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TOM TAT

Bai bdo xay du"ng mé hinh todn hoc cho co cau chdp hanh khi nén ding van dién tir, dwa trén
dinh ludt bdo toan khoi leong, ning lu"ang phuong trinh trang thai khi va dong luc hoc piston—xi
lanh, nham mé ta day di tinh phi tuyén cia dong khi va twong téc cdc phan tir trong hé thong treo
khi nén 6 t6 con. T mé hinh nay, mo phong so dwoc thuc hién de phan tich dong luc hoc co cau
chdp hanh trong cdc diéu kién van hanh khdc nhau. Nghién cieu tdp trung khdo sat anh hwéng ciia
tan sé kich thich, dé mé van va ap sudt ban dau dén chuyén Vi, vdn toc va luc tdc dong cua piston.
Két qua cho thdy tan sé kich thich quyét dinh kha néing theo déi va do on dinh; dé mo van chi phéi
liew leong va toc dé dap vmg; dp sudt ban dau anh hwéng true tiép dén bién do hee va do cimg twong
dwong. Cdc két qua nay la co sé khoa hoc quan trong dé lwa chon tham s6 va thiét ké chién lioc
diéu khién toi wu, ndng cao hiéu sudt va dé tin cdy ciia co cau chdp hanh trong hé thong treo khi
nén o to con.

Tir khoa: Co ciu chcfp hanh; Hé théng treo khi nén; O té con; Van dién tu; Dao dong o to.

ABSTRACT

This paper presents the development of a mathematical model for a pneumatic actuator
controlled via solenoid valves, based on the conservation laws of mass and energy, the gas state
equation, and the piston—cylinder dynamics, to accurately capture the nonlinear airflow behavior
and interactions among components in a passenger car pneumatic suspension system. Using
this model, numerical simulations are performed to investigate the actuators dynamic response
under various operating conditions. The study focuses on the influence of three key parameters —
excitation frequency, valve opening, and initial pressure — on piston displacement, velocity, and
force. Results indicate that each parameter significantly affects system performance: excitation
frequency primarily governs tracking capability and stability, valve opening determines airflow
and response speed, while initial pressure directly impacts force amplitude and equivalent system
stiffness. These findings provide a scientific basis for optimal parameter selection and control
strategy design, contributing to improved performance, reliability, and efficiency of actuators in
automotive air suspension systems.
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1. GIOI THIEU

Trong hé thong treo khi nén trén 6 t6, co
ciu chap hanh st dung moi chat nén dong vai
tro trung tam nho kha nang tao luc lon, cong
suét cao va tinh thich nghi linh hoat, cho phép
hién thuc hoa cac thuat toan diéu khién thong
minh thanh chuyén dong co hoc chinh xac [1].
Tuy nhién, dic tinh phi tuyén, tinh nén duoc
ctia moi chat va sy twong tac phirc tap giita cac
phan tir trong hé khién viéc phan tich va thiét
ké diéu khién tro nén thach thirc, doi héi mot
khudn khé mo hinh hoa chit ché va ¢6 do chinh
xac cao [2], [3], [4].

Céc nghién ctru trude day da dé xuét
nhiéu phuong phap mé hinh hoéa co cau chap
hanh, tr cac mo hinh tuyén tinh hoa cuc bd
quanh diém lam viéc dén cac mo hinh phi tuyén
dua trén cac dinh luat vat Iy co ban [5]. Trong
do, xu hudng gan day tip trung vao viéc mo ta
chi tiét dong lyc hoc dong khi, bao gém qua
trinh nen—glan ton thit qua van va anh huéng
ctia cac phan tr trung gian nhu bo tich ap [6],
[7]. Mac du cac mo hinh nay cai thién dang
ké do chinh xéc, ching vAn con han ché trong
viéc phan anh day du su ghép ndi dong glua
khéi van diéu khlen dong mdi chit va chuyén
dong cua co cau co khi trong cac diéu kién van
hanh bién thién nhanh. Sy chuyén trang thai roi
rac cta cdc van dién tir din dén bién thién lién
tuc clia 4p suét va luu luong trong cic khoang
lam viéc, tir do chi phéi truce tiép luc tac dong
1én piston [8], [9]. Do vay, viéc xay dung mot
md hinh c6 kha ndng mo ta dong thoi cac hign
tugng dong chay, b1en dbi 4p suat va dap tmg
co hoc ctia hé 1a yéu t6 then chdt dé nang cao
do tin cdy ctia phén tich va thiét ké diéu khién.

2.MO HINH CO CAU CHAPHANH SOBEN
2.1. Nguyén ly hoat dong

Trong co cdu chap hanh cua hé thong

treo khi nén ciia hing Soben dugc thé hién
trong hinh 1(a), dong khi nén duoc dan tir
nguén cung cap qua cac duong ong dén khoi
van diéu khién va bo tich ap trude khi di vao
xi lanh. Khi hé thong nhan tin hiéu diéu khién,
van dién tir nap mo ra, cho phép khi nén di vao
mot khoang cua xi lanh, lam tang ap suét trong
khoang nay. Ap sut chénh léch giita hai phia
piston tao ra lyc déy, khién piston va ty piston
dich chuyén theo mot hudng xac dinh. Pong
thoi, bo tich ap gitp 6n dinh ap suat va giam
dao dong dong khi, dam bao qua trinh truyén
ning luong dién ra lién tuc va ém diu.

-

Hinh 1. M6 hinh co cau chdp hanh trén hé thong
treo khi nén ciia Soben

Khi yéu cau chuyén dong thay doi, hé
théng diéu khién dao trang thai cac van dién tu.
Luc nay, dong khi nén s& duoc dan vao budng
con lai cua xi lanh, trong khi budng trude do
duoc ndi voi duong xa dé giam ap. Nho su ludn
phién cap va xa khi gitta hai phia cua piston,
gitip diéu chinh vi tri, tdc do va lyc cua co cdu
chap hanh, dam bao hé thong lam viéc hiéu qua
va dap tng véi tin hiéu diéu khién.

2.2. Phuong trinh dng Ire hoc giam chin
Luc tac dung cua xi lanh khi nén 1én h¢
co hoc hay con goi 1a luc do co cau chap hanh

khi nén sinh ra, tai hinh 1(b), duoc xac dinh boi
chénh 1éch 4p suét hai budng:
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Frn = (B~ P) A4,

actuator

—(B=-P)4 (D

Trong do, Pl’ P laap suét hai buéng, P,
1a 4p suat khi quyén, con Al, A la dién‘tich lam
viéc hiéu dung cua hai budng. Do c6 can piston
nén hai dién tich nay khac nhau:

-D; D;
Al ( cylmd;r rod) , 2 cylinder (2)

Vi DCylm dor 0,0826 (m) la duong kinh
trong cua Xl lanh va D_,= 0,035 (m) la duong
kinh cua can piston. Ta1 vi tri piston danh dinh

omina — 0,035 (m) vaH - = 0,1 (m) Ia hanh
trinh xi lanh, thé tich ban dau cta hai budng

duoc xac dinh nhu sau:

VlO = Alh I/20 4 (H stroke hnominal) (3)

nominal

Khi piston dich chuyén mot doan z véi
van toc z, thé tich hai budng thay doi theo va
toc dd bién thién thé tich la:

V.=V, +4 T = A2
10 Z Vl Az ' (4)
VZO AZZ Vz = _AZZ

Vi V,, = 0,000745 (m*) va V,,
0,001971 (m?) la thé tich cua binh tich ap 1 va
2. Tir diéu kién can bang lyuc tinh cua piston, ap
suat ban dau trong budng 1 dugc xac dinh nhu
sau:

(f)ZO initial ~ Rz )AZ - msg
Plo_inm'al = - +F, )
Al
V6iP, . . 1aap sudt ban dau tai buong

2 (Pa), m_= 0 (kg), g = 9,81(m/s?) la gia tdc
trong trudng. Ap suat ban dau cua céc binh tich
ap duoc gia thiét bang ap sudt ban dau cua cac
budng tuong ung, tic 1a P o= P iiar Paro™

20 initial®

Dién tich 15 tiét luu cuc dai cia van
dign tr A,  dugc xac dinh theo d .. = 0,01
(m) la du:ong kinh 156 va dién tich mo thuc té
A, A, phu thudc vao tin hi¢u diéu khién u,

01°
€ [0, 1] duoc biéu dién boi:

ﬂ-djriﬁce = {AOI = uleimax (6)

AO max =
- 4 Ay = u2A07max

Dua trén phuong trinh trang thai khi ly
tudng va dinh luat bdo toan khdi luong, dao
ham &p sut trong mdi budng thong quay = 1,4
1a ti s6 nhiét dung riéng, R = 287 (J/kgK) 1a
hang s6 khi va T, =300 (K) la nhiét do ban dau
cua khong khi, dugc xéc dinh boi:

y-1

p= YR, A 7,1'1_7_P1V

71
p=r RT, ) ’ . — re v

Sau d6, ap suat trong cac binh tich ap
thay doi nguoc dau véi luu luong di vao buong

(7

xi lanh:
71
. V4
2, =[—y R%J[iJ (i),
Kﬂ })010 8
y ®)
. V4
b, =[7 RT}V—} (1)
I/aZ PaZO

Luu luong khdi qua van duge xac dinh
trén co s& huong dong chay, suy ra tr chénh
léch ap suét glua buong xi lanh va binh tich
ap. Khi ap suit budng xi lanh 16n hon ap suat
binh tich ap, khi chay tir xi lanh sang binh tich
ap; nguoc lai, khi chay tir binh tich &p vao xi
lanh. Do d6, céc dai lugng trang thai dung
trong cong thirc luu luong luén duoc lay tai

phia thuong luu, véi i = 1,2 twong ung cho hai &~
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budng. Sau khi xac dinh chiéu dong chay, ty s6

. ) P :
ap suat duoc tinh dudi dang b=—4 Néu b

up

> 0,528, dong khi dugc xem 1a dong chay dudi
am, nguoc lai, néu b < 0,528 dong khi dat trang
thai chay t61 han hay chay siéu am tai co tiét luu.

Coi C,=0,7 1 hé sb luu lugng, direction
= 1 twong ing voi dong khi di ra khai xi lanh khi
P, > P_, trong khi direction = —1 twong Gng véi
dong khi di vao xi lanh khi P, < P, , luu luong
khéi qua van duoc xac dinh theo b1eu thirc:

r+l
7

RT

up

m = direction - C, 4,y (b)

)

3. PANH GIA PAC TiNH CO CAU CHAP
HANH

3.1. Anh hwéng ciia tin sb kich thich

Trong phan nay, bién dang dich chuyén
cua piston dugc chon la dang song sinx =0.01
sin(2xft) voi tin hiéu diéu khién d6 mé van u,
=u,=05va P20 i = 300000 (Pa) la ap suat
ban dau tai budng 2, bién do chuyén vi van glu’
nguyén ¢ 10 mm, nén d) rong theo truc chuyen

vi gan nhu khong doi.

Ea ninh iz ik Ly - Dhuyin o

L il Pl (W)

/=
/ x -:.. :y/
\ -

Hinh 2. Luc giam chén-dich chuyén khi chiu tan sé
kich thich khac nhau

O Hinh 2, van toc lai tang theo tan sb,
nén khi f cang 16n thi piston chuyén dong cang

nhanh. Diéu nay lam luc chip hanh tang 1én
16 rét, thé hién qua viéc Vong lyc—van toc mo
rong dan khi tan sb tang. 0 0,5 Hz, duong dac
tinh con hep, luc bién thién nho va hé lam viéc
tuong d6i ém. Khi ting 1én 1 Hz, 1,5 Hz va dic
biét 2 Hz, luc cuc dai ting, vong tré 16n hon va
duong dic tinh bat ddu méo hon, cho thiy anh
huong cta hiéu ung tiét luu va tinh nén duoc
cua khi tr¢ nén rd hon.

