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KHAO SAT CAC THONG SO CUA BO DIEU KHIEN PID
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TOM TAT

Hé thing treo chi dong ngay cang dugc nghién cu va ng dung rong rai trén 6 to nhdm dam bao do ém diu va an toan chuyén dong. Tuy nhién viéc lva
chon cac thdng s6 diéu khién ctia hé thdng treo chi dong so véi hé théng treo bi dong luén la mot van dé I6n can dugc gidi quyét. Bai béo tién hanh xay dung
md hinh khdo st céc thong s6 ctia bd diéu khién PID mdt cach toan dién trén mot dai gid tri cia méi hé s6. Qua trinh dénh gid dua trén cac tiéu chi vé ém diu
chuyén dong khi so sanh hé thdng treo chti dong véi hé thdng treo bi dong trén md hinh dao ddng 4 6 t6, nham lya chon ra bd thong s6 diéu khién PID cho md
hinh hé thdng treo chl dong. Két qua mo phdng vdi bo thdng so K, = 400, Ki= 10000, Ky = 0,2 trén mat dudng ngau nhién loai C vdi van tdc la 45km/h va
100km/h cho thay @6 giam RMS clia gia tdc khdi lugng dugc treo vdi hé thong treo chti dong Ién dén 75% so véi hé thong treo bi dong, trong khi d do giam RMS
cGia chuyén vi khdi luong dugc treo lan lugt la 34% va 46%.

Tir khéa: Hé théng treo chii ddng, diéu khién PID, dao ddng 6 td, ém diu chuyén ddng, an todn chuyén dong.

ABSTRACT

Active suspension systems are increasingly being researched and widely applied in automobiles to ensure ride comfort and road holding. However, selecting
control parameters for active suspension systems compared to passive suspension systems remains a major issue that needs to be addressed. This paper develops
a comprehensive model to investigate the parameters of the PID controller over a range of values for each coefficient. The evaluation process is based on ride
comfort criteria by comparing the active suspension system with the passive suspension system on a quarter-car model, aiming to select an optimal set of PID
control parameters for the active suspension model. Simulation results with PID parameters K, = 400, Ki= 10000, Ks = 0.2 on the random road profiles class
at speeds of 45km/h and 100km/h show that the RMS reduction of the sprung mass acceleration in the active suspension system reaches up to 75% compared
to the passive suspension system, while the RMS reduction of the sprung mass displacement is 34% and 46%, respectively.

Keywords: Active suspension system, PID control, automobile vibrations, ride comfort; road holding.
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1. GIGI THIEU cht doéng (Active Suspension System), cho phép diéu

Hé théng treo la mét trong nhiing b6 phan quan trong
trén 6 16, c6 nhiém vu chinh la gidm cac rung dong tir mat
dudng truyén lén than xe, déng thai dam bao d6 bam
dudng én dinh ctia banh xe, tir d6 nang cao dé an toan va
d6 thoai mai cho hanh khéch. Su phat trién ctia cong nghé
diéu khién hién dai da dan dén su ra doi ciia hé théng treo
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chinh linh hoat luc tac dung Ién khéi lugng dugc treo va
khong dugc treo théng qua cac co cau chap hanh
(actuators), tir d6 cai thién dang ké kha nang kiém soét dao
déng than xe so vai cac hé treo bi dong truyén thong.

Vé mat két cau, hé théng treo chi déng ngoai bao
gém cac phan tr nhu 10 xo, gidm chan, con cé thém céc
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cam bién (cam bién vi tri, toc d6 va gia téc) va mét co cau
chap hanh, thuéng la hé théng thay luc hoac dién dugc
diéu khién théng qua mot bé diéu khién trung tam [11. B6
diéu khién nay sé tinh toan va phat tin hiéu diéu khién
phU hgp nham tao ra luc clia co cdu chap hanh gitp triét
tiéu dao ddéng than xe theo thai gian thuc.

Trong nghién cttu mo6 phong va phan tich hé thong
treo 6 t6, cdc md hinh thudng dugc st dung bao gom:
mo hinh 1/4 xe (quarter-car model), mdé hinh 1/2 xe
(half-car model), va mé hinh toan xe (full-car model). M6
hinh 1/4 xe dugc st dung phé bién trong cac nghién
cu ban dau vi cdu tric don gian, dé phan tich va mo
phong [2]. Trong khi d6, m& hinh 1/2 xe va toan xe cung
cdp cai nhin téng thé han vé chuyén déng doc va lc
ngang (pitching, rolling), phu hgp véi cac nghién ciu
nang cao [3].

