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Active suspension systems have become commonplace in the world of
trucking manufacture, with electro-hydraulic actuators emerging as a
favored choice due to their remarkable capacity for high-force
generation and rapid response times. This paper introduces a design
schematic for an electro-hydraulic actuator, employing solenoid valves
to enhance the active suspension system in trucks. Precise
mathematical equations are developed, utilizing current intensity as an
input parameter and actuator force as the resultant output, facilitating a
thorough characterization of the actuator's behavior. The study delves
into the emulation and evaluation of the actuator's performance while
taking into account the inherent uncertainty stemming from structural
parameters within the system. According to the study's findings, the
uncertainty of structural parameters have the changable from 80% up to
120%, significantly impacts the characteristics and operating abilities
of the actuators of the active suspension system in automobiles. It is
also a premise for researching and controlling, as well as the
improvement of heavy-duty vehicle active suspension systems.
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TU KHOA

Co c4u chap hanh dién-thay lyc
Van dién tur

Thong s6 khong chac chan

Hé thdng treo chii dong

O t6 tai

Hé thong treo chu dong dang ¢6 xu hudng st dung nhiéu trén 6 to tai.
Trong d6, co cdu chap hanh dang dién thay hre dwoc st dung rong rai
boi luc sinh ra 16n, thoi gian tic dong nhanh. Bai bao nay trinh bay so
dd nguyén 1y ctia co ciu chip hanh dang dién thay lyc sir dung van dién
tir cho hé théng treo chu dong trén 6 t6 tai. Cac phwong trinh toan hoc
dugc thiét 1ap dé mo ta chinh xac dic tinh ciia co cau chap hanh véi dau
vao la cuong d§ dong dién, dau ra 1a luc cua co cu Chép hanh. Pac tinh
ctia Co cau chap hanh dugc mo phong va dénh gi dya trén tinh khong
chic chin boi mot s6 thong sé két cau cua hé thong tir 80% Ién dén
120%. Két qua nghién ctru trén mién thoi gian va mién tan sb 1a tién dé
cho viéc nghién ctru, didu khién, hoan thién hé thong treo chi dong trén
phuong tién giao thong c6 tai trong Ion.
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1. Gioi thigu

Xe tai va xe hang nang thuong xuyén chiu tai trong l6n va di chuyén qua cac loai dia hinh kho
khin, do vay doi hoi hé théng treo & muc d6 cao dé co kha nang giam thiéu cac nguy co gay mat
an toan cho phuong tién va nguoi lai bén canh viéc dam bao sy on dinh cua hang hoa chuyén chd
trén xe. Hién nay hau hét cac 6 t6 tai déu sir dung hé thong treo bi dong bao gom phan tir dan hoi
(nhip, 16 x0, balon khi) va giam chan. Cac hé théng treo bi dong théng thudong thudng chua mang
lai hiéu suét tot nhat trong cac diéu kién chuyén dong da dang. Do vay hé thong treo chu dong da
va dang duoc ap dung trén 6 t6 tai. Hé thong treo chi dong tich hop cac bd diéu khién dién tu,
cam bién va bd co cau chap hanh dé chu dong thich tng véi cac ché do chuyén dong thay dbi va
t61 wu hoa dic tinh cua xe véi moi diéu kién khai thac [1].

Céc hé thong treo chu dong giai quyét cac yéu cau nay bang cach két hop cac cong nghé tién
tién, chi dong phan ng véi cac luc bén ngoai, mang lai hi¢u Suzit vuot troi so véi cac hé thong
treo thu dong [2], [3]. Bang cach tu dong diéu chinh cac théng sé cua hé thdng treo, chang han
nhu d cung 16 xo0, d6 can giam Chan va chiéu cao hanh trinh, cac hé thong nay cai thién bién do
dao dong va céac ddc tinh yéu cau vé d6 ém dju va an toan chuyen dong [4]-[6]. Cac nguyén tic
thiét ké va co ché hoat dong cua hé thong treo chu dong, 1am ndi bat kha ning giam dao dong
than xe, goc lic ngang - doc xe va do dich chuyén theo phuong thang ding cua chung [7]-[9].
Viéc trién khai thiét ké cac bo didu khién dién tir va cac thuat toan didu khién phuc tap (diéu
khién tbi wu, didu khién bén viing,...) cho phép diéu chinh thoi gian thuc dé tdi wu hoa cac yéu
ciu dic tinh hé thong. Cac cong nghé cho co cau chip hanh khac nhau ciing duoc sir dung trong
céc hé thdng treo chu dong danh cho xe tai va xe hang niang, bao gém co cau Chép hanh thuy hyc,
khi nén va co dién [10]-[12], cac hé thong Chong 4t [5], [12]. Ngoai ra, cac wu diém, han ché va
dic tinh hiéu suat cua tung loai co cau chap hanh ciing duoc thao luan, 1am sang t6 sy phu hop
cua chung ddi véi cac diéu kién van hanh khac nhau.