3.2. Anh huéng ciia @9 mé van

Khi giir ¢6 dinh tai f=1Hz va P,
= 300000 va thay doi cap do mé van. Vi cac
truong hop: u, = 0,3 vau, =0,7,u, = 0,5 va u,
=0,5,u,=0,7 vau, = 0,3, cac duong dac tinh
van gilr dang vong tré kin, nhung do réng vong
va bién do lyc khong hoan toan gidng nhau.
Do bién do kich thich van giit nguyén, mién
chuyén vi hau nhu khong doi.

Ea nirh Sic Eeb L - Chuyin s

e i P ()

E"-v;l'r -
Hinh 3. Luc giam chan-dich chuyén khi thay doi
do mo van khac nhau

Trén mit phang luc — van tdc, khi thay
doi u, va u, trong truong hopu, =0 vau,
1,0 tal H1nh 3 khac han ba trUfO’ng hop con la1
Puong dic tinh mo rat 16n va xuat hién méo
dang rd rét cho thdy cho thiy sy mat can bang
tiét luu lam ddc tinh hé trd nén phi tuyén va
cung hon ro rét.

3.3. Anh huwéng ciia ap suit ban dau

Khi gitt u, =u,= 0,5 va f = 1 Hz, tang
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P i t0F 100000 Pa 1én 400000 Pa‘lém duong
dac tinh lyc — chuyén vi mo¢ rong dan. Bién do
chuyén vi gan nhu khong ddi, nhung lyc sinh ra
tang theo ap suat ban dau. O 100000 Pa, dudng
cong hep hon va lyc nho hon. Khi ting 4p suat
con lai, lyc ting dan, cho thay co cau chdp hanh
lam viéc cimg hon trong ciing mién chuyén vi.

B nirh Sz Bk L - Chayin |

e i Py )

Hinh 4. Luc giam chan-dich chuyén khi thay déi
dp sudt khéc nhau

O Hinh 4 tan sb kich thich khong d6i
nén mién véan téc hau nhu khong thay doi nhidu
gitra cac truong hop. Tuy nhién, khi P, . .
tang thi lyc tai cung mot van toc cling tang Ién.
Diéu d6 cho thiy ap suit ban dau ting 1am kha
nang sinh lyc va muec ti€u tan nang lugng cua
co cdu tang theo.

4. KET LUAN

M0 hinh toan hoc trong nghién ctru nay
dugc phét trién dd mo ta hiéu qua dac tinh phi
tuyén ctia co cau chap hanh khi nén, bao gdm
dong luc hoc dong khi qua van dién tir va tuong
tac co—khi trong cum piston—xi lanh. Két qua
md phong cho thay tan s6 kich thich anh huong
dang ké dén kha ning bam theo tin hiéu diéu
khién va dai tn 1am viéc on dinh cua piston.
Dong thoi, 3 mé van quyét dinh lyu lugng khi
va tbc do dap tng cua hé thong, trong khi ap
suat ban dau chi phdi lyc dau ra va do cung
dong hoc cua co ciu chdp hanh.

Céc két qua dat duoc khong chi khang

dinh tinh hop 1y ctia mo hinh d& xuat ma con
xéc 1ap co so khoa hoc viing chic cho bai toan
t6i wu tham sd va thiét ké bo diéu khién trong
diéu kién thyuc té, huéng dén cai thién chat
luong lam viéc va do bén cta hé théng treo khi
nén trén 0 td con. %
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