Nhiéu phuong phép diéu khién khac nhau da dugc
phat trién va ap dung trong hé théng treo chu déng.
Trong s6 dé, bo diéu khién PID (Proportional-Integral-
Derivative) la mot trong nhiing phuong phép kinh dién,
c6 uu diém la cau truc don gian, dé diéu chinh va kha
nang dap ung tot trong nhiéu diéu kién van hanh [4, 5].
Ngoai ra, cac phuong phép diéu khién hién dai nhu LQR
(Linear Quadratic Regulator), diéu khién m& (Fuzzy
Logic) [6-8] va nhiéu phuong phap diéu khién khac cling
dugc st dung trén hé théng treo chu dong. Tuy nhién
cac céng trinh nghién ctu nay thudng chon mét hodc
moét vai bo théng s6 diéu khién c6 dinh cho bé diéu
khién ma chua c6 moét su khdo sat mot cach toan dién
dé lua chon bd théng sé diéu khién t8i uu. Mot sé nha
nghién ctu lua chon cac thuat toan diéu khién dé téi uu
hoa bo diéu khién nhu thuat todn bay chau chau
(Grasshopper Optimization Algorithm - GOA) dung cho
diéu khién PID [9], thuat toan di truyén (genetic
algorithm) dung cho b diéu khién PID [9, 10], LQR [11]
va Fuzzy Logic [12], thudt todn bay dom dom (Firefly
Algorithm - FA) va t6i uu hda bay dan (Particle Swarm
Optimisation) dung cho b6 diéu khién PID [13, 14], thuat
toan bay dom dom dugc tac gia Dif Ismail and Naas Dif
[15] st dung dé dé€ t6i uu héa ma tran trong sé trong bod
diéu khién LQR cho m6 hinh hé théng treo chi dong 1/4
xe, hoac tac gia Ab Talib va cong su st dung thuat toan
nay cho bo diéu khién PID va Fuzzy Logic d€ nang cao
ém diu chuyén dong cho hé théng treo [16].

Trong bai bao nay, cac tac gia tap trung nghién ctu
thiét ké va danh gia hiéu qua cta hé théng treo chu
déng dugc diéu khién bang bé diéu khién PID, st dung
mo hinh 1/4 xe, bang cach khao sat trén toan b dai gia
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tri cla ba théng s6 diéu khién Kp, K;, K4 cho bd diéu
khién ca cdu chdp hanh hé théng treo chu déng trong
khi so sanh vgi hé théng treo bi déng trén tiéu chi ém
diu chuyén dong, sau dé lua chon ra mot bd hé sé diéu
khién t8i uu nhat. K&t qua mé phong véi téc dé 45km/h
va 100km/h cho thay RMS cta chuyén vi ctia khéi lugng
dugc treo st dung hé théng treo cha dong giam tdi
46%, trong khi do gia toc cta khéi lugng dugc treo hé
théng treo cht dong gidm tGi 75% so véi hé théng treo
bi dong.

2. XAY DUNG MO HINH

2.1. Mé hinh 1/4 6 t6 st dung hé théng treo chi déng

Nghién ctu trong bai bdo nay dua trén mé hinh %4 6
t6 sirdung hé théng treo ch d6ng dugc minh hoatrong
hinh 1. Khéi lugng dugc treo va khéi lugng khong dugc
treo, ky hiéu lan lugt la mg va m,,, dugc néi véi nhau
bang 16 xo kg va gidm chan b, déng thai chiu tac dong
cla luc u tlr co cau chap hanh chu déng. Mat dudng
dugc ky hiéu la g, va banh xe tiép xdc v6i mat dudng
dugc mé phong bang 16 xo ks va gidm chan b,,. Tuy
nhién, gia tri nhd clia b ¢4 thé bé qua. Gia tri cac tham
s6 clia mé hinh hé théng treo ch dong 1/4 6 t6 dugc
cho trong bang 1.

