CONG NGHE

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

NGHIEN CU'U BO DIEU KHIEN HYBRID PID
CHO HE THONG TREO CHU DONG

RESEARCH A HYBRID PID CONTROLLER FOR AN ACTIVE SUSPENSION SYSTEM
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TOM TAT

Hé thdng treo ¢d vai tro diéu hoa va dap tt cac dao dong trén 6 6. Hé thdng
treo chd ddng cd kha nang kiém soat dao dong hiéu qua hon so véi cc hé thdng treo
bi ddng thdng thuong. Trong nghién cliu nay, nhom tac gia dé xuat st dung thuat
toan lai Hybrid PID dé diéu khién cho mé hinh mot phan tu hé théng treo 6 t6. Khéc
véi thudt todn PID truyén thdng, thuat todn lai cd kha nang hiéu chinh cac hé s6 ks,
ki va ky mdt cach linh hoat theo cac diéu kién dao ddng cu thé. Qué trinh mé phdng
dugc thuc hién trong moi trudng Matlab-Simulink véi ba truGng tuong tng vdi ba
loai kich thich mdt dudng. Theo két qua tinh toan, cic gid tri chuyén vi va gia toc clia
than xe (bao gom ca gid tri cuc dai va gid tri trung binh) da giam dang ké khi dp dung
thudt toan lai. Nhin chung, thudt todn Hybrid PID gitip ddm bao hiéu qua dao dong
t6t hon so véi cac thudt todn diéu khién tuyén tinh thong thudng.

Tir khoa: Hé thdng treo chii ddng, Hybrid PID, dao ddng.

ABSTRACT

The suspension system has the role of requlating and quenching the vibrations
in the car. An active suspension system has more effective vibration control than a
conventional passive suspension system. In this study, the authors propose to use
the Hybrid PID algorithm to control a quarter model of the automobile suspension
system. Unlike the traditional PID algorithm, the hybrid algorithm can flexibly adjust
the coefficients ke, k, and kp according to specific vibration conditions. The simulation
is performed in the MATLAB-Simulink environment with three cases corresponding
to the three types of pavement excitation. According to the calculation results, the
displacement and acceleration values of the vehicle body (including the maximum
value and the average value) have decreased significantly when applying the hybrid
algorithm. The Hybrid PID algorithm ensures better oscillation efficiency than
conventional linear control algorithms.

Keywords: Active suspension system, Hybrid PID, oscillation.
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1.GIGI THIEU

Dao déng cta xe la mot chd dé quan trong thuéc linh vuc
déng luc hoc va diéu khién 6 t6. Dao dong 6 t6 ¢4 dnh huédng
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I&n t&i d6 ém diu va sy thoai mai clla hanh khach cling nhu
chat lugng hang hoa va dé bén két ciu. Cac rung déng trén
xe dugc gay ra bdi nhi€u nguyén nhan, dién hinh nhu qua
trinh truyén moment cta hé théng truyén luc, hoat déng
clia dong co trong ki né, su tiép xuc gilta banh xe va mat
dudng hay la cdc nguyén nhan bén ngoai khac... Trong do,
cac kich thich tir mat dudng dugc xem la nguyén nhan chinh
gay nén dao dong cho 6 t6 khi tham gia giao théng.

Hé théng treo dugc st dung dé lam gidm cac rung ddng
khéng mong muén trong qué trinh di chuyén clia xe. D8i vi
mot hé thong treo co khi théng thudng (treo bi déng), né
chi gébm ba thanh phan co ban: b6 phan dan héi, bé phan
gidm chan va b6 phan dan hudng [1]. Trong d6, d6 cling clia
b6 phan dan héi va bdé phan gidam chéan la khéng thay déi.
Diéu nay c6 thé gay ra su mat ém diu trong qua trinh dao
déng, dac biét trong mét sé diéu kién rung déong manh. Dé
nang cao tinh nang ém diu cla xe, gidi phap s& dung hé
thong treo chi dong (treo tich cuc) da va dang dugc ap dung
trén moét sé phuong tién hién dai ngay nay.

