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XAY DUNG BO DIEU KHIEN PID

CHO HE THONG ON DINH NGANG CHU DONG TREN 0 TO CON

PID CONTROLLER DESIGN FOR AN ACTIVE ANTI-ROLL BAR SYSTEM ON CARS
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TOM TAT

Hé thong 6n dinh ngang chii ddng 1a mdt trong céc gidi phap trén 6 to dé
nang cao tinh an toan cho con ngudi, phuong tién, hang héa. Hé théng co thé
lam tang kha ndng chdng 1at xe nhd cd thé lién tuc tao ra mot md men xodn 6n
dinh tiic thoi dé khdc phuc céc mé men gay 1at ngang ctia 6 t6. Trong bai bao
nay cac tac gid st dung mo hinh 6 t6 la md hinh 1/2 6 t6 con d€ nghién c(u,
thiét ké b diéu khién PID vdi tin hiéu kich thich tir mat dudng qs, g, va luc Iy
tam theo phuong ngang F.. D€ dénh gid két qua hoat ddng ciia b diéu khién
cdc tac gia da st dung phan mém chuyén dung Matlab - Simulink, khdo st trén
mién thai gian véi cac chi tiéu dénh gia quan trong nhu dich chuyén cia cac
banh xe theo phuong thang ding, dich chuyén than xe, goc lac ngang thén xe
va gia tc goc ldc ngang than xe.

Tir khéa: Dong luc hoc va diéu khién 6 t6, hé thong 6n dinh ngang chi d@éng,
diéu khién PID, 6n dinh ngang, ldt ngang ctia 6 t6 con.

ABSTRACT

The active anti-roll bar system is one of the solutions in cars to improve safety
for users, vehicles, and goods. The system can increase the vehicle's roll stability
by continuously generating a stable torque over time to avoid the effect of the
car's instability moments. In this article, the authors use a half car model, to
research and design a PID controller with the input signal being the road surfaces
q1, g, and the vehicle's inertia force Fy. To evaluate the performance of the
controller, the authors used specialized software Matlab - Simulink, surveying in
the time domain with important evaluation criteria such as vertical wheel
displacement, vehicle body displacement, vehicle body roll angle and vehicle
body roll angle speed.

Keywords: VVehicle dynamics and control, active anti-roll bar system, optimal
control, roll stability, rollover of cars.
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1. MO PAU

Hién nay, & Viét Nam clng nhu rat nhiéu cac quéc gia
trén thé gidi, dac biét 1a cdc qudc gia dang phat trién, khi dé
cap t6i nhiing nguyén nhan gay tai nan giao théng thi hién
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tugng lat ngang trén 6 t6 la mot nguyén nhan tai nan
thudng gay hau qua nghiém trong. Trong s6 céc hé théng
diéu khién nhdm muc tiéu ddm béo an toan cho phuaong
tién, hé théng én dinh ngang cha déng (Active anti-roll bar
system) 1a phd bién nhat dugc st dung dé céi thién do 6n
dinh lat ngang cho 6 t6, dugc mé ta trong hinh 1.

”H B dibu khidn tnng tam

+— Day truyén dan
tin hién

! f Nira thanh xodn
|
f /I\ Vang bi on dinh Khdp nbi
l /
= '\ | .
/ -~ ! e Khung swdn

Co ciu chip hanh
dang co dién

Hinh 1. H& théng 6n dinh ngang chti dong trén 6 t6 con

Hién nay cac nghién ctiu vé diéu khién hé théng én dinh
ngang chu déng trén 6 t6 con dang tap trung vao hudng
nghién ctu chinh d6 la: diéu khién t6i uu va diéu khién bén
viing [9]. G trong nudc nhiing cong trinh nghién ctiu vé hé
théng 6n dinh ngang cht dong c6 thé ké dén nhu sau: “Tinh
diéu khién va én dinh cta 6 té khdch véi hé théng chéng ldc
ngang bi déng” [2]. Cong trinh nghién ciu “4nh hudng cta
thanh 6n dinh dén dao déng ngang 6 t6” [1]. Tac gia Tran Van
Cong da c6 cong trinh nghién ctiu “Ung dung logic m& diéu
khién hé théng chéng ldc ngang cht déng trén 6 t6”[3]. Trén thé
giGi c6 thé ké t6i cdng trinh nghién cdu “Improving off-road
vehicle handling using an active anti-roll bar” [7] cla hai cac tac
gid P.H. Cronje’, P.S. Els. Cong trinh nghién ctu “Double anti-
roll bar hardware-in-loop experiment for active anti-roll control
system”[8] ciia nhém cac tac gid V. Muniandy, P. Mohd Samin,
H. Jamaluddin, R. Abdul Rahman, S. A. Abu Bakar. Tac gid Vu
Van Tan da cong bé bai bao “Preventing rollover phenomenon
with an active anti-roll bar system using electro-hydraulic
actuators: a full car model” [10]. Cong trinh nghién cdu
“Application of an Active Anti-roll Bar System for Enhancing
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Vehicle Ride and Handling” [11] cdla nhém tac giad Noraishikin
Zulkarnain, Fitrian Imaduddin, Hairi Zamzuri.

