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PANH GIA HIEU QUA CUA HE THONG TREO BAN CHU PONG
VOI THUAT TOAN PID
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Tém tit: H¢ théng treo trén 6 to dwoc su dung dé diéu hoa va dap tit cac dao dong cua xe. Do
cing cia hé thong treo co khi khéng thé thay doi, do dé, do ém diu cia xe sé bi anh huéng trong
nhiéu truong hop. Pé nang cao sy én dinh cia 6 16, hé théng treo ban chu dong dwoc su dung daé
thay thé hé thong treo bi dong thong thuong. Hé thong treo ban chii dong svr dung giam chan dién
tir v6i d9 nhét ciia chat 1ong cé thé thay doi dwa trén tin hiéu dong dién dwoc cung cap. Trong badi
bdo nay, cdc tac gia da sir dung thudt todn diéu khién PID dé kiém sodt hoat dong ciia giam chan
dién ti. Mo hinh dong luc hoc mot phcfn tw duoc su dung dé mé ta dao dong cua xe. Trong moi
truong hop khdo sat, cdc két qua 1om nhat va két qua trung binh ciia chuyén vi va gia toc thin xe
duge so sanh véi nhau. Nhin chung, dao dong cia 6 t6 da giam dang ké khi hé thong treo bdn chii
dong dwoe sir dung. Qud trinh thire nghiém c6 thé dwoc tién hanh trong thoi gian t6i dé cé thé danh

gid hiéu qua cua bo diéu khién.

T khoa: Hé théng treo ban chu dong, thuat toan PID, dao dong 6 t6, dong luc hoc 6 t6.

1. GIOI THIEU

Su ém diu va tinh ti€n nghi cua 6 t6 khi di
chuyén 1a mot trong nhirng van dé rat quan
trong. Van dé nay c6 thé anh huong tryc tiép toi
strc khoe ciia hanh khach ciing nhu chat lwong
ctia hang hoa hay tudi tho cua 6 t6. Su ém diu
ctia 0 to bi mat di do cac dao dong cua 6 to giy
ra. Tham chi, néu cac dao dong nay qua 16n, nd
6 thé lam anh hudng dén su 6n dinh va an toan
ctia xe khi chuyén dong. C6 rat nhiéu nguyén
nhan khién cho xe bi dao dong, trong do cac
méap md tir mat duong ¢ thé dugce coi 1a nguyén
nhan chinh gay ra hién tugng nay.

Dao dong cua 6 to 1a mot van dé rat phtc tap.
Phan 16n cac dao dong déu 1a c6 hai, do do6 viéc
diéu hoa va dap tit cac dao dong nay l1a can
thiét. Nhiém vu nay dugc dam nhan boi hé
thong treo trén 6 t6. Thong thudng, hé thong
treo ctia 0 6 con s& ¢ ba thanh phan chinh, bao
gdm: bd phan dan hdi (16 xo, nhip 14, thanh

! Khoa Co khi, Trieong Pai hoc Thity lgi

xoén); bd phan giam chan; bd phan dan hudng
(don ngang, don doc, thanh lién két da diém)
(Jiregna 1. and Sirata G., 2020). P§ cung cua
cac thanh phan nay khong thé thay d6i duoc, vi
vay kha nang ddm bao ém diu ctia né la khong
cao. Mot giai phap dwoc dua ra dé nang cao tinh
tién nghi cua 6 t6 1a thay doi d6 cling ctia cac bd
phan nay mét cach linh hoat hon. Trong
(Zepeng G., et al., 2017), Zepeng et al. di dé
cap téi viéc su dung hé théng treo khi nén véi
d6 cimg cua 10 xo khi c6 thé thay ddi dugc. Do
ciing cua 10 xo khi s€ phu thudc vao vi¢c diéu
chinh 4p suat bén trong cac balloon khi cta hé
thong treo (Xiao P., et al., 2018). Mot giai phap
khac 1a sir dung giam chin dién tir v6i do cing
c6 thé thay d6i, duoc goi 1a hé théng treo ban
chi dong (Fujita T., et al., 2013). Pdi véi giam
chin dién tu, dong dién dugc cung cép vao 101
bén trong giam chin s& tao ra tir trudng xung
quanh. Diéu nay lam thay di trat ty sip xép cta
cac hat kim loai, do do s€ lam thay ddi d6 nhot
cia chat long bén trong 6ng giam chan
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(Khedkar Y. M., et al., 2019). Chinh su bién dbi
thich nghi nay di khién cho d6 cimg chung cta
giam chan thay doi.