Mic du c6 nhitng loi ich dang ké, nhung hé théng treo chi dong dé bi anh huong bai su
khong chic chin vé thong sb, dic biét 1a cac thong sb két ciu, didu nay c6 thé anh hudng xau dén
hiéu suét cua ching [9], [13]. Nhiing thach thirc phat sinh tir sy khong chic chan cua cac thong
s6 hé thong treo, chang han nhu su thay d6i Vé tai trong cua xe, diéu kién dudng x4 va do hao
mon cta cac bo phan. Mot sb nghién ciru da hudng dén cac phuong phap mé hinh hoa va quén ly
do khong chac chin cua tham so, bao gom udc tinh phan b6 khdi lwong, do cimg va hé s6 giam
chan [14]- [17]. Bang cach giai quyét hidu qua cac thong sd khong chac chin, do tin cay va do
bén cua hé thong treo chu dong trén xe tai va xe hang nang c6 thé duoc nang cao. Tuy nhién, viéc
xem xét cu thé dén cac dic tinh khong chic chan cua thong sé hé théng co cau chip hanh van con
bi giGi han va chua c6 nhiéu nghién ctru sau sic Vé bai toan phic tap nay.

Bai bdo nay nghién ctru toan dién cac dic tinh cua co cau chap hanh loai dién-thay luc c¢6 van
dién tir trong hé thong treo chu dong véi ddi tugng 1a xe tai. Bang cach phan tich kha ning lam
viéc cuiia bo co cau chap hanh dién-thay luc duoc sir dung trong hé thong treo chii dong, va nhitng
thach thic do sy khong chac chén cia cac thong sd dit ra, nghién ctru ndy gop phan thuc day viéc
cai thién sy thoai mai, kha ning xur Iy va do 6n dinh cho phwong tién xe tai. Nghién ciru ndy ¢ y
nghia hét sirc quan trong trong viéc xay dung mé hinh hé thng treo chii dong va téi uu hoa hiéu
suit cua hé théng treo chii dong nham cai thién cac yéu cau phuc tap vé d6 ém diu va do an toan
chuyén dong ciing nhu do 6n dinh hang hoa cta xe tai cling nhu tinh bén viing cua hé théng.

Bai bao duoc trinh bay v6i bd cuc 4 phan nhu sau: phan 2 trinh bay nguyén 1y hoat dong cua
co cau chap hanh dién-thuy luc két hop van dién tir; mo hinh héa phuong trinh toan hoc cho co
ciu chip hanh dud6i dang phi tuyén va tuyén tinh hoa; cac dic tinh khong chéc chin cua thong sb
trong hé théng didu khién. Phan 3 trinh bay cac két qua mé phong va danh gia trén ca mién thoi
gian va mién tan sb. Phan két luan cia bai bao dugc trinh bay tai muc 4.
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2. Phuwong phap nghién ciu
2.1. Nguyén Iy hoat dong co cdu chip hanh

Co cau chap hanh sir dung trong h¢ thong treo chu dong ciia 6 to tai thuong la dang thiy luc
diéu khién bang dién, hé théng truyen dong tong quat dwoc mo ta nhu Hinh 1. Pay 1a mot trong
nhiig h¢ thdng truyén dong phd bién va quan trong nhat trong linh lyc cong nghiép, boi 6 cac
vu diém vuot troi bao gom: cong suat Ion, hiéu Suit cao, dap ung nhanh va do bén tét. Pham vi
ng dung dbi voi dang truyén dong nay rat da dang nhu: cac hé thong san xuat, may thir vat liéu,
cac hé thong trén phuong tién giao théng, may khai thac mo, may thir nghiém moi, k§ thuat hang
khong, k¥ thuat hang hai va ngay ca ré bot. Hé thong truyén dong dién thay lyc bao gom cac
phan tir chinh nhu sau: bo phan diéu khién, van dién tir, xylanh thuy luc, bo chuyén doi phan hoi
vi tri, ngudn cung cap dong dau ap suat Cao.