Cac phuong phép diéu khién dugc st dung trong cac
nghién ctiu ké trén c6 thé ké dén: Phuong phap diéu khién
t6i uu [10], tuy nhién phuong phap nay cé nhugc diém la can
st dung cac théng sé clng nhu ma tran trang thai ctia hé
théng; Phuong phap diéu khién ma [3], phuong phap nay c6
thé& xem xét cho hé phi tuyén nhung phu thuéc nhiéu vao
kinh nghiém cta ngudi thiét ké diéu khién. Phuong phap
diéu khién PID (Proportional Integral Derivative) da va dang
dugc Ung dung phé bién trong cac linh vuc tu dong hoa
cong nghiép. Tuy nhién cac nghién ctu dp dung phuong
phéap nay cho hé théng én dinh ngang cht déng con rat it.
Do vay, can c6 thém cac nghién cliu va ing dung phuong
phap diéu khién PID trong viéc hoan thién hé théng 6n dinh
ngang cha dong.

Trong nghién ctiu nay, cac tac gia tap trung thiét ké bo
diéu khién PID cho hé théng 8n dinh ngang ch( dong dua
trén mé hinh 1/2 6 té con, ti€n hanh danh gia va so sanh két
qua trén mién thai gian vdi kich thich dau vao tir mat dudng
va luc ly tam theo phuong ngang cua than xe.
2.XAY DUNG MO HINH 6 TO
2.1. Xay dung mé hinh déng luc hoc 1/2 6 t6 c6 hé théng
én dinh ngang bi dong

Dé lam ré dugc cdng dung cla hé théng 6n dinh ngang
chd déng, cac tac giad da nghién clu va xay dung mo hinh
déng luc hoc 1/2 6 t6 ¢4 hé théng 6n dinh ngang bi dong dé
lam can ci danh gia. Mé hinh dong luc hoc 1/2 6 t6 trén dugc
xay dung gém 4 bac ty do: dich chuyén than xe Z,, goc lac
ngang than xe o, dich chuyén béanh xe bén trai Z; va dich
chuyén banh xe bén phai Z,. Théng s6 ctia mé hinh 6 té dugc
thé hién trong [10].

Hé phuong trinh vi phan déng luc hoc cia mé hinh 1/2 6
t6 c6 hé théng 6n dinh ngang bi dong dugc xac dinh:

mZ, =c,(Z,-Z)+k,(Z,~2})
+¢,(Z,-Z)+k,(Z, 7))
m,Z, =—ct,(Z, —q,) +¢,(Z| - Z,)

..M
+k (2! -Z2,)—-—=
1 1 1 2tb
m,Z, =—ct,(Z,—q,)+¢,(Z, -Z,) (1)
M

+k, (2, -72,)+—=
2 2 2 th

16=[c,(Z,~Z})+k (2, -2 r
_[CZ(ZZ —Z'Z)+k2(22 _z;)]r"'thhr

Trong d6:
M, - md men xodn cla thanh én dinh ngang bi dong.
M = (Z1 _ZZ)kAO (2)

X

C

Trong d6: kao - d6 cling chéng xo0dn cla thanh én dinh
ngang bi dong.
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Hinh 2. M hinh 1/2 6 t6 con ¢6 hé théng 6n dinh ngang bi dong

Bang 1 thé hién su quan hé gitta chiéu dai chiu xoén clia
thanh 6n dinh ngang Iy, dudng kinh thanh 8n dinh ngang d
va dé cliing chéng xodn ctia thanh 8n dinh ngang bi déng
kao d0i vGi xe con.