C6 nhiéu nghién ctu lién quan dén diéu khién hé théng
treo chd dong da dugc cong bo trong thai gian gan day.
Trong [2], nhém tac gid Vi Hai Quan va Lé Hiru Chuc da gidi
thiéu viéc si dung thuat toan toan phuong tuyén tinh (LQR)
cho mé hinh hé théng treo. Day 1a mot gidi phap diéu khién
cho hé tuyén tinh v&i cdc ma tran trang thai. Thuat toan nay
cling dugc sir dung trong nghién cliu cla tac gia Va Van Tan,
tuy nhién co sy két hgp thém ciia mét bo quan sat Kalman
[3]. Trong [4], cac tac gid st dung thuat toan PID truyén
théng dé diéu khién cho hé théng treo c6 xét dén co cau
chdp hanh thay luc. Cac tham s6 clia bo diéu khién 13 ¢6 dinh
trong moi tinh huéng dao déng. Viéc st dung thuat toan PID
cho hé théng treo la mét giai phap phu hop [5, 6], tuy nhién,
can phai thay déi linh hoat cac tham sé cta bd diéu khién dé
nang cao tinh thich nghi trong nhiéu tinh huéng. Dua trén
quan diém nay, nhém tac gid dé xuat sit dung mot thuat
toan lai Hybrid PID dé kiém soét hoat dong cta hé théng
treo cht déng trong nhiéu diéu kién dao dong phuc tap
khac nhau. Thuat toan lai nay la su két hgp gilra thuat toan
PID co ban va giadi thuat ma véi chic nang hiéu chinh cac
tham sé ctia bd diéu khién. Qua trinh thiét k&€ mé hinh dao
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déng va thuat toan diéu khién dugc mé ta & cac muc tiép
theo clia bai bao.
2. MO HINH VA PIEU KHIEN
2.1. Mé hinh hé théng treo

M6 hinh déng luc hoc cta hé théng treo 6 t6 dugc s
dung dé€ mé ta dao dong clia xe khi di chuyén trén cac nén
dudng map mé (hodc la chiu kich thich tir bén ngoai). Doi
vdi cac bai toan diéu khién, mé hinh mét phan tu (hinh 1)
thudng dugc st dung dé két hgp vdi cac thuat toan diéu
khién véi muc dich xac dinh nguéng dao déng va hiéu
nang cda bo diéu khién. Trong nghién clu nay, tac gid dé
xudt viéc thié€t [ap mé hinh mét phan tu hé thong treo véi
hai bac tu do.

S dung phuong phap tach hé nhiéu vat va nguyén ly
D’alembert, dao dong cda 6 t6 dugc mo ta théng qua cac
phuaong trinh sau:

Fl =F +F +F, (1M
F=Fu—F-FK-F (2)
Trong d6:

Luc quan tinh cta khéi lugng dugc treo:
F'=m,x§&, (3)
Luc quan tinh cta khéi lugng khéng dugc treo:
Fi=m,x§, (4)
Luc dan héi ctia 16 xo:
Fo=Cx (& —€)

(5)

Luc can cda gidm chan:

FK :Kx(éz_é1) (6)
Luc dan héi cua 16p:
FCchLx(h_EZ) (7)

FCI’ISOI’

_
[ $)
3
)
%-
Z
=}

9!
c

\
W

h

Hinh 1. Md hinh mét phén tu

Thanh phan gidm chan cta I6p la rat nho va thudng duoc
bd qua trong cac bai toan nghién ciu vé dao dong 6 t6. Luc
tac déng clia co cdu chap hanh thay luc F, dugc xac dinh
theo mot phuong trinh vi phan tuyén tinh gan dang nhu
bén dudi [7]:

F,=aF, +o|2(€1 —€Z)+a3u(t) 8)
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VGi: a; 1a cac hé s6 clia phuong trinh tuyén tinh gan ding,
&1 va & 1an luct 1a chuyén vi cta khéi lugng dugc treo va
khéng dugc treo, u(t) 1a tin hiéu diéu khién.
2.2. Thuat toan diéu khién

Trong nghién clru nay, thuat toan diéu khién lai dugc su
dung dé kiém soat hoat dong clia hé théng treo chi déng.
Ban chat cla thuat toan nay la su két hgp gitta mét bo diéu
khién PID truyén théng va giai thuat mg (thuat toan thong
minh). Theo ly thuyét diéu khién tuyén tinh [8], thuat toan
PID bao gém 3 thanh phan, tuong tng vé&i ba nhiém vu:

+ Thanh phan khuéch dai: diéu chinh d6 I16n tin hiéu diéu
khién dé dua sai léch vé nhé nhat.

+ Thanh phan tich phan: tao tin hiéu diéu khién khi sai
léch van con tén tai.

+ Thanh phan vi phan: thay d&i t6c d6 phan (ing cda tin
hiéu diéu khién theo téc do sai léch.

Mb hinh toan ctia bo diéu khién PID dugc thé hién dudi
dang phuong trinh vi phan sau:

u(t)=kpe(t)+ k,je(r)dr+kDé(t) 9)

Véi: e(t) 1a sai s6 cta hé diéu khién; y(t) |a tin hiéu dau ra
va yq(t) la tin hiéu dat mong muén.

e(t)=y(t)-yq(t)

L4y Laplace ca hai vé cta (9), ham truyén cta bd diéu
khién dugc viét lai dudi dang:

1
R(s) =k, (1+T—+TDSJ

S

(10)

(1)

Trong dé:

T - 1

kok,

Dai véi thuat toan diéu khién PID, viéc xac dinh chinh xac
cac hé so ke, ki va kp 1a vo cling quan trong. Néu cac hé s6 diéu
khién dugc lua chon mét cach phu hgp, hiéu qua lam viéc cda
bo diéu khién sé dugc dam bao. Ngugc lai, dao ddng clia xe
sé bi dnh hudng tiéu cuc néu cac hé s6 nay dugc xac dinh
khoéng chinh xac. Hién nay, c6 nhiéu phucang phap da va dang
duogc ap dung dé tim ra cac tham s6 cho bé diéu khién.
Phuong phap thi nhat la chon ¢6 dinh theo kinh nghiém cua
ngugi thiét ké. Tuy nhién, rat kho dé ddm bao hiéu ndng cda
thuat toan theo cach nay. Phuong phap thu hai la si dung
chuc ndng Autotuning clia Matlab dé tim ra cac hé s6 phu
hop. Pay la mét iing dung rat tién Igi nhung né chi co thé ap
dung cho cac bai toan don gian (cac bd diéu khién gian tiép).
Viéc sir dung tinh nang nay cho cac bo diéu khién truc ti€p
nhu trong bai bdo nay thi khong mang lai hiéu qud cao va c6
thé dan dén viéc lam tang sai s6 hé théng. Thit ba la sir dung
cac phuong phap tinh toan ly thuyét truyén théng nhu
Ziegler-Nichols I va Il. Theo [8], phuaong phap Ziegler-Nichols |
chi ap dung dugc cho cac hé c6 dap tng nac dang cong chir
"S" trong khi phuong phap Ziegler-Nichols Il thi phu hgp cho

