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BAN CHU DONG SU DUNG GIAM CHAN TU' HOA MR
VA TREO BI DONG CHO MO HINH Y4 XE
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AND PASSIVE SUSPENTION SYSTEM FOR QUARTER VEHICLE MODEL
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TOM TAT

Tinh ém diu chuyén ddng cda xe 6 to phu thudc vao két cdu, dac diém, cudng
do kich dong va ca ky thuét diéu khién cda 1ai xe. Hé thdng treo dong mét vai trd
quan trong dé dam béo su thoai mai khi Idi xe va kha nang bam dutng. Ngay nay,
hé thdng treo ban chi dong véi hiéu suat lam viéc tot va chi phi san xudt khong
qua cao da dugc nhiéu nha san xudt xe hei dp dung rong rai va cho két qua clia thit
nghiém véi nhiéu uu diém so vdi hé thong treo bi ddng. Bai bdo nay trinh bay két
qué nghién ctiu, ting dung phan mém Matlab/Simulink @& md phdng, danh gia
dong luc hoc hé thong treo ban chl dong st dung giam chan dau tir truong. Két
qua cho thay cac thdng so dong luc hoc clia hé thong treo ban chli dong tot hon
50 véi treo bi dong.

Tir khoa: Hé thing treo bdn chii déng; gidm chdn ddu tir truong; ém diu; mé
hinh Bingham.

ABSTRACT

The ride comfort of a vehicle depends on the structure of suspention system,
characteristics, intensity of excitation and control technique. Suspension system plays
an important role in ensuring driving comfort and stability. Today, semi-active
suspension with good performance and low production cost has been widely adopted
by many car manufacturers and the results of testing have many advantages over the
system. This paper presents the results of research and application of Matlab / Simulink
software to simulate and evaluate semi-active suspension dynamics using magnetic oil
damping. The results show that the dynamic characteristics of the semi-active
suspension are better than that of the passive suspension.

Keywords: Semi-active suspension system; magnetic oil damping; ride
comfort; Bingham model.
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1.PAT VAN BE

Hé théng treo truyén théng trén 6 t6 dugc thiét ké dé
thoa hiép gilra cac tiéu chi co tich chat mau thuan nhau: Duy
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tri su ém diu, thoai mai cla hanh khach va ddm bao tinh
nang 6n dinh ctia xe khi di chuyén trong cac diéu kién khac
nhau. Hé théng treo tich cuc dam béo su ém diu, hé trg xe
va cung cap kha nang kiém soat chuyén déng cta xe bang
cach viéc lién tuc ghi nhan cac théng s6, xt ly théng tin va
diéu khién co cdu chap hanh dé thay déi hodc cung cap
thém nang lugng bé sung nhdm dam bao sy ém dju cla
phan khoi lugng dugc treo clia 6 t6. Nhiing nam gan day, hé
théng treo ban ch déng da dugc cac nha san xuat xe hoi
nghién ctiu ti miva ap dung phd bién, két qua kiém nghiém
thuc té cho thay hiéu qua lam viéc ctia hé théng treo ban
chl ddng 6n dinh va cho hiéu suat tt hon nhiéu so vdi hé
théng treo bi dong truyén théng.

Hé théng treo ban chi déng hoat dong trén co s thay
déi dd nhét dau thuy luc bén trong gidm chan va khéng bé
sung nang lugng cho hé théng treo, vi vay hé théng can
nang lugng dé hoat déng thap va it tdn kém chi phi hon so
vGi hé théng treo chi ddng hoan toan. Trong cac thanh té
clia hé thdng treo ban chi déng cé diéu khién, gidm chan tu
héa MR cé vai trd quan trong nhat vi day chinh la co cdu chap
hanh, cho phép thay dé&i luc can clia gidm chan trong pham
vi [8n, tuy theo diéu kién di chuyén thuc té cta xe. Gidm chan
tU héa MR yéu cau ngudn nang lugng cung cap thap, c6 thé
hoat déng doc lap bang pin, thiét ké co hoc don gian va chi
phi san xuat thap.

Trong nghién ctu nay, nhdm tac gia dé cap téi dén viéc
mé hinh hoéa va diéu khién gidm chan tir héa MR st dung
trong hé théng treo clia xe nham cai thién sy thoai mai va su
8n dinh cla xe. Chat 1dng MR |a chat 1dng dugc st dung phé
bién trong bd gidam chan d€ c6 hé s6 nhét cha gidm chan
thay dé&i [1]. Théng qua viéc thay di do nhét cia gidm chan
sé cho phép diéu chinh luc can, qua d6, viéc diéu khién dao
dong khéng mong mudn cla cac phan khéi lugng cla hé
théng treo dugc kiém soat hiéu qua trong dai tan s6 rong.
Hé thong treo tich cuc va ban tich cuc thusng ducc ap cho
cac hé théng trén 6t6 phan khic cao cap. Gidm chan ti héa
MR vé co ban bao gom: xi lanh, piston, cuén day dién ti va
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chat16ng MF. Néu mach diéu khién trong hé théng treo ban
chu déng bi 16i, gidam chan sé chi hoat dong nhu trong hé
théng treo bi déng théong thudng. Bingham va Bouc-wen la
hai mé hinh tham chiéu dugc st dung phé bién ap dung
gidm chén ti héa MR dé lam co s& nghién ctru dong luc hoc
cla gidm chan dung dau tu trudng [2].