Trong nhidu nam tré lai day, c6 nhiéu cac
nghién ctru vé thuat toan diéu khién cho giam
chin dién tr dd duoc cong bd. Trong
(Koulocheris D., et al., 2017), Koulocheris et al.
da gioi thiéu thuat toan Skyhook cho moé hinh
giam chan cua hé thdng treo ban chii dong.
Thuat toan nay dugc chia theo cac nic cua bd
diéu khién. Mot thuat toan khac ciing da duoc
ap dung cho hé thong treo v6i giam chin dién
tir, d6 1a thuat toan phan hdi vi tri duong, dugc
trinh bay bdi Aquino et al. (Aquino K., et al.,
2021). D6i v6i nhing trang thai trung gian,
thudt toan diéu khién md thuong duge sir dung.
Céac ham lién thudc cua thuat toan md duoc thiét
lap dua trén kinh nghiém cuia céc tac gia (Pang
H., et al., 2015). Bén canh do6, nguyén ly hoat
dong cua co cdu chap hanh dién tir cling c6 thé
dugc sir dung dudi dang phi tuyén (Zhang S., et
al., 2021) hodc tuyén tinh (Jeyasenthil R., et al.,
2021). Nhin chung, hiéu qua ma hé thong treo
ban chii dong mang lai 1a twong dbi tich cuc.

NOi dung cua bai bdo nay hudng toi viéc
danh gi4 hiéu qua cia hé thdng treo ban chu
dong sir dung giam chan dién tir. Trong cac
nghién ctru trude déy, cac tic gia thuong diéu
khién giam chan dya theo van tdc chuyén dong
ctia hé théng treo. Mot sb cac nghién ctiru ¢ dé
cp toi viée st dung gia tc cua than xe véi vai
trd 14 ddi tuong can duge didu khién. Tuy nhién,
trong nghién ciu nay, chuyén vi cta than xe
dugc st dung nhu 1a mot tin hiéu dau vao cua
bai toan didu khién. Bén canh do, giam chén
dién tir dugc dé cap trong nghién ciru nay c6
dang 1y tudng. Vi vay, mé hinh dugc str dung
trong bai bdo nay thi don gian hon rit nhiéu so
voi cac mo hinh phirc tap khac, chiang han nhu
Skyhook. Pay duoc coi 13 mot diém moi cia bai
b4o so vdi cac nghién cuu khac da dugc cong
b6. Phuong phap duoc sir dung trong nghién
ctru bao gém phan tich, danh gia va mo phong.

B6 cuc ciia bai bao gdm 4 phan: tong quan; md
hinh va thudt toan diéu khién; moé phong va
danh gia; két luan. Cac ndi dung chinh dugc
trinh bay ¢ nhirng muc tiép theo ctia bai béo.

2.MO HINH VA THUAT TOAN PIEU KHIEN

Dé md phong dao dong cua 6 to, can phai
thiét 1ap md hinh dong Iuc hoc. Co nhiéu dang
mo hinh dong luc hoc da va dang dugc sir dung
dé danh gia dao dong, trong d6 mo6 hinh mot
phan tu rt phi hgp d6i voi cac bai toan co lién
quan dén diéu khién (Hinh 1).
! m “

| Cam bien

. . 1
1 B dicu khién
) I

Hinh 1. M6 hinh dong luc hoc o to

H¢ phuong trinh vi phan mé ta dao dong cua
xe duoc dua ra nhu sau:

mz, = Fy + I (1)
m,z, = Fyp —Fy = F (2)
Trong do:
Luc dan hoéi cia 10 xo tuyén tinh:
F,=K(z,-z) 3)
Luc can giam chin tuyén tinh:
FC:C(ZZ—ZI) 4)
Luc dan hoi cua 16p Xe:
FKT:KT(F_ZZ) ®))

Péi voi giam chén dién tir, luc can cia giam
chin c6 thé dugc xac dinh dya trén md hinh phi
tuyén. Phuong trinh (6) thé hién su phu thude
giita Iyc tac dong ciia giam chan va chuyén vi,
van tdc cua piston bén trong xylanh giam chén
(Hou and Liu, 2020).