va T, =k.k,
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cac hé c6 ché do bién gidi 6n dinh khi hiéu chinh hé s6 khuéch
dai. Phuong an thi tu la sit dung mot s6 thuat toan tim kiém
t6i uu, nhu la thuat toan bay dan (PSO) [9] hay thuat toan di
truyén (GA) [10],... Mac du cac thuat toan ké trén cé thé gidp
xac dinh gia tri phu hgp (tham chi tim ra gia tri t6i uu khi st
dung giai thuat PSO hodc GA) nhung cac gia tri nay la ¢6 dinh
trong moi tinh huéng (ke = const; k = const; kp = const), tic la
b6 diéu khién chi mang lai hiéu qué trong mét hodc mét s6
trudng hgp nhat dinh. Trén thuc t&€, méi tinh huéng dao déng
sé& can mot bé théng sé khac nhau, néu sir dung chung mét
b6 gié tri cho nhiéu trang thai dao déng thi sé khdng thé dap
Uing dugc cac yéu cau vé do ém diu cta xe. V3i y tudng thay
déi lién tuc cac tham sé clia bo diéu khién dé dap ung dudgc
nhiéu diéu kién dao dong khac nhau, viéc sir dung thuat toan
ma& dé chinh dinh cac hé s6 nay la mét gidi phap phu hgp. Khi
d6, cc tham s6 c6 thé dugc chinh dinh linh hoat theo céac diéu
kién dau vao khac nhau. Thuat todn m¢ gitp xac dinh cac
trang thdi trung gian cia hé ma khong phu thuéc vao mo hinh
déi tuong.
. ,

Cao d§ ham lién thude
=
n

03

0 L L \ L —
-50 -40 -30 -20 -10 0

. s aA 5
Gia tri dau vao

Hinh 2. Ham lién thudc (ks)

1

Cao d9 ham lién thuge
=3
n

Gia tri diu vao

Hinh 3. Ham lién thudc (k)

Vi muc dich nang cao hiéu qua dao déng clia hé théng
treo trong céac diéu kién khac nhau, nhom tac gia dé xuat s
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dung ba ham lién thudc tuang tng véi ba hé s6 nhu hinh 2,
3 va 4. Truc hoanh clia cac ham lién thudc la cac gia tri dau
vao (chuyén vi va gia t6c than xe), truc tung thé hién muic do
dau ra. Gid tri ciia cac hé s6 diéu khién phu thudc vao cao d6
ham lién thudc, hinh dang ctia ham lién thudc va luat ma.

, : : , :

Cao d§ ham lién thude
=
n

I . )
-40 -30 -20 -10 0 10
Gia tri dau vao

Hinh 4. Ham lién thudc (ko)

C6 bén dang ham lién thudc dugce sir dung trong nghién
clru nay, tuong Ung vai ba hé s6, bao gém: ham dang hinh
thang, ham dang tam giac, ham dang hinh chu6éng va ham
dang Gaussian.

Ham hinh tam giac (TRIMF):

X—a C—X
ja,b,c)= i , ,0
H(x;a,b,c) max(mln(b_a c—bj j
Ham hinh thang (TRAPMF):

H(x;a,b,c,d)= max[min(z;a,hd _Xj,oj
~a

d-c

(12)

(13)

Ham hinh chu6ng (GBELLMF):
1

u(x;a,b,c)= - (14)
X—C
1+
a
Ham phan b Gaussian (GAUSSMF):
e
H(x;o,c)=e > (15)

Trong d6, caché s6 a, b, ¢, d, 5 lan lugt la cac hé sé tuang
Ung clla cac ham [11].

Nghién ctu nay s dung mot hé suy luan ma don gian
v3i cac ménh dé R c6 mot dau vao va moét dau ra, dugc thé
hién theo (16).

Ri: NEU y = A, THiy = B, hodc \
Rz NEU y = A, THiy = B, hodc

Rn: NEU y = A, THIy =B, (16)

VGi: 3 va y la cac bién ngdn ngl, A va B la cac gid tri clia
céc bién ngén ngt.
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Khi dau vao da biét, dua vao ménh dé md, ta c6 thé tim
ra dugc ham suy ludn ma f, theo (17).

Mg (X'y) :f(pAi (X);“Bi (Y))

Theo céng thic Mamdani, ham suy luan m& dugc gidi
thich nhu sau:

(1 ()51 () =MIN(, (X))

Thong qua phép toan hgp thanh, ham lién thudc clia ca
hé dugc xac dinh theo (19).