Hé phuong trinh déng luc hoc cdia moé hinh dugc miéu
td nhusau:

msis + bs(is - Z'u)
+ko(zg —zy) —u=0
rrlusiu - bs (Zs - Z‘u) - ks (Zs - Zu)
+kys(zy —q) +u=0

Hé phuaong trinh (1) dugc dugc dua vé hé phuong
trinh khong gian trang thai:

x = Ax + Bu”
{y = Cx + Du”

(1

(2)

Trong d6: vector trang thai x = [z; Zs z, Z,]T,
vector dduvaou* = [u q]T, vectordauray = x. Cic ma
tran A, B, C, D dugc mo ta nhu sau:

0o 1 0 0
_k _bs ks bs
mg mg mg mg

A=l 9" o 0 1|
kS bS kS+kuS _ bS
mygs myg Mys Mys
0 0 -
-~ 0 0 0

B=|T o} ¢=l D=5 ¢

FMys  Mys
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Khéi lwrgng
duoc treo mg

kg by u

—

Kh&i lwgng khong | Zu
duoc treo my;¢
kus

q

Hinh 1. M6 hinh 1/4 6 t6 st dung hé thdng treo chi ddng

Bang 1. Ky hiéu va cac thong s6 clia md hinh 1/4 6 6 [17]

Théng sd Ky hiéu Gia tri Don vi
Khdi lugng duac treo ms 300 kg
Khoi luong khdng duagc treo My 30,2 kg
Hé s6 dd cting 10 xo ks 30000 N/m
Hé 56 can giam chan b 1400 Ns/m
Hé s6 dd cting clia lop Kus 181000 N/m

2.2, Cac chi tiéu danh gia

Hai chi tiéu dugc st dung dé danh gia chat lugng clia
hé théng treo la:

- Em diu chuyén déng: z¢ va 7.

- An toan chuyén doéng: z,, z, — q va luc déng cua
banh xe tac dung [én mat dudng Fy.

Trong pham vi nghién ctu cla bai bdo nay, tac gia tap
trung ch( yéu vao chi tiéu ém diu chuyén déng khi xay
dung bé diéu khién cho hé théng treo. Gia tri Max va RMS
sé dugc st dung dé danh gia z, va 7, trong do:

- Max: gia tri cuc dai vé d6 I6n cla tin hiéu

- RMS: d6 sai léch binh phuong trung binh cla tin hiéu,

V6i RMS(x) = |~%IL, x?

2.3. Kich thich mat duong

Loai mat dudng dugc st dung trong mé phdéng dao
dong cua 6 to la loai mat dudng ngau nhién theo tiéu
chuén quéc té 1SO 8608, véi loai dudng loai C, dugc miéu
ta theo phuong trinh sau [18]:

zrp(t) = 21 - ng - w(t) - ’Gq(no) -v—2m-fy-zg(t) (3)

Trong d6, t la thai gian mo6 phong, cac ky hiéu trong
cong thuc dugc giai thich trong bang 2.
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Bang 2. Bang cac thong sd mat dudng kich thich

Ky hiéu Miéu ta Gid tri Don vi
z(t) | Matdudng kich thich theo thoi - -
giant
Gg(no) | Tham chiéu PSD cla tan s6 | 256.10°(LoaiC) | m?
khong gian
No Tan s6 khdng gian tham chiéu 0,1 m’
fy Tan s0 cat 0,0628 Hz
w(t) | Tin hiéu nhiéu trdng Gaussian - -
mién thai gian

3. THIET KE BO DIEU KHIEN PID CHO HE THONG TREO
CHU PONG
3.1. Thiét ké bo diéu khién PID

P

r(t) e(t)

Daura

MG hinh

| u(t) = 516

y(®) D

Phan hdi |

Hinh 2. Sa d6 khdi cia bo diéu khién PID cho hé théng treo chi ddng trén
0to

Mot bd diéu khién PID (Proportional Integral
Derivative) dugc st dung dé tao ra luc cho ca cdu chap
hanh ctia hé théng treo u(t) dugc tinh theo céng thic
sau:

u(t) = Kpe() +K; f e(t)dt + Kd%e(t) (4)

Trong dé, gia tri sai léch e(t) = r(t) — y(t), la su sai
khac ctia gia tri mong muén r(t) va gia tri thuc té do dugc
clia mot thong s6 chia hé thong y(t). Trong nghién ctu
nay, gia téc cda khéi lugng dugc treo dugc lua chon la
thong s6 can do cla hé théng y(t), va gia tri mong muén
cta né la r(t) = 0. Ba thanh phan tao nén luc cta co cau
chap hanh u(t) trong céng thtc (2) dugc goi lan luot la
thanh phan Ty 1&, Tich phan va Vi phan dugc tinh dua trén
cac hé s6 tuong Uing K, K;, va K4. Bo diéu khién PID gitip
gidm sai léch e(t) bang cach tao ra luc diéu khién téi uu
u(t). Mét sa d6 khdi cia bd diéu khién PID dugc thiét ké
cho hé théng treo chi déng nhu trong hinh 2.