F.=kx, +cx, +PMngn(5cp) (6)

Véi: k. 1a hé s6 d6 cung twong dudng; ¢, 13
hé sd giam chin twong duong; Py 13 luc tac
dong ciia chat 1ong bén trong giam chan va x, la
chuyén vi caa piston.
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Bén canh d6, mot mé hinh khac ciing da
duogc st dung dé xéac dinh lyc tac dong cua giam
chan dién tir, dugc goi la mdé hinh Bouc-Wen
(Desai, et al., 2019). So d6 ctia md hinh Bouc-
Wen dugc trinh bay trén Hinh 2, m6 hinh nay
can phai st dung nhidu cic tham sé thuc

nghiém.
Fczcox+k0(x—x0)+az (7)
z:—}/|x|z|z|nfl — Bxlz|" + Ax (8)

Trong d6: 4, n, 7 f lan luot 1a cac tham sb
diéu khién cho duong cong tur tré; ky 1a hé sb do
ctng va ¢y 1a hé s6 cua giam chan nhét.

[
Bouc-Wen
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Hinh 2. Mo hinh Bouc-Wen

Mot y tuong khac da dugc gidi thi¢u trong bai
bao clia Choque, et al., d6 1a sir dung giam chin ly
tuong (Choque C. S. D., et al., 2021). Gia tri luc
cua giam chin 1y tuong duoc gia thiét rang phu
thudc ca vao van tc cua than xe (chiéu) va tin
hiéu dong dién diéu khién (d6 16n) (Goncalves F.
D., et al., 2001). Pudng dic tinh ciia giam chén 1y
tuong dugc thé hién trén Hinh 3 voi cuong do
dong dién i ndm trong khoang [0 iya]-

F.=C,isgn(z,-z) 9)

Force

=MAX

i=0 el
—_— Velocty

=MAX -

Hinh 3. Puong ddc tinh giam chan Iy twéng
(Goncalves F. D., et al., 2001).

Viée st dung giam chén 1y tudng s& gitip cho
qua trinh tinh toan va md phong tré nén don
gian hon. Sai sd giira viéc sir dung giam chan 1y
tuong va giam chan phi tuyén thi khong qua 16n.
bay dugc coi nhu 1a mot diém méi cua bai bao
s0 voi cac nghién cuu khac.

Trong bai bdo nay, thuat toan diéu khién PID
dugc st dung dé diéu khién cho co ciu chép
hanh giam chan dién tir. Bo diéu khién nay co
cac vu diém nhu: tinh 6n dinh cao, dd bén va
tudi tho rat t6t, chi phi ré,.... Thuat toan diéu
khién PID bao gdm ba khiu twong tng véi ba
hé sb: khau khuéch dai (k,), khau tich phan (k;)
va khau vi phan (kg). Goi e(?) 1a tin hiéu sai sb
ctia bo diéu khién, theo (Huba M., et al., 2021),
tin hiéu dong dién diéu khién duoc dua ra dudi
dang sau:

e(1)=y()-.(1)

Trong do:

(10)

y(1) 14 tin hidu dau ra cua hé thong. Trong
nghién ciru nay, tin hi¢u dau ra duge xét dén la
gia tri cia chuyén vi than xe.

ys(t) 13 ngudng mong mudn cua bd ditu
khién. Tin hiéu ndy dugc gia thiét bang khong.