Mg (X'y) = L;J“Ri (Xry)

Sau khi bé diéu khién Hybrid PID da dugc thiét ké, qua
trinh tinh todn va mé phdng sé dugc thuc hién dé danh gia
chat lugng cta hé théng.
3.MO PHONG VA TiNH TOAN
3.1. Diéu kién mé phéng

(17)

(18)

(19

Qua trinh mé phang s6 dugc thuc hién trong méi trudng
Matlab-Simulink véi ba trudng hop cu thé. Map moé mat
duong la thong s6 dau vao clia hé thong (hinh 5), két qua
dau ra bao gém chuyén vi va gia t6c¢ than xe. Cac théng s8
ky thuat ctia 6 t6 st dung cho qua trinh mé phdng dugc chi
ra trong bang 1.

Bang 1. Thong so ky thuat 6 to

Théng s6 Ky hiéu Gia tri Don vi
Khdi lugng dugc treo m 500 kg
Khdi lugng khong dugc treo m, 50 kg
D0 cling 10 x0 ( 44000 N/m
Hé s can gidm chan K 3900 Ns/m
D cling lop G 175000 N/m

C6 ba dang kich thich mat dudng cha yéu dugc st dung
trong nghién cltu nay, tuong Ung véi ba truong hop tinh
toan (hinh 5), bao gom:

+ Trudng hop 1: Kich thich tuan hoan dang hinh sin.

+ Trudng hgp 2: Kich thich dang ham xung.

+ Trudng hgp 3: Kich thich ngau nhién.

100 -

80 -

60 -
40 -

20

il \

=20 - \

40 \

Map mé mit dwong (mm)

X

-60 [

-80 [

-100 [ 1 L L L L I .
0 1 2 3 4 5 6 7 8 9 10
Thaoi gian (s)

Hinh 5. Map mo mat dutng
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3.2. Két qua va danh gia

Dao dbng cua 6 to6 dugc danh gid thong qua ba trudng
hop. Cac gia tri dau ra thu dugc bao gém chuyén vi va gia
téc cla than xe. Cac gid tri nay dugc danh gia dua trén tiéu
chi vé d6 I6n cuc dai va d6 16n trung binh (tinh theo tiéu
chudn RMS).

Truong hop 1:

Trong trudng hop dau tién, kich thich mat dudng cé
dang hinh sin dugc s dung. Bién d6 cua kich thich 1én téi
100 (mm) trong khi tan s6 dao dong la khéng I6n. Su thay
déi chia chuyén vi than xe theo thdi gian dugc chira trén hinh
6. Theo két qua nay, chuyén vi ctia khéi lugng dugc treo thay
déi tuan theo quy luat kich thich ban dau. Déi véi hé théng
treo bi ddng, gia tri clia chuyén vi cé thé vugt qua 100 (mm),
trong khi gia tri dinh cGia dao déng khi 6 t6 st dung hé théng
treo cha dong thi chi bang khodng mét niia. Xét theo tiéu
chi RMS, gia tri trung binh cla dao déng cho cad ba tinh
huéng: Bi déng; PID va Hybrid PID lan lugt 1a 70,72 (mm);
38,17 (mm) va 36,96 (mm).

T T T T

100} ——Hybrid PID| |

——Biding
PID

80 L
60 [
af
0r
ol

=20

Chuyén vi thiin xe (mm)

a0

-60

-80

=100 -

0 1 2 3 4 5 6 7 8 9 10
Thoi gian (s)

Hinh 6. Chuyén vi than xe (TH,)