Bang 1. D4 cting tinh todn cia thanh 6n dinh ngang bi dong ddi véi xe con

Isl = 017 (m)
d=2(cm) kao= 1725(Nm/rad)
Va:
Z =7 +or
Z, =2, —@r

Thay (2) va (3) vao (1) ta dugc:

m,Z, =—(c, +¢,)Z, +(c, —¢,)or—(k, +k, )Z,
+(k, =k, )pr+c,Z, +k.Z,+¢,Z, +k,Z,

m,Z, =c,.Z, +c,or +kZ +k,¢r—k,Z,

(Z,-2,)k

—(ct, +¢,)Z, +ct,q, ———222

( 1 1) 1 1 2ct,

mzzz =G, —C,0r+ kzzs —k,¢r _kzzz (4)
(21 _ZZ)kAO

—(ct, +¢,)Z, +ctyq, + ot
b

1§ =(c, —¢,Z, —(c, +c,)r’e
+(k, =k, )rZ, = (k, +k, )r’¢

+CZr—GZyr +k Zr —K,Z,r +F h,

Hé phuong trinh (4) dugc viét dusi dang khéng gian
trang thai nhu sau:

X =AX+BU )
Y =CX+DU

- Véc ta trang thai:
. . . LT
)(:[z1 zZ, Z, o Z, Z, Z, (p];
X:[Z1 Z, Z, ¢ 7, Z, Z, (P]
-Véctogdaura:Y =X
T
-Tin hieu kich thich: U=[q, q, F,]

TU (5) cdc ma tran dugc xac dinh nhu sau:
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0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1
[cp +c, Kuo j
2, g o o ko, ke K
A< m, 2ct,m, m, m, m, m, m,
—|ct, +c¢, +
Ko 2ct, <, —C,r 0 -k, Ky —k,r
2ct,m, m, m, m, m m, m,
< < _(C1 +Cz) (Cz _C1)r k_1 k_z _(k +k2) (kz k1)r
m, m, m, m, m, m m, m,
or —C,r (—c)r (e, +c)r’  kr -k (ky =k )r  —(k, +k,)r’
L I I | I | | | | |
0] 0O O] Tuong tu v6i mé hinh 1/2 6 té con c6 hé théng én dinh
0 0 0 " 00000 0 O ngang bi dong, ta c6 hé phuang trinh téng quéat cho mé
hinh 1/2 & t6 con ¢6 hé théng 8n dinh ngang ch dong nhu
0o 0 0 01000000 sau:
0 0 0 001 0O0O0O0OTO .. .
by o] (00010000 mSZS:_(cz+C‘)ZS+(c2_c1)q).r_(k2+k1)zf
B=| m, "~ o000 100 0l +(k, =k, )or+c.Z, +k,Z, +¢,Z, +k,Z,
0o Lo 0000O0TO0O mZ, =c,Z, +c,or+kZ, +kr—kzZ,
M, 00000O00O0T1O (ct,+¢,)2,+cta M.,
o 0 0 0000000 1 R 0
| 0 0 T_ m,Z, =C,Z, —C,r +k,Z, —k,¢r—K,Z, (6)
_ - M
0 00 —(ct2+c2)Zz+ct2q2+?a‘t
000 ) L, .
00 0 1p=(c, —c IZ, —(c, +¢, )’ +(k, —k, )rZ,
00 0 —(k, +k, )P ¢ +c,Zr—c,Z,r+k,Zr
D= .
000 —k,Z,r+Fyh,
0 00 . . e 4 . .
Hé phuong trinh (6) dugc viét dudi dang khéng gian
000 trang thai nhu sau:
0 0 0

2.2. Xay dung mé hinh déng luc hoc 1/2 6 t6 c6 hé théng
én dinh ngang cha déng

Hinh 3. M@ hinh 1/2 6 t6 con ¢6 hé théng 6n dinh ngang chi dong
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{X1 =AX, +B, W, +B,,U, 7)

Y, =CX +D,;W, +D, .U,

Trong do:
- Véc to trang thai:

. . . LT
X=[2 2,2 ¢ 2,2, 2, ¢];
X=[2,2, 2, ¢ 2, 7, 7, §]
-Véctodaura: Y;=X;
- Véc ta tin hiéu diéu khién dau vao: w, = [M ]
.
- Tin hiéu kich thich: U=[q, @, F, ]|

TU phuong trinh (7) cdc ma tran dugc xac dinh nhu sau:
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0 0 0 0 1 0 0 0

0 0 0 0 0 1 0 0

0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 1
—(cty +cy) 0 S & —ky 0 ko ko

A : — m 1 m 1 m 1 m 1 m 1 m 1
0 —(ct, +¢,) c, —c,r 0 —k, k, —k,r

m 2 m 2 m 2 m 2 m 2 m 2

< c, —(c,+¢, (¢, —c))r ko k, —(k,+ky)  (k,—k,)r

m, m, m. m, m, m, m, m.