Tin hiéu dau ra cia bo didu khién i() dugc
tong hop tir ba thanh phan nhu di néu ¢ trén.

i(t):kpe(t)+ki'|.e(t)dt+kddi7(;) an

Céc h¢ s cua b diéu khién c6 thé dugc xac
dinh boi phuong phép Ziegler-Nichols hodc boi
cac thuat todn thong minh nhu thuat todn mo,

Sau
khi mé hinh dong luc hoc va b diéu khién da

giai thuat di truyén, thuat toan bay dan, ...

duoc thiét ké, qué trinh mo phong can duoc tién
hanh dé xac dinh hiéu ning ciia bo diéu khién.

3. MO PHONG VA DPANH GIA

3.1. Diéu ki¢én md phéng

Qué trinh m6 phong dugc thuc hién trong
moi truong MATLAB-Simulink véi 3 truong
hop cu thé. Trong hai truong hop dau tién, kich
thich mdt duong c6 dang hinh sin. Tuy nhién,
bién d6 va tan s6 dao dong cua hai truong hop
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14 khac nhau. O trudng hop cubi cling, map md
mit duong co dang ngiu nhién véi tan sd 16n.
Diu vao ciia bai toan mo phong 1a cac kich thich
tir mat duong, dau ra s& 1a cac gia tri cua chuyén
vi va gia tc than xe. Cac gia tri ndy dugc so sanh
theo cac chi tiéu vé gia tri 1on nhat va gia tri trung

binh (RMS). Trong mdi trudng hop, c6 hai tinh
huéng duogc danh gia: xe sir dung hé théng treo bi
dong va xe sur dung hé théng treo ban chu dong.
Cac thong s sir dung cho qua trinh mo phong
duoc dua ra nhu Bang 1. Cac thong s6 nay duoc
tham khao trong (Basargan, et al., 2021).

Bang 1. Cac thong s ciia xe tham khio

Ky hiéu Giai thich Gia tri Pon vi
m Khdi luong dugc treo 214 kg
my Khdi lwgng khong dugce treo 40 kg
K D§ cung cua 10 xo 30000 N/m
K Do cling ciia 16p 220000 N/m
C D6 clng cta giam chim 1500 Ns/m

Kich thich mat duong dugc dua ra nhu Hinh 4 tuong g véi 3 trudong hop khao sat.
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Hinh 4. Mdp mé mdt duong (a— TH;; b— TH,, ¢ — TH3)

3.2. Két qua md phéng

Két qua ciia qua trinh mo phong duoc thé
hién dudi ba truong hop nhu sau.

Trwong hop 1:

Trong truong hop dau tién, kich thich mit
duong co dang hinh sin véi tan sd va bién do
nho. Vivay, dao dong cua xe la khong 16n.

Su thay d6i ciia chuyén vi than xe theo thoi
gian duogc chi ra trong Hinh 5. Theo két qua

nay, gia tri cyc dai cua chuyén vi c6 thé dat
50,48 (mm) néu xe chi st dung h¢ théng treo co
khi. Mot khi hé théng treo ban chii dong vai
giam chan dién tir duoc trang bi dé thay thé
giam chan bi dong, chuyén vi cua than xe ¢ thé
giam xudng, chi con 17,24 (mm). Gia tri trung
binh ciia dao dong trong sudt thoi gian khao sat
lan Iuot 13 35,25 (mm) va 11,86 (mm) twong
(g véi ca hai tinh hudng.
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Hinh 5. Chuyén vi ciia théin xe (TH;)

Bén canh gia tri chuyén vi ciia than xe, gia
téc cua than xe ciing dugc sir dung dé danh gia
d6 ém diu cua xe. Néu gia tri cia gia tdc theo
phuong thing ding qua 16m, 6 ém diu co thé bi
anh huong. Su thay d6i cua gia toc theo thoi
gian dugc mo ta trén Hinh 6. Trong pha thir nhét
ctia dao dong, gia toc than xe ting dot ngot lén
t61 0,59 (m/s”) va 0,13 (m/s®) twong ng v6i hai
tinh huéng: xe sir dung hé théng treo bi dong va
hé thong treo ban chi dong. O céc pha tiép theo,
gia tri cua gia toc giam dan va bién d6i tuan
hoan theo thoi gian. Gié tri trung binh cta gia
toc duoc tinh theo chi tiéu RMS lan luot dat
0,06 (m/s*) va 0,01 (m/s?).
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Hinh 6. Gia téc ciia thin xe (TH,)

Tin hiéu diéu khién cta by diéu khién ciing
thay ddi tudn hoan theo quy lut kich thich tir
mat duong (Hinh 7). Véi kich thich bién d6
nho nhu trong TH;, dJ 16n cua dong dién diéu
khién khong vuot qua 1,6 (A). Do d6, cong
suét tiéu thu ning lugng cua co cau chap hanh
1a khong lon.

Current {A)

in

1] 2 4 [ 8 10 12 4 16 I8 20
Time (s)

Hinh 7. Tin hiéu diéu khién (TH,)

Trwong hop 2:

Kich thich mat duong & truong hop thir nhat
1a khong 16n, can phai dugc thay thé boi kich
thich c¢6 bién d6 16n hon dé c6 thé danh gia vé
hiéu qua ctia hé thong. Trong truong hop nay,
méap md mit duong van bién doi tuan hoan theo
quy luét hinh sin. Tuy nhién, bién do cua kich
thich d3 duogc ting gip doi.

Theo két qua cua Hinh 8, gid tri 16n nhit cua
chuyén vi than xe c6 thé 1én t6i 100,96 (mm) va
34,48 (mm). Gid tri trung binh cua cd hai tinh
hudng lan luwot 13 70,51 (mm) va 23,73 (mm).
Do léch pha giita hai tinh hudng khao sat 1a kha
nho. Sy bién ddi cua gia tdc trong truong hop
thir hai ciing tuong tu nhu truong hop dau tién
(Hinh 9). Piém khac biét duy nhit chi la d6 16n
cua dao dong. Nhin chung, khi bién d6 cua kich
thich tang 1€n, cac gia tri cuc dai va gia tri trung
binh cta dao dong cling tang I&én twong ung.

Semi-active| |
Passive

Vertical displacement (mm)

0 2 4 6 8 10 12 14 16 18 20
Time (s)

Hinh 8. Chuyén vi ciia théin xe (TH,)
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Hinh 9. Gia téc ciia thin xe (TH,)

Ngoai ra, gia tri cua tin hiéu diéu khién ciing
tang 1én twong tng (Hinh 10). Theo két qua cua
d6 thi Hinh 10, bién do cta tin hiéu dong dién
c6 xu hudng ting 1én gap hai lan so véi trudng
hop dau tién. Sy thay ddi ndy co thé dugc xem
14 tuyén tinh.

!

<

:E 0

S -1

p 0 2 4 (.‘ H I.fJ 12 I.-l I.l‘ I.S llf.]
Time (s)
Hinh 10. Tin hiéu diéu khien (TH,)

Trwong hop 3:

Trong trudng hop cudi cing, mdp md mit
duong dang ngau nhién duoc st dung. Pay la
dang kich thich thuc t& véi bién do va tan sb
16n. Chuyén vi cta than xe s& thay doi lién tuc
phu thudc vao kich thich cua mat duong (Hinh
11). Chuyén vi cuc dai cua than xe c6 thé 1én
t6i 123,80 (mm) néu xe chi sir dung giam chan
tuyén tinh. Nguoc lai, gia tri ndy c6 thé giam
manh, chi con 15,79 (mm) néu xe sir dung
giam chén dién tir. Gi4 tri trung binh cua dao
dong ciing giam di dang ké, tir 45,05 (mm) con
5,93 (mm).