X+

2| N [ ]4
] Cip "g ' P =y
||| ||| Ps L i - ]— \P=P1-P2
I l 1 ! '1 : - - QL
T ot i i | i bl oy r
<—>| = o ~ PN
I IYjeds elnivén pisten tj
Hinh 1. So do cdu triic hé thong truyén déng dién thuy lyc Hinh 2. So' d6 cdu tao cia van dién tir
[12] bon nga

Nguyén Iy 1am viéc co ban cua hé thong truyén dong dién thuy luc 1a khi hé théng nhén tin hiéu
diéu khién tir may tinh, s& 1am cho van dién tir thay doi duong truyén dong dau ap suat cao dén hai
khoang cuia xylanh thay luc, tir d6 tao ra luc tac dong 1én déi twong. Viéc thiét ké diéu khién phu
thudc rat nhiéu vao cac cam bién, ciing nhu kha ning hoat dong chinh xac cuia van dién tir. O trang
thai khong hoat dong, dong dau s& dugc tu do luu thong qua van dién tur nén ap sudt ¢ hai bén
piston cua xylanh thuy lyc la nhu nhau va bang 4 ap suét khi quyén, do vay viéc b tri hé thong nay
khéng anh huéng dén kha niang lam viéc ciia cac dbi twong khi & trang thai khong diéu khién.

2.2. M6 hinh co cdu chdp hanh
2.2.1. M6 hinh hoa van dién tir

Van dién tir dung dé didu khién dong dau cung cap dén xylanh thiy luc cua hé thong treo chu
dong 1a loai bén ngd duoc mé ta trong Hinh 2. Dich chuyén cua van truot X, duoc diéu chinh
thong qua cuong do dong dién u. Anh huong caa do tré va luc dong chay 1én van truot duoc bo
qua & ddy, do vay hoat dong cua van dién tir duoc xap i hoa bing mot mé hinh tuyén tinh bac
nhét nhu sau:

ax, 1 K,
™ + . X, . u=0 (1)

V6i 7 va K, 1a cac thong s dic trung cho thoi gian va mo hinh van dién tir.

So db huéng cua dong dau chay trong van dién tir bon ngd duoc thé hién trong Hinh 3. Bbn 16
trén van dién tir duoc b tri dbi ximg hoan toan, tai mdi 15 van cac mii tén chi ra huéng cua cac
dong dau & cac ché do khac nhau. Bo qua do nén cua dau, do d6 phuong trinh luu lugng dong
dau chay qua xylanh thay lec dugc x4c dinh nhu sau:

Q=0-Q=%-Q 2)
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Trong d6: Q. 1a luu lugng dong dau qua xylanh thiy luc va Q; (i=1,4) luu lugng dong dau qua
cac 16 van tuong (ng.
Ap suat chénh 1éch bén trong xylanh thuy lyc dugc xac dinh la:
AP=PR,-P, 3)
Luu luong cac dong dau chay qua cac 16 van duoc xac dinh nhu sau:

_ f% _
Q =CiA p(Ps R)
Q, :CdAzqég(Ps _Pz)
P (4)

2
Q3:CdA3 _Pz

P

2
Q, =C,A,,|[—PR

2,

Trong do: p 1a mat do khdi chét long, A; 1a dién tich céc 16 van va Cq 12 hé s phong dién. Céc
dién tich 176 van (Ar234) phu thudc vao hinh dang cia van va ching dugc xac dinh 1a ham cua
dich chuyén van truot X, nhu sau:

A=A(X,)
A, = A(-X,)
A =A(X,) ®)
A = A(-X,)

Can luu y répg, cac 16 van thuong ddi xtng nhau nén: Ai(Xy) = Ax(-Xy), As(Xy) = Ag(-X,). Do
vay, cac dong dau chay qua van trong Hinh 3 cling d6i xing va dugc xac dinh theo cong thuc (6):

