuc that sy hiéu qua, can nghién ctru cai thién b
diéu khién PID theo hudng két hop véi cac co
ché diéu khién khac, hodc st dung cac bo didu
khién t6i wu. s
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