— .
—— Semi-active|
Pussive

Vertical displacement (mm)

| |
o | il

-150

0 2 4 f ] 10 12 14 16 18 20
Time (s}

Hinh 11. Chuyén vi cia than xe (TH3)
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Hinh 12. Gia téc ciia thin xe (TH3)

Trong truong hop nay, gia tdc cua than xe 1a
rat 16n (Hinh 12). Gia tri 16n nhét va gia tri
trung binh cua gia tdc ¢ thé 1én téi 30,55 (m/s?)
va 8,85 (m/s®). 6 ém diu va tinh tién nghi caa
xe ¢o thé bi anh huong rat 16n. Nho vao hé
thdng treo ban chi dong, cic gi tri ndy giam di
chi con 14,99 (m/s*) va 4,47 (m/s°). Vi vay, dao
dong cua xe co thé duoc cai thién theo hudng
tich cuc hon.

B

6

Current (A)

0 2 4 6 8 10 12 14 16 18 20
Time (s)

Hinh 13. Tin hiéu diéu khién (TH;)
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do 16n va tan sd cua tin hiéu dong dién déu
ting 1én dang ké. Do d6, sy tiéu tén ning
lugng ciing s€ 16n hon.

Két qua ciia qua trinh mé phong dugc tom tat
trong Bang sau.

Dé c6 thé duy tri duge do ém diu cia than
xe, co cdu chap hanh dién tir cin phai hoat
dong mot cach hi€u qua hon. Do d6, sy thay
d6i cua tin hiéu diéu khién ciing can 16n hon.
Sy thay d6i nay duoc mé ta trén Hinh 13. Ca

Bang 2. Két qua md phéng

Chuyén vilén | Chuyén vi trung binh Gia tbc 16m Gia tbc trung
nhit (mm) (mm) nhét (m/s%) binh (m/s%)

Truong hop 1

Semi-active 17,24 11,86 0,13 0,01
Passive 50,48 35,25 0,59 0,06
Truong hop 2

Semi-active 34,48 23,73 0,26 0,03
Passive 100,96 70,51 1,18 0,12
Truong hop 3

Semi-active 15,79 5,93 14,99 4,47
Passive 123,80 45,05 30,55 8,85

4. KET LUAN chip hanh dién tir ctia hé thong treo. Qué trinh

Cac mip mo mit dudng 14 nguyén nhan chinh
gay ra dao dong cho 6 t6. Hé thong treo dugc sir
dung dé diéu hoa va dap tit cac dao dong nay. Hé
théng treo ban chu dong sir dung giam chéan dién
tr ¢6 hiéu qua cao hon so véi hé théng treo bi
dong thong thudong. P nhét cua chit 1ong bén
trong giam chén c¢6 thé duoc thay doi tiy theo tin
hiéu dong dién duoc cung cap tir bd diéu khién.

Bai bdo nay st dung mo hinh dong luc hoc
mot phﬁn tw dé mo ta dao dong cua xe. Thuat
toan diéu khién PID duoc 4p dung cho co ciu

TAI LIEU THAM KHAO

mdé phong duoc thuc hién bsi phin mém
MATLAB-Simulink véi ba trudng hop cu thé.
Cac két qua cia gia tri chuyén vi va gia tdc
dugc so sanh v6i nhau thong qua hai tinh huéng
md phong. Theo két qua nay, gia tri cia chuyén
vi va gia toc da giam di dang ké mot khi hé
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Abstract:
EVALUATION OF THE EFFICIENCY OF A SEMI-ACTIVE SUSPENSION
SYSTEM WITH PID ALGORITHM

An automotive suspension system is used to regulate and quench vehicle vibrations. The stiffness of
the mechanical suspension system cannot be changed, so the ride comfort of the vehicle will be
affected in many cases. A semi-active suspension system is used to replace a conventional passive
suspension system to improve the vehicle's stability. A semi-active suspension system uses
magnetorheological dampers with fluid viscosity that can be changed based on the supplied current
signal. In this paper, the authors used the PID control algorithm to control the operation of a
magnetorheological damper. A quarter dynamic model is used to describe vehicle vibrations. The
maximum and average results for vehicle body displacement and acceleration were compared in
each investigated case. Overall, the vehicle's vibrations were significantly reduced when a semi-
active suspension system was used. The experimental process can be conducted shortly to be able to
evaluate the effectiveness of the controller.

Keywords: Semi-active suspension system, PID algorithm, vibration, vehicle dynamic.
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