Nghién ctiu nay tién hanh khao sat anh hudng ctia cac
thong s6 clia bo diéu khién K., K;, K4 dén hiéu qua cda
b6 diéu khién PID cho hé théng treo chli déng so vai hé
théng treo bi dong dua trén tiéu chi vé ém diu chuyén
dong.
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3.2. Khao sat cac théng sé cia bd diéu khién PID

Dé tim ra cac gia tri t8i uu cho bd hé sé diéu khién PID,
gia tri clia méi hé s6 K, K;, K4 sé dugc khao sat trong mot
khodng gia tri, tir gia tri nho nhat gan nhu bang 0 t6i gia
tri I6n nhat tuong (ng ctia moi hé s6. Trong bai bao nay,
b6 thong s6 cla diéu khién PID sé duoc khao sat dé danh
gia hiéu nang cla bo diéu khién. Trong d6 cac hé s6 nam

trong khodng sau: } /{400
K, = 0,1 + 400 ) \0\0/4?0
K,= 0,1 + 10000 (5) Kp
Kq= 0,01 = 0,2 a) RMS(Z,)
Hé s6 diéu khién sé dugc khao séat theo ting cap
(Kp, Ki); (K;, Kg) va (Kp, Kq) trong khodng gié tri ciia moi 004
théng sé dugc trinh bay trong (3), gia tri nhé nhat cua 0.085
cac hé s6 dugc 1y khac khong dé phan bigt véihéthéng 7 oos
treo bi déng, gia tri I6n nhat duoc lua chon dam bao bo § 0.025

diéu khién hoat dong 6n dinh, gia tri cac hé s 16n hon 0.02-
cac gia triIén nhat trong trong (3) ¢ thé dan dén luc cda oot
cd cau chdp hanh qua I6n dan dén hé théng khong thé
lam viéc dugc.

Nhu d& néi trong muc 2.2, hiéu nang clia bo diéu khién
hé théng treo chii dong dugc danh gia dua trén chi tiéu
vé ém diu chuyén déng bao gém céc thong s6 chuyén vi
cla khoi lugng dugc treo zg va gia toc clia khéi lugng or
dugc treo Zg. 06

a) Khdo sdt dao déng ctia 6 t6 véi cdp hé s6 K, K ; o

0.4

RMS(Z,,.)

Cac gia tri cla cac hé s6 dugc khao sat nhu sau:
K, = 0,1 + 400
0.1
K;= 0,1 = 10000 (6) 10000
Kd =0
D6 thi trong hinh 3 thé hién RMS va Max clia chuyén Ki o o Kp
vi va gia téc clia khoi lugng dugc treo véi hé s6 K, K; thay

0.3

0.2

\ , s A RMS(Z,)
doi, véi mat phang trong sudt thé hién gia tri cla hé

thong treo bi dong, dudng cong nhiéu mau sac con lai
thé hién gia tri cGla hé théng treo chl ddng. Cac d6 thi nay
cho thay sy anh hudng manh cutia hé s6 K;, khi hé sé nay
cang tdng lén cang cé xu hudng lam gidm RMS va Max
clia chuyén vi va gia t6c ctia khéi lugng dugc treo; trong
khi hé s6 K, khi tdng tri s6 c6 xu huéng gidm RMS va Max

cUa gia téc khoi lugng dugc treo nhung lai lam gia tang

RMS cuia chuyén VI clia khéi lugng dugc treo, doi véi gia o \ /jo — 400
tri Max clia chuyén vi khoi lugng dugc treo thi it c6 anh i — 100 .

huéng. D3i v6i bé hai thong s nay c6 thé tam két luan la . P

khi hé s6 K; tang Ién cé xu hudng lam gia tang ém diu d) Max(Zs)

chuyén déng clia hé théng treo. Hinh 3. RMS va Max ctia chuyén vi va gia toc ctia khi lugng dugc treo vdi

hé s6 K,, K; thay ddi
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b) Khdo sdt dao déng ctia 6 t6 véicdp hé s6 K, K 4
Khao st vdi cap hé s6 K;, Kq4 thi gia tri K, = 0 con 2
hé s6 con lai nhu sau:

Ky = 0
K;= 0,1 = 10000 (7)

Kq= 0,01 + 0,2
VGi cdp hé s6 K;, Ky, hé s6 K; tiép tuc c6 anh huéng
I6n dén dé ém diu chuyén déng ctia hé théng treo, khi
ma hé s6 nay cang tang lén cang ¢ xu hudng gia tang do
ém diu chuyén déng, nghia la lam gidm RMS va Max cla
chuyén vi va gia t6c khéi lugng dugc treo. Trong khi hé s6
con lai la Ky thi lai c6 anh hudng it dén chi tiéu ém diu

chuyén doéng.

%107

RMIS(Z,)

e
S 2000

o) RMA(Zs)
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MAX(Z,,,)

.
0.15 10000
8000
0.1 6000
X 4000

d) Max(Zs)
Hinh 4. RMS va Max clia chuyén vi va gia toc cia khéi luong duac treo véi
hé s6 K;, Kq thay ddi
¢) Khdo sdt dao déng ciia 6 t6 véi cdp hé s6 K, K 4
Trong trudng hgp nay thi c6 dinh hé s6 K;:
K, = 0,1 + 400
Ki= 0 8)
Kq= 0,01 + 0,2
V6i cap hé s6 K, Kg, hé thong treo chli dong cho thay
gidm gia tri Max ctia chuyén vi véi K, = 240 -+ 260 cho
gia tri Max(Z,) la nho nhat va giam ca gia tri Max va RMS
cla gia toc khéi lugng dugc treo, nhung déi véi RMS cla
chuyén vi khéi lugng dugc treo thi hau hét cac gia tri khao
sat cUa cap hé sé nay déu cho thay gia tri RMS(Z) cta hé
théng treo chti déng la I6n hon hé théng treo bi dong.

HaUl Journal of Science and Technology | 109



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

Kd o o Kp

o) RMS(Zs)

MAXZ, )

200

100
Kd 0 o Kp

d) Max(Zs)
Hinh 5. RMS va Max clia chuyén vi va gia t6c ctia khéi lugng dugc treo véi
hé s K,, K4 thay doi
Qua khao sat cho thdy hé sé K; anh hudng manh nhat,
dé rd hon, bé 3 théng s6 dugc khao sat nhu sau, véi K, la
3 gia tri cu thé, K; va K, 1a dai gia tri nhu sau:
K, = 0;200; 400
K;= 0,1 = 10000 9
Kq= 0,01 = 0,2

10000
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10000

Kd 0 o Ki

0.014
0.012

0.01

RMS(Z,)

0.008

0.006
0.2

10000

0.7

0.6

10000

Kd 0 o Ki

b) K, =400

Hinh 6. RMS ctia chuyén vi va gia t6c cta khéi lugng dugc treo vdi hé s6 K;,
K4 thay dai, K, 6 dinh

Trudng hop K, = 0vaK; va K4 thay d6i tuong ing véi
hinh 4 da khdo sat & trén, hinh 6 khao sat thém hai truong
hopa) K, = 200 vab) K, = 400, thong qua 3 trudng hgp
khao sat nay c6 thé thay véi K, = 400, K; = 10000,
K4 = 0,2 cho thay hiéu nang vuot trdi vé ém diu chuyén
doéng cltia hé théng treo chd dong so véi hé thong treo bi
dong véi RMS(Z) < 0,008 va RMS(Z,) < 0,2. Bo théng
s nay sé dugc sirdung dé danh gia dao dong cla 6 to si
dung hé théng treo chi dong so vai hé thong treo bi
doéng & phan tiép theo.
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4. PANH GIA DAO PONG CUA O TO SU DUNG HE
THONG TREO CHU PONG

B6 cac thong s6 diéu khién t6i uu K, = 400,
K; = 10000, K4 = 0,2 vua khao sat & trén dugc lya chon
dé so sanh gira hé thdng treo cht déng va hé théng treo
bi déng vai van téc khao sat lan luot la 45km/h va
100km/h. Hinh 7 véi chuyén vi va hinh 8 gia t6c cta khai
lugng dugc treo cho thay su giam ro rét ca hai thong sé
nay déi vai hé théng treo chu déng (dudng mau do) so
vGi hé thong treo bi dong (dudng cham mau xanh duang)
va cd véi bién dang mat dudng (dudng mau xanh |a cay).

0.04 T T r
_ 002] A :1,.."_'...:_"‘\ A '.‘.
-; 0 Py ; !,ﬁ?g‘\j/ X
NG / “[—pPiDASS
-0.02 L Passive SS |
Road profile
-0.04 : : : :
0 2 4 6 8 10
Time [s]
a)
0.1 T
—PID ASS
------- Passive SS
E 0.05 Road profile A o ”
= e . it . /A
Nl/l
Hinh 7. Chuyén vi cia khdi lugng dugc treo véi van tdc chuyén dong
a) v=45km/h, b) v=100km/h
2 T
4 .
— Th b &g 8 b s
é O . r. I
) A/ VAR F AL TAC AR Y B B A
NT L S
—PID ASS ¥
------- Passive SS ‘;-
2 : ‘ ‘
-
0
E
-
B
N

o 2 s 6 s 10
Time [s]
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Hinh 8. Gia t6c clia khoi lugng dugc treo véi van tdc chuyén dong

a) v=45km/h, b) v=100km/h
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Dé ré rang han, dd gidm tri s6 RMS clia chuyén vi va
gia t6c khoi lugng dugc treo clia hé théng treo chu dong
so véi hé thong treo bi ddng dugc tinh theo cong thiic
sau:

RMS(X) Treo bj dong
—RMS(X)treo chit dong
RMS(X) Treo bj dong

VGi thong s6 X & day c6 thé la chuyén vi Zg hoac gia
tSc Zs cta khéi lugng dugc treo.

(10)

b0 giam RMS =

Bang 3 cho thay dé gidm RMS clia chuyén vi va gia téc
khoi lugng dugc treo clia hé thong treo chu dong so vai
hé théng treo bi déng khao sat & van toc tuong tng la
45km/h va 100km/h. Vi van téc 45km/h, d6 giam RMS
clia chuyén vi va gia téc khéi lugng dugc treo clda hé
thong treo chi ddng so vai hé thong treo bi dong kha 1én
lan luot 1a 34% va 75%, khi van toc tang 1én 100 km/h thi
RMS(Z,) c6 phan giam nhiéu hon 1én dén 46% va do
giam RMS(Z) van gilr & muc cao 1a 75%.

Bang 3. Bang dd giam RMS clia chuyén vi va gia tdc khi luong dugc treo
clia hé thong treo chl ddng so vdi hé thong treo bi dong

Vin téc v=45km/h v="100km/h
Thongsé | RMS(Z,)| RMS(Zy)| RMS(Z)| RMS(Z,)
Treo bj dong 0,012 0,617 0,022 1,356
Treochiidong | 0,008 0,154 0,012 0,338
Do gidm RMS (%)| 34 75 46 75
5. KET LUAN

Bai bao da tién hanh khao sat cac hé sé clia bo diéu
khién PID st dung cho hé théng treo chd déng véi mé
hinh % 6 t6, trén co s& so sanh cac théng s6 vé chi tiéu ém
diu chuyén doéng so véi hé théng treo bi dong théng
thuong. Cac néi dung da thuc hién clia bai bdo la xay
dung mo6 hinh dao dong Y4 clia 6 t6 véi hé thong treo chi
dong, thiét ké bd diéu khién PID cho co cau chap hanh
cla hé théng treo chi dong, tién hanh khao sat cac hé s6
Kp, Ki, Kq cOa bo diéu khién theo timng cap cac dai gia tri
thay déi dé tir d6 chon ra dugc mét bd hé sé diéu khién
t6i uu dua trén chi tiéu danh gia vé ém diu chuyén déng,
b6 cac thong s6 diéu khién t6i uu do la K, = 400,
K; = 10000, K4 = 0,2. Két qua cta qua trinh mé phéng
hé thdng treo chti déng véi bd hé s6 diéu khién PID téi uu
trén van téc 6 t6 la 45km/h va 100km/h cho thay d6 giam
RMS clia chuyén vi khéi lugng dugc treo clia hé théng
treo chi d6ng so vdi hé théng treo bi déng lan luot la 34%
va 46%, trong khi d6é dé giam nay Ién dén 75% d6i vai gia
téc khéi lugng dugc treo clia hé théng treo chi déng G ca
hai téc do khao sat.
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