Dao dong clia khéi lugng dugc treo la gia tri quan trong
trong viéc danh gia hiéu qua vé do ém diu khi di chuyén trén
dudng. Theo két qua trén hinh 7, gia téc cuc dai clia than xe
khi khéng st dung b diéu khién c6 thé 1én t6i 1,69 (m/s?).
Gi4 tri nay dugc kiém soat t6t hon déi vai cac hé théng treo
chl d6ng, chi con 1,45 (m/s?) (PID) va 1,02 (m/s?) (Hybrid
PID). Xét gia tri trung binh clia gia tc (RMS), ¢ thé dé dang
nhan thay rang thuat toan Hybrid PID gitp dam bao muc
dao dong la nhé nhat véi 0,19 (m/s?), trong khi gia tri cia hai
tinh huéng con laila 0,23 (m/s?) va 0,41 (m/s?), tuong Ung véi
PID va bi déng.

Nhin chung, trong trudng hgp tha nhat, su chénh léch
gitta hai tinh huéng: PID va Hybrid PID la kha nhé. B6i vai
cac trudng hgp dao déng nho, hiéu nang cta thuat toan lai
chua thuc sy dugc phat huy. Tuy nhién, né van dam bao su
khéc biét so véi tinh huéng 6 t6 chi c6 hé thong treo co khi
thong thudng.
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T

—— Hybrid PID
Bidjng
PID

Gia téc than xe (m/sz)
=
th

A /\v/\

N

Thoi gian (s)

=

051

Hinh 7. Gia toc than xe (TH,)

Truong hop 2:

Trong trudng hop th hai, mdp mé mat dudng dugc sur
dung cé dang ham xung. Dé&i véi dang kich thich nay, dao
dong cla than xe sé 16n han bai vi banh xe chiu kich thich
doét ngot trong thai gian ngan. Hinh 8 mé ta chuyén vi cla
than xe tuong Ung véi hai xung kich thich trong thai gian
mo phong t = 10 (s). Theo két qua nay, gia tri cuc dai cla
than xe tuong Ung vdi ba tinh huéng: Bi dong; PID va
Hybrid PID lan lugt la 150,74 (mm); 62,59 (mm) va 13,97
(mm). So véi trudng hop dau tién, su chénh léch két qua
trong trudng hgp thu hai la ré6 rang hon, dac biét la gila
tinh huéng PID va Hybrid PID. Bgi vi tinh hudng kich thich
dang xung khong phai la dao déng lién tuc, do dé khong
xét dén gia tri RMS ctia dao dong.

160 T T T T T
—— Hybrid PID

Bi ding
PID

140

120 =

= ) ® =

= = =1 =
T T T

I I I I

Chuyén vi thin xe (mm)

[ )
=
T

T
l
F

o

=

T

L
Chuyén vi thin xe (mm)

IS
>
I

|
0 1 2 3 4 5 6 7 8 9 10
Thaoi gian (s)

Hinh 8. Chuyén vi than xe (TH,)

Gia t6c than xe trong trudng hgp tha hai l[6n hon nhiéu
lan so vai trudng hgp dau tién. Nguyén nhan chinh ctia viéc
nay la do su tac déng dét ngdt cla cdc xung kich thich tu
mat dudng. Theo két qua trén hinh 9, gia téc cuc dai cla tinh
hu6ng 6 t6 st dung treo bi dong va treo chd dong (PID) la
tuang duong nhau, trong khi gia tri cuc dai cda tinh huéng
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con lai (Hybrid PID) thi thap hon rat nhiéu, chi khoang 5,52
(m/s?). Rd rang, d& ém diu ctia 6 t6 c6 thé dugc cai thién tét
han néu ap dung thuat toan lai trong nhiing tinh huéng dao
dong dot ngot.
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Hinh 9. Gia tdc than xe (TH,)

Truong hop 3:

Trén thuc té, khi xe di chuyén trén dudng c6 thé gap phai
rat nhiéu cac kich thich c6 bién d6 va tan s6 khac nhau, dugc
goi chung la kich thich ngau nhién. Cac kich thich dang ngau
nhién thuong gay ra sy mat ém diu trong mét khoang thoi
gian dai va lam anh hudng dén sy tién nghi ctia hanh khach
trén xe. Nh& vao hé thong treo cht déng, dé ém diu cla xe
c6 thé dugc cai thién tot hon.