{Ql i QS (6)

Q,=Q,

Tir phuong trinh (4) va (6), dong dau ap suét cao cung cap dén hé thong co ap suét 1a:
P=R+P, )

Ap suat dau bén trong hai khoang ctia xylanh thily luc dwoc xac dinh tir cac phuong trinh (3)
va (7) nhu sau:
P +4P P —AP
== P == 2 (8)
Tir phuong trinh (2), (4), (6) va (8), luu lwong dong dau qua xylanh thiy luc (Q,) dugc xéc
dinh la:

Q =CiA[=(R - 4P)-C,A, [*(P +4P) )
P P

O A T —‘_.-p p--m)_
Mo - g M
Co clin ILr— = Xo
Ps Pi chiip hanh P2 '?:L‘I:_ "
g ) | I v

4 73 O Q
Q44 ¥ Q3
Qs P
v * Ciip Héi
Hinh 3. So' do6 dong dau qua van dién tir Hinh 4. So d6 xylanh thay luc
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Phuong trinh dai s phi tuyén (9) c6 thé duoc tuyén tinh héa nhu dudi dang:
Q =K X, -K,4P (10)
Trong do: Ky 1a hé sérdéc trung cho muc tang luu lugng van hay dugc goi la h¢ s6 khuéch dai cua
van dién tr va Kp 1a hé s6 ap suat dong dau. Hé s6 nay duoc xac dinh trong phuong trinh (11):
PRV}
oX, o4AP
Trong phuong trinh (10), luu luong dong dau qua co cau chap hanh bao gdm hai phan chinh

1a: phan thir nhat Q. =KX, 1a luu luong tai 16 van thong qua dich chuyén cua van truot X,. Phan
thir hai Q,=KpAP 14 10 ri do dong dau qua bé mat tiép xtic gitra dng van va than van truot.

2.2.2. M6 hinh hoa xylanh thuy lyc

Hinh 4 minh hoa so d co cau chap hanh gém xylanh thiy luc két hop véi van dién tir. Van
trugt dugc diéu khién bai dong dién va c6 dich chuyén X,. Dong dau cao ap P ludn duoc luwu trit
bén ngoai van dién tir, théng qua dich chuyén cua van truot dong dau ap suit cao dugc phan
thanh hai nhanh di téi hai khoang ciia xylanh thuy luc. Do chénh 1éch ap suat AP=P;-P, giita hai
khoang tao ra luc cua xylanh thay luc F,. dugce xac dinh bai:

Fo =AA4P (12)

Trong d6: Ap 1a dién tich cuia piston bén trong xylanh. Cac phuong trinh cin bang luu lugng
dong dau cho mdi khoang cua xylanh thuy luc duoc viét nhu sau:

(11)

dv, V, dP,
B RN
(13)
av, V dr,
dt ﬂ dt ip(Pl_PZ)_CepPZ_QZ

Thé tich trong moi khoang thay doi theo do dich Chuyen piston y, nhu sau:
V1 _V01 + Ap Ya
Vo =V — Ap Ya
‘Trong d6: Voy va Vi 1 cac thé tich ban dau trong mdi khoang. Gia sir ring Vo;=V,=V,, téng
thé tich dau trong co cau chap hanh dugc xac dinh trong cong thic (15).
Vt =V, +V, =V01 +V02 = 2Vo (15)
Do d6, phuong trinh can bang luu lugng dau trong mdi khoang duoc tinh nhu sau:

dy, Vo+Ay, dR
APE ,Be d_ Ql |p( PZ)_Ceppl

(14)

(16)

dy, V,—Ay, dP
_Apd_i+()ﬂid_,{zzcip(a_ljz)_ceppz_Qz

Trir cac vé ciia phuong trinh (16), luu lugng dong dau duge xac dinh 1a:
dya V, d4P
"o B dt
Trong d6, C,p=2Cj, + Cgp la tong hé s6 ro ri cua xylanh thuy lyc.