C,r —Gf (Cz_c1)r —(c1+c2 )r2 kir o —k,r (kz —k)r —(k1+k2)l’2
L | | | N | | ]
[0 ] [0 0 0] 3.1. Co's& ly thuyét diéu khién

0 0 0 0 So d6 khéi cta bo diéu khién PID dugc thé hién trong
0 0O 0 0 hinh 4.
0 0 0 o M
rt et u) | Mo hi t
R < LI 8, ‘@,_f - e T
m1tb ' ! Pao ham
1 o Lo
2m,t, m, Nhanh phan héi
0 o 0 0 Hinh 4. S0 d6 khdi ctia bo diéu khién PID
| 0 | 0 0 ﬂ Trong do:
) - ] u(t): tin hiéu diéu khién tac dung vao cd cdu chap hanh
100 0 0O0 OGO (tin hiéu dau ra ctia bo diéu khién).
01 00O0O0O0OTO y(t): tin hiéu dau ra ctia hé théng (tin hiéu do dac dugc).
0010 O0O0O0TO r(t): tin hiéu dat (hay tin hiéu mong muén y(t) bam theo,
0001000 0 y(t) sé héi ti€p va so sanh véi r(t)).
G = 0000100 0 i e(t): sai s6 gilta y(t) va r(t) (e(t) sé dugc dua vao bo diéu
khién PID, bo diéu khién PID tuy thudc vao e(t) sé xuat ra gia
00000100 tri u(t) tuang Ung tac déng ngugc vao hé théng).
00000010 B6 diéu khién PID (Proportional - Integral - Derivative
|0 00000 O0 1] Controller) la mot bé hiéu chinh c6 phan héi nham lam gia
0] 0 0 0 tri sai léch cta mét tin hiéu da’ng \du<_3c ,diéu, khién bédng
khong. Bugc st dung rdng rai dé diéu khién doi tugng SISO
0 000 theo nguyén ly héi tiép. Trong dé SISO la hé thong thoa man
0 0 0 O chi c6 mot dau vao va mét dau ra. BO PID ¢6 ba thanh phan:
0 0 0 O - Proportional - khau ty 1é
D= ol D.2 = 00O - Integral - khau tich phan
0 00 O - Derivative - khau dao ham
0 00 0 Ba phan nay déu co6 vai tro dua sai léch vé khong. Tinh
0 00 0 chét tdc déng clia mébi thanh phan c6 dic diém riéng. Tin

s ) ) - - ) hiéu phan héi (feedback signal) thudng la tin hiéu thuc té&
3. THIET KE BO PIEU KHIEN PID CHO HE THONG ONPINH  duoc do bing cam bién. Gia tri sai léch 13 hiéu cdia tin hiéu
NGANG CHU DPONG TREN O TO CON dat (setpoint) trir cho tin hiéu phan héi.

Trong bai bao nay cac tac gid xay dung mot bo diéu khién 3.2, Ham muc tiéu ctia bé diéu khién
PID nham nang cao 8n dinh ngang ctia 6 té. Tin hiéu dau vao
cta bo diéu khién Ia sai léch clia géc ldc ngang than xe va K K :
dau ra 1d mé men xodn clia co cdu chdp hanh hé théng 6n _ R ARS RS s
dinh ngang ch dong Myc. G (S) B s =K [H +TdSJ ®)

Ham truyén clia bé di€u khién PID dugc xac dinh nhu sau:
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Trong do: K;: hé s6 khuéch dai tich phan.
Kp: hé s6 khuéch dai ty l&.
Kp: hé s& khuéch dai vi phan.
Tin hiéu dau ra ctia bo diéu khién u(t) dugc xac dinh bai
cong thuc:

t
u(t) =K,e(t) +K, [e(t)dt+K, gelt) 9)
° dt
Phuong phap cac tac gia st dung dé Iua chon cac théng
s6 Ky, Kp, Kp 1a phuong phap sai léch bam. Cac gia tri K, Kp ,
Ko dugc thé hién trong bang 2.

Bang 2. Bang gia tri thong so K;, Kp, K

K| Kp I(D
1492736,19177334 273342,393522841 12421,7150929601
4. MO PHONG VA PANH GIA

DPé khao sét su hoat dong cda hé théng 6n dinh ngang
cht dong trén mién thai gian, cac tac gia tién hanh khao sat
trong céc trudng hgp dudi day:

- Trudng hop 1: V6i gia tri kich thich tir mat dudng g cé
dang dudng kich thich la dang hinh sine c6 giGi han bién d6
la +0,1m, tan s6 10 (rad/s), g, = 0.

- Trudng hgp 2: Véi gia tri kich thich tUr mat dudng
g1 = g2 = 0 va gid tri Fq tang tuyén tinh tir 0 dén 1000N.

- Truong hgp 3: Véi gid tri kich thich tur mat dudng
d:1= g, =0 va gid tri F: dang hinh sine cé gigi han bién d¢ la
+1000N, tan s6 1,5 (rad/s).

- Trudng hagp 4: Véi bién dé mat dudng ngau nhién, c6 2
nguodn kich thich tr mat dudng qi, g, véi gia tri Fe tang
tuyén tinh tir 0 dé€n 1000N.

4.1. K&t qua khao sat véi gia tri kich thich ti mat duéng
d: c6 dang duong kich thich la dang hinh sine c6 gigi han
bién dd la +0,1m, tan s6 10 (rad/s), 4. =0

oiis Dich chuyen banh xe ben trai

—Dieu khien PID
--Bi dans

Gia toc dich chuyen banh xe ben trai

30 T
L Dieu khien PID)
' ----Bi dong

Time [s]

b)
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Dich chuyen banh xe ben phai

0.08 ————r———
—Dieu khien PID
0.06 L

-‘Bi dong

-0.06 :
1 2 3 4 L 6 7 8 9 10
Time [s]
9]
35 Gia toc dich chuyen banh xe ben phai
— Dieu khien PID|
__Bidon:

151

10!
e H
o
£
™~
N

Zs [m]

-0.1
0

Time [s]
e)

Gia toc dich chuyen than xe
|

' '
Dieu khien PID

fi - Bidong _

25" [m/s"2)
(=]

Dieu khien PID
6l m b L4 4o |==Bidong

&)

phi [Deg]
o

Time [s]

9)
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Gia toc lac ngang than xe

£~ Dieu khien PID;"

Time [s]
h)

Hinh 5. Ddp ting theo thdi gian clia céc thdng s6: (a) dich chuyén bénh xe bén
trdi ,, (b) gia toc dich chuyén banh xe bén trdi 7 , (c) dich chuyén banh xe bén
phdiZ,, (d) gia tdc dich chuyén banh xe bén phai 7, (e) dich chuyén than xe Z,,(f)
gia toc dich chuyénthanxe 7, (g) gécldc ngang than xe ¢ va (h) gia toc goc lac
ngang than xe § véi trudng hop 1

Bang 3. Bang thdng ké gid tri sai léch binh phuong trung binh RMS ctia trutng
hogp 1

iI.) (P Zw Z1 iz ZZ is Zs
gi‘)ng 6,8506 |3,9154 | 7,7868 | 0,0768 | 3,9831 |0,0392 |5,5188 | 0,0557
PID | 0,2489 | 0,1404 | 4,0859 | 0,0404 | 1,2099 | 0,0122 | 5,5188 | 0,0557
Giam
5o Vi
bi 96,36% | 96,4% | 47,5% | 47,4% | 69,62% | 68,8% | 0% 0%
déng

Tu hinh 5 va bang 3 ta thdy, gid tri cac chi tiéu danh gia
én dinh ngang clia 6 t6 ¢4 6n dinh ngang ch dong déu
gidm trén 47% khi so sanh véi bi dong. Hé théng 6n dinh
ngang chi déng c6 bd diéu khién PID da thiét ké da nang
cao d6 an toan chuyén dong da dugc Ién rat nhiéu. Cac két
qua so sanh cua dich chuyén than xe theo phuang thang
dung khéng bi thay déi.

4.2. Két qua khao sat véi gia tri kich thich tir mat duong
1 = gz = 0 va gia tri F tdng tuyén tinh tu 0 dén 1000N

5 <107 Dich chuyen banh xe ben trai
’ ‘\
2 b
E \
S \
\
\
6 e
8 i
0 1 2 3 4 5 6 7 8 9 10
Time [s]
a)
8 X 1072 Dich chuyen banh xe ben phai
—Dieu khien PID!
-~ Bi dom
B e
/
A /
E /
/
& /
2 /
4
0 .
2 i
4] 1 2 3 4 6 kol 8 9 10
Time [s]
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Dich chuyen than xe

Dieu khien PID
-~ Bi dong

05
E
il B e s s S
N
0.5
-1
0 1 2 3 4 5 6 T 8 9 10
Time [s]
q
i Gia toc dich chuyen than xe
T :
Dieu khien PID
---'Bi dong
0.5 =t
&
2
E o
Tt
N
-0.5
-1
0 1 2 3 4 5 6 F: 8 9 10
Time [s]
Goc lac ngang than xe
06 gang

T o3
1=
;E_ 0:2:=
0.1
o L S,
-0.1
0 1 2 3 4 5 6 7 8 9 10
Time [s]
e)
Gia toc lac ngang than xe
0.08 T

’ —Dieu khien PID
0.06 b [ -~ Bi don:

Time [s]
f)

Hinh 6. Dap ting theo thai gian clia céc thong s6: (a) dich chuyén banh xe bén
trdi Z, (b) dich chuyén banh xe bén phai Z,, (c) dich chuyén than xe Z,(d) gia t6c
dich chuyén than xe 7, (e) géc Idc ngang than xe ¢ va () gia toc goc lac ngang
thanxe @ véi truong hop 2

Bang 4. Bang thdng ké gid tri sai léch binh phuang trung binh RMS clia trutng
hgp 2

iI.) () VA YA is A
Bidong | 0,019 | 0,1124 | 0,00253 | 0,000253
PID 0,000498 | 0,006 | 00013 | 0,0013
gzr‘l’;" bl o580 | 9857% | 805% | 805% | 0% | 0%

Tu hinh 6 va bang 4 ta thay, déi vai bo diéu khién PID, gia
tri cac chi tiéu danh gia déu giam trén 80% so véi hé théng
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bi dong. Trong d6 goc lac ngang than xe la gidm nhiéu nhat
vGi 98,57% va gia t6c goc lac ngang than xe giam 95,8%.
4.3. Két qua khao sat véi gia tri kich thich ti mat duéng
d:1=q2 =0 va gia tri F: dang hinh sine c6 gidi han bién do
1a +1000N, tan s6 1,5 (rad/s)
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T Gia toc lac ngang tl',én xe
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Hinh 7. Dap ting theo thai gian clia céc thong s6: (a) dich chuyén banh xe bén
trdi Z, (b) dich chuyén bénh xe bén phai Z,, (¢) dich chuyén than xe Z,(d) gia téc
dich chuyén than xe 7 , (e) gdc ldc ngang thén xe ¢ va (f) gia tdc goc lac ngang
thanxe @ véi truong hop 3

Bang 5. Bang thdng ké gid tri sai léch binh phuong trung binh RMS clia trutng
hgp 3

q‘) ‘P Z1 ZZ is Zs
Bidong | 10,0195 0,3887 | 0,000962 | 0,000962 0 0
PID 0,000558 | 0,0058 0,0044 0,0044 0 0
Gidam so
véi bi 97,1% 98,5% -78,1% -78,1% 0% | 0%
dong

TU hinh 7 va bang 5 ta thay, d8i véi bo diéu khién PID gia
tri cac chi tiéu danh gia déu giam trén 90% so véi hé théng
bi dong. Trong d6 goc lac ngang than xe la gidm nhiéu nhat
Vi 98,5%. Mac du dich chuyén theo phuang thdng ding cla
banh xe Z;va Z, c6 tang 1én nhung gia tri thuc té khong dang
ké (6mm).

4.4. K&t qua khao sat véi bién dé mat duéng ngau nhién,
¢6 2 nguédn kich thich tir mat dudng q., q, v6i gia tri Fy
tang tuyén tinh tir 0 dén 1000N

Dich chuyen b?nh Xe Pen trai

A — Dieu khien PID
pi; -+~ 'Bi don,

\/&:—477.,,_”” e e s e e

Gia toc dich chuyen banh xe ben trai
T T T T

Dieu khien PID|
----Bi dong

Z1" [mfsh2]

Time [s]

b)
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Hinh 8. Dap ting theo thai gian clia cc thong s6: (a) dich chuyén banh xe bén
tréi Z;, (b) gia toc dich chuyén banh xe bén trdi 7, (c) dich chuyén banh xe bén
phéiZ,, (d) gia tdc dich chuyén banh xe bén phdi 7, , (e) dich chuyén than xe Z,,(f)
gia tocdich chuyénthanxe 7, (g) goc lac ngang thén xe ¢ va (h) gia tdc goc lac
ngang than xe @ vdi trudng hop 4

Bang 6. Bang thdng ké gid tri sai léch binh phuong trung binh RMS clia trutng
hgp 4

ip ¢ zw Z7 .Z.z ZZ .Z.s Zs
g:”)ng 0,0119 |0,1149 | 7,7747 | 0,0035 | 7,7742 | 0,0031 | 0,3271 | 0,0036
PID ]0,000595|0,0016 | 7,7747 | 0,0026 | 7,7742 | 0,0025 | 0,3271 | 0,0036
Gidm
50 véi
bi 95% [98,6% | 0% |285% | 0% [1935%| 0% 0%
déng

TUu hinh 8 va bang 6 ta thay, d6i vdi bo diéu khién PID gia
tri cac chi tiéu danh giad déu giam trén 19,35% so vdi hé
thong bi dong. Trong d6 gdc lac ngang than xe gidm nhiéu
nhat vai 98,6%.

Céc két qua khao sat trong bén trudng hgp trén da thé
hién ré hiéu qua cla hé théng 6n dinh ngang chl déng trén
0 t6 con théng qua cac chi tiéu danh gia déu dat trén 50%
so vd&i hé théng bi déng. Cac két qua khao sat cling chi ra
rang, trong mot sé trudng hap thi méc du dich chuyén cda
béanh xe c6 sy tang nhung gia tri thuc té khong I6n. Bén canh
dé, gia tri dich chuyén va gia t6c dich chuyén cda than xe
theo phuang thdng ding da khdng dinh tinh uu viét clia hé
théng nay khi khéng lam thay déi dao déng cla 6 t6 theo
phuang thang ding.

5. KET LUAN

Qua tham khéo cac nghién ctiu ké ca ly thuyét va thuc
nghiém thi lyc ngang tac dung vao than xe la nguyén nhan
chd y&u gay ra hién tugng mat én dinh ngang. B6 diéu khién
PID da thiét k& hoat dong thuc su hiéu qua khi luc ngang
thay ddi gilip ndng cao dang ké kha nang én dinh ngang clia
0 t6 véi hai tiéu chi danh gia la géc nghiéng ngang than xe
va luc tadc dung béanh xe véi mit dudng. Thé hién qua hai
trudng hgp da khao sét la: Truong hgp 2 (luc ngang than xe
Fqt tdng dan déu theo thai gian khi goc danh lai tang dan) da
hoat déng hiéu qua nhat; Déi véi trudng hgp 4 (dnh hudng
clia lyc ngang than xe Fq thay d8i theo dang sine) thi kha
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nang phan Ung cta bo diéu khién rat tét, diéu d6 dugc thé
hién qua thai gian dé 8n dinh chi mat trong khoang 1,5 giay
dé gilp goéc nghiéng than xe gidm vé 0°. Trong tat ca céc
trudng hop da khao sat thi dich chuyén ca than xe theo
phucng thang ding khi so sanh cht dong va bi déng déu
khéng thay d6i, nghia la hé théng &n dinh ngang chu déng
vGi bd diéu khién PID da thiét ké khéng anh hudng dén do
ém diu chuyén dong cla 6 t6.

Hudng nghién cdu tiép theo dugce xac dinh la: xay dung
md hinh déng luc hoc toan & té ¢ hé théng én dinh ngang
cht déng & ca hai cau. Nghién cltu cac phuong phap diéu
khién khac nham nang cao hiéu qua lam viéc cda hé théng
6n dinh ngang chd dong trén & td. Nghién clu co ciu chap
hanh, xdy dung m6 hinh dong luc hoc clia co cdu chap hanh
va dua vao mé hinh déng luc hoc toan 6 t6 c6 hé théng 6n
dinh ngang cha déng. Tién hanh khao sat & cac diéu kién
khac nhau nhu: thay d&i tdc do xe, cac kich ban danh lai sat
vdi thuc té€ trén dusng.
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