Theo két qua dugc mo ta trén hinh 10, chuyén vi cuc dai
va trung binh clia tinh huéng 6 t6 st dung treo ca khi cé thé
Ién t&i 98,51 (mm) va 35,44 (mm). D&i véi hé thong treo chi
dong dugc diéu khién bédi thuat toan PID théng thudng, gia
tri nay giam xuéng con 39,24 (mm) va 14,40 (mm). Néu cac
hé s6 cta thuat toan PID thong thudng dugc hiéu chinh béi
mot thuat toan ma, hiéu qua hoat dong ctia hé thong sé tot
hon, giam manh con 28,30 (mm) va 13,61 (mm).
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Gia tbc than xe (m/sz)

Hinh 11. Gia tdc than xe (TH;)

Gia t6c than xe trong trudng hop thi ba thay déi lién tuc
theo thai gian (hinh 11). Gia tri dinh cta gia t6c trong hai
trudng hgp Bi dong va PID thi tuong duong nhau, dat 11,56
(m/s?) va 12,11 (m/s?). Tham chi, gia tri cuc dai cta gia toc khi
st dung bo diéu khién PID truyén théng con I6n hon so véi
tinh huéng khéng c6 bé diéu khién. Biéu nay c6 thé gay anh
hudng xau dén dé ém diu ctia xe. Ngugc lai, gia tri dinh cua
gia toc chi dat 4,71 (m/s?) mét khi hiéu chinh cac théng sé
cla bd diéu khién bang thuat todn md. Gia tri trung binh
tuang Ung véi ba tinh huéng lan lugt dat 4,32 (m/s?); 4,60
(m/s?) va 2,98 (m/s?).

Cac két qua cltia qua trinh mé phdng dugc tom tat trong
bang 2.

Bang 2. Két qua md phong

HybridPID | Bidéng PID
TH
Chuyén vi I6n nhéat (mm) 57,84 106,16 56,50
Chuyén vi trung binh (mm) 36,96 70,72 38,17
Gia toc I6n nhét (m/s?) 1,02 1,69 1,45
Gia toc trung binh (m/s?) 0,19 0,41 0,23
TH,
Chuyén vi [6n nhat (mm) 13,97 150,74 62,59
Chuyén vi trung binh (mm)
Gia toc I6n nhét (m/s?) 5,52 22,35 21,89
Gia toc trung binh (m/s?)
TH;
Chuyén vi I6n nhét (mm) 28,30 98,51 39,24
Chuyén vi trung binh (mm) 13,61 35,44 14,40
Gia toc I6n nhat (m/s?) 471 11,56 12,1
Gia toc trung binh (m/s?) 2,98 4,32 4,60
4, KET LUAN

Map mé mat dudng la nguyén nhan chinh tao ra dao
déng cho xe. Dao ddng trén 6 t6 c6 thé gay ra nhiéu anh
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hudng tiéu cuc tai stic khde ctia hanh khach ciing nhu chat
lugng ctia hang hda khi di chuyén trén dudng. Hé théng treo
dugc st dung dé diéu hoa va dap tat cac dao ddng khéng
mong mudn.

Bai bao nay dé xuat viéc thiét ké moét thuat toan lai
(Hybrid PID) dé€ diéu khién cho hé théng treo cht déng. Cac
thong s6 clia bd diéu khién PID c6 thé dugc hiéu chinh linh
hoat thong qua mét thuat toan ma. Theo két qua mo phong,
gia tri clia chuyén vi va gia t6c than xe da gidm dang ké (ca
gia tri dinh va gid tri trung binh) khi s&r dung thuat toan lai.
Nhin chung, hiéu ning ctia hé théng treo c6 thé dugc cai
thién tét hon néu céc gia tri tham s6 dugc diéu chinh mot
cach phu hop.
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