Tir phuong trinh (10) dén (17), phuong trinh dong luc hoc cua xylanh thiy lye duoc xac dinh
nhu sau:

2Q, =Q,+Q, =2C, 4P+ 2A,

(17)

V, d4P dy
L —— (K, +C,)4P-K, X —2_0
o a eGP A a9

Trong d6, Y 1a sy dich chuyén ciia piston bén trong xylanh thay lyc.
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Tir céc phuong trinh (1), (12) va (18) phuong trinh dong luc hoc ciia co cau chap hanh dang
dién thuy lye dugc xéac dinh trong phuong trinh (19). O day tin hiu dau vao la cuong d6 dong
dién u va tin hi¢u dau ra 1a lyc F,y. Céc ky hiéu va tham s6 cua mo hinh duoc thé hién trong
Bang 1.

Fo = AcAP
V, daP dy
—+(Kp +C, JAP-K X, + A, =2 =0 19
4p, dt (Ko +Cy) e (19)
dXx
—_— +1XV— K, u=0
da T
Bang 1. Théng s6 mé hinh co cau chdp hanh
hI-(Al Théng sb Gia tri Pon vi I.El Théng s6 Gia tri Dol’n
iéu hiéu Vi
Dién tich cua Tong the tich dau
A,  piston trong  0,0123 m? V, trong co cau chap  0,0014 m?®
xylanh thuy luc hanh
Hé s& khuéch dai 2 - s N/m’
Ky i van dién b 2,5 m’/s B Modul cia diu 6,89x10
A £ 5 Hé sé dic trung theo
Kp H\e SO dp  suat 42x10™ m / Ns T  thoi gian coa van 0,01 s
dong dau R
i ) dién tur
C Tong he 6 ro ri Hé sé dic trung cua
o T$§ xylanh thuy 0 - K, mo hinh van dién ti 0,0243 m/A
2.2.3. Xay dung phuong trinh khong gian trang thdi
Phuong trinh (19) dugc bién d6i dudi dang khong gian trang thai tong quéat nhu sau:
X = AX +BU (20)
Y =CX+DU

trong d6, véc to trang thai: X =[X, A,]"; tin hiéu dau ra: v =[X, X, A A Fact]T ; tin
hiéu dau vao: U =[u ya]T .

Tt (20) cac ma tran cua phuong trinh khong gian trang thai dugc xac dinh nhu sau:
-1 K

0 — 0
A= g ; B= ’ ;
4. K, 4B, (K.+Cp) 0 -4B.A,
V, V, V,
M1 0 T [0 0 |
— K
-1 0 — 0
T T
c=| O 1 D=| 0 0
4ap K, —4p.(K.+C,) o A
V, V, |
|0 A | Lo 0
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2.3. Tinh khéng chdc chdn ciia thong s6 mé hinh

Trong cac hé thong diéu khién, do khong dam bao cua tham sb dé cap dén thuc té 1a gi tri cua
céc tham s trong mo hinh hé thdng khong dugc biét mot cach chinh xac. Piéu nay c6 thé 1a do
mot s yéu t6, chang han nhu dung sai san xuat, diéu kién moi trudng va 140 hoa sau qua trinh
lam viéc. Su khong chic chin cua théng sb co thé dan dén mot sé van dé trong hé thong diéu
khién, chang han nhu giam hiéu suat, khéng 6n dinh va giam do bén. Do vay viéc xem xét dén
céc dic tinh cua thong sé khong chac chan trong thong sb két ciu trong cac hé thong diéu khién,
co cau chip hanh 1a viéc 1am can thiét boi s& cai thién hiéu suat, ting do on dinh, ting cudong do
bén, giam thoi gian thiét ké, tang tinh linh hoat va cai thién do an toan.

Bang cach thiét ké mot bo diéu khién manh mé dbi véi sy khong chic chan cia tham sd, hé
théng 6 thé dat duoc cdc muc tiéu hiéu suit mong mudn ngay ca khi cac tham sb khong duoc
biét chinh xac. Diéu nay 1a do b didu khién s& c6 thé bu dip cho sy khong chic chin trong cac
tham s6 va ¢am bao rang hé théng van 6n dinh va dap Gng.

Bang cach thiét ké mot bo didu khién co thé bu cho d6 khong chic chan cua tham sb, hé théng
¢6 thé tré nén 6n dinh hon va it c6 kha ning tré nén mit 6n dinh. Didu nay 1a do bd diéu khién s&
c6 thé gitr hé thdng trong mot ving cua khong gian trang thai noi n6 6n dinh, ngay ca khi cac
tham sé thay doi.

Tang cudng do bén 1a mét loi ich quan trong khac cua viéc xem xét do khong dam bao cua
tham s6. Bang cach thiét k& mot b diéu khién it nhay cam hon vé6i nhidu loan, hé thng co thé
tré nén bén viing hon truéc nhitng thay doi trong méi truong hodc nhiéu loan. Piéu nay 1a do bo
diéu khién s& c6 thé loai bo cac nhidu loan va giit cho hé théng di ding hudng.

Ngoai nhitng loi ich nay, viéc xem xét d6 khong chéc chin cua thong sb ciing c6 thé dan dén
mot s6 loi ich khéc, chang han nhu giam thoi gian thiét ké, tang tinh linh hoat va cai thién do an
toan. Tang tinh linh hoat ¢ thé dat duoc bang cach thiét ké mot bo diéu khién co thé thich tng
v6i nhitng thay doi trong cac tham sb cua hé thong. Piéu nay co thé 1am cho hé théng thich nghi
hon véi cac diéu kién thay dbi. An toan dugc cai thién c6 thé dat duoc bang cach thiét ké bo diéu
khién manh mé ddi véi su khong chac chan cua tham s. Diéu nay c6 thé 1am cho hé thong an
toan hon va it c6 kha nang gay ra tai nan hon.

3. Két qua mé phéng trén mién thoi gian va tin so

Dé khao sat sy lam viéc cua co cau chap hanh, cic tac gia mo phong su lam viéc cua co cau
chap hanh trén ca mién thoi gian va mién tan sb. Trong phan nay, dic tinh cia thong sé két cau
khéng chic chin duoc biéu dién tai Bang 2. Cac gia trj cin trén, gia tri can dudi cia cac thong sb
md hinh dugce xac dinh bé“lng tilé phén tram do khong on dinh caa thong s6 mo hinh danh nghia
tir Bang 1. Két qua mo phong ctia mé hinh danh nghia duoc thé hién bang duong nét dut mau do,
trong khi dé, cac két qua mo phong ciia mé hinh thong sé két cau khong chic chin duoc biéu
din bang dwong xanh 14 nét lién.

Bang 2. Thong sé khéng chdc chdn mé hinh co cdu chap hanh

Ki higu A K, Kp Co V, B, T K,
D) khong chic chan (%) 112 80 80 0 80 80 80 80
Gia tri can trén 0,0116 3,125 525x10™ 0 0,018 8612500 0,125  0,0303
Gia tri can dudi 0,008 1,875 3,15x10™ 0 0,001 5167500 0,0075 0,0182

3.1. Két qud mé phéng ciia co cdu chip hanh trén mién tan sé

Dé khao sat hiéu qua hoat dong ciia co cAu chap hanh trén mién tan sd, cac tac gia khao sat
V6i tin hiéu dau vao la cuong do dong dién u va tan s6 gidi han khao sat la 10°(rad /s). Hinh 5
thé hién ham truyén tir tin hiéu dau vao u dén dich chuyén van trugt X, (a), van téc dich chuyén
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van trugt X, (b), chénh 1&ch ap suit A, (c), dao ham chénh léch 4p suat A, (d), luc sinh ra béi co
cau chap hanh F, (e). Chiing ta thay rang V6i tin hiéu dong dién u do bo diéu khién giri dén co cau
chap hanh thi dap {rng cua cac thong sé co cau chap hanh phan ung rat nhay cam khi u thay doi.
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Hinh 5. Ham truyen tir U dén dich chuyén van truot X, /u (a), van toc dich chuyén van trucot Xv/u (b),
chénh léch ap sudt Ay /U (c), dao ham chénh léch dp sudt A, /u (d), luc sinh rabéi co cdu chdp hanh
Fot/U (€)

3.2. Két qud trén mién thoi gian ciia co cdu chip hanh

Dé khao st sy hoat dong cua co cau chap hanh trén mién thoi gian, cac tac gia di lya chon tin
hiéu dau vao u dugc gia st c6 bién do 1a dang bac thang. Tin hiéu diéu khién u c6 gia trj theo ciu
trac on-off v6i vong lap cac gi tri lién tuc theo véc to [3 12 4 1] (mA). Hinh 6 thé hién dap tng
clia cc thong sb theo thoi gian, cac duong nét lién mau xanh 14 cdy 1a két qua mo phong cua mo
hinh danh nghia (v6i thong s6 dugc néu trong Bang 1). Trong khi d6, cac duong nét dit mau do
VoI ky tu “*7 va nét lién manh mau vang voi ky tu “+” hién thi cac tin hiéu cho md hinh khi
thong s6 thay ddi tai can dudi va cén trén so v6i mo hinh danh nghia (v6i thong s6 dugc néu
trong Bang 2). Khi dong dién u c6 gia tri 1on nhat 1a 4 (mA) thi lyc sinh ra béi co cau chap hanh
dat dugc gid tri cyc dai la 170 (kN) phu hop véi két qua nghién cuu tai [18], [19]. Tai thoi diém
cac thong so6 cua mé hinh dat ngudng khong chac chin & muc toi han (can trén va can dudi), do
chénh 1éch 4p suat I6n nhat 1a xap xi 10,3MPa va nhé nhat 1 5,18MPa cho hai truong hgp (Hinh
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6e). Hinh 6f) trinh bay ham truyén theo thoi gian cua tin hiéu véan téq van trugt trong co cAu van
dién tur khi dong dién u thay doi, van toc khi thong so6 khong chac chan cuia cac tin hiéu trinh bay
tai Bang 2 1a 7,26mm/s.

4 210

3.5

Time [s] Time [s] Time [s]
(d) (€ ®
Hinh 6. Pdp ing thoi gian cua luc sinh ra béi co cdu chap hanh F., (b), chénh léch dp sudt Ap (¢), dao

act
ham do chénh léch dp suat Ap (d), dich chuyén ciia van trwot X, (€), vdn toc dich chuyén van truot X,
(f) voi tin hiéu kich thich dong dién U (a)

Két qua md phong trén mién thoi gian va mién tan sé da thé hién rd dic tinh ctia co ciu chap
hanh khi c6 xem xét dén d6 khong chic chan cua cac thong s6 két cau. Két qua nghién ctru chi ra
rang, su khong chic chin cua cac thong s6 két cdu c6 anh huong 16n dén dic tinh va kha niang
lam viéc cuia co cu chap hanh thudc hé thdng treo chu dong trén 6 to.

4. Két luan

Bai bao di trinh bay cac két qua nghién ctru trong viéc xdy dung mé hinh co cau chip hanh
loai dién - thuy luc cua hé thong treo chu dong trén 6 t6 tai. Khi cudong do dong dién u thay doi s&
1am cho luc sinh ra bai co cau chap hanh thay d6i nén tin hiéu diéu khién cuong d6 dong dién 1a
chinh xac va tdi wu dbi vé6i co cAu chap hanh cua hé thdng treo chu dong. Céc tac gia di so dd
hoa co cau chip hanh dang dién - thuy luc két hop van dién tir va xay dung duoc phuong trinh
toan hoc mé ta dic tinh ciia co ciu Chép hanh, sau d6 coi co cau chap hanh la mot hé thdng Vi
dau vao la cuong do dong dién u va tién hanh khao sat ddc tinh cua co cap chap hanh trén mién
thoi gian va mién tan sé voi cac thong so khong chac chan. Két qua nghién ctu chi ra rang, su
khong chic chin cta cac thong sb két cau c6 anh huong 16n dén dic tinh va kha ning lam viéc
clia co cau chap hanh thudc hé théng treo cha dong trén 6 6.

Hudng nghién ctiu tiép theo duge xac dinh 1a nghién ctru va hoan thién bo diéu khién cho co
cau chap hanh trén mé hinh khong gian toan xe 0 to tai V6i cic ham muyc tiéu nhu gia toc dich
chuyén than xe, gia tbc goc lic ngang than xe; xem xét dén sy ro ri dau, sw giam 4p cua dong dau
trong qua trinh hoat dong; két hop hé théng treo chu dong véi cac hé thong khac dé xay dung mot
md hinh hoan chinh va ting cuong kha ning dap tat dao dong trén 6 to tai.
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