2.CO SG LY THUYET NGHIEN CUU HE THONG TREO BAN
CHU PONG TREN O TO

2.1. Gidm chan dung dau tu truéng (magnetorheological
fluid)

Luu chat ti bién (MF) la mét dang clia luu chét théng
minh, bao gém hydrocarbon téng hgp hoic silicon két hop
vGi thé huyén phu clia cac hat tirtinh thém vao dé dé loai bo
su két tua clia cac hat c6 khéi lugng I6n khi MRF & trang thai
I6ng, chat hoat tinh bé mat, hat nano tirhda, hoac nhiing hat
dugc ph ti tinh sé dugc thém vao. Su két tua sé lam anh
hudng I6n dén dac tinh hoat dong ctia MRF.

& trang thai binh thudng, khi khéng cap dong dién, cac
hat trong dau chuyén déng tu do va chat 1dng c6 dic tinh
nhu chét 1dng Newton. Tuy nhién, khi cé tdc dung cua tu
trudng ngoai, luu chat khéng con tuan theo thudc tinh
Newton nifa ma chuyén sang thudc tinh cla chat léng
Bingham, cac hat kim loai bén trong luu chat nay gan két lai
véi nhau theo hinh dang clia dudng suic tir va ¢6 kha nang
chéng pha vé lién két, dé bén viing cda lién két nay phu
thudc vao dé 16n cda ti trudng ngoai cung cap (hinh 1). Cac
luéng cuc sap xép song song véi cac dudng tir thong thu
dugc dé tao thanh cac cau trdc dang chubi clia cac hat sat
gilia cyc bac va cuc nam. Cac hat tao thanh méi chudi chéng
lai chuyén déng ra khdi dudng théng lugng tuong (ing cla
ching va luc can cta gidm chan ty & véi cudng do cla tu
trudng tac dung.

a) b)

Hinh 1. Dac tinh clia chat Iong MR khi cd dong dién (a) va khdng c dong dién
(b) [2]

C6 nhiéu yéu t6 anh hudng dén cac tinh chat luu bién
clia MRF nhu: mat @6, kich thudc ctia hat, sdp xép hinh
dang, dac tinh cla dong chat 1dng mang hat tai dién, chat
thém vao, nhiét do va tu truong dat vao... Sulién quan cla
cac yéu to nay rat phuc tap va quan trong trong viéc xay
dung céc phuong phéap dé cai thién tinh chat cla dong
chéat 1dng cho cac ing dung phu hop. Dé hoat dong t6t,
MRF phai c6 dé nhét va d6 khang tir cia cac hat thdp ma
khéng anh hudng dén tir trudng bén ngoai va c6 thé dat
dugc tng suat toi da khi c6 da tu trudng tac dong. Thong
thudng dé lam tdng Ung suat ctia MRF, ngudi ta thudng
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tang cac thanh phan khéi lugng cta cac hat trong MR hoac
tang cuong d6 cla tir trudng bén ngoai cung cap.Tuy
nhién, trong tinh toén thiét k&, kich thudc va hinh dang cta
céc thiét bi st dung MRF anh hudng dang ké dén viéc tiéu
hao nang lugng cda thiét bi tng dung né. Trén hinh 2 thé
hién d6 thi dac tinh clia dau tir trudng trong gidam chan [2].
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Hinh 2. Dutng dac tinh ctia giam chan ding ddu MR [7]
2.2, Ly thuyét diéu khién theo mé hinh Bingham

Trong so d6 cau tric cha gidam chan st dung chat long
luu bién trén mé hinh Bingham (hinh 3), ¢ la mét phan ti
ma sat Coulomb Fyr dugc dat song song c;s [7].
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Hinh 3. So d6 Bingham model [3]

Theo mé hinh MR cta Bingham, khi van téc dich chuyén
clia piston khac khéng, luc can cla gidm chan Fq c6 thé
dugc xac dinh bang céng thic:

Fq = PaAg + cyiskp + Fursgn(x,) )

Trong d6: P,A; la luc dan héi ctia dung dich dau dugc sur
dung trong giam chan, cy; la luc nén do tac dong tu tinh
nhét cla chat 1dng MR; Fygr ap luc tao ra chat long MR.
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Hinh 4. Cau tao ca van diéu luu MR [1]

Van tiét luu MR dugc chia thanh cac khoang trén va dugi
bdi pittdng va chiia day chat 16ng MR. Khi pittong di chuyén
chat 16ng MR chay ti budng nay sang buéng kia qua cac 16
& hai dau va 6ng hinh khuyén gitta cac xi lanh bén trong va
bén ngoai. Buéng khi nam bén ngoai hoat déng nhu mét bé
tich tu ctia dong chat 16ng MR do chuyén déng cua pittong
gay ra. Vi gia thiét bo qua luc ma sat gilra cac phét dau va
gia strtrang thai gan nhu tinh ctia van tiét luu, luc gidam chan
cla van tiét luu MR c6 thé dugc xac dinh nhu phuong trinh
(1), tai d6, hé s6 nhét dugc xac dinh nhu sau:

Cvis = 2 [( - + ZLm) (Ap - AS)Z + - A%J]; (2)

™ [\Rat] = Ryt Ryt3

2cL.
Fur = (24, — As)t—m‘ry.
m

Trong d6: A, A 1an lugt 1a dién tich mat cat cta pittong
va truc pittong; Ty la Ung suat chay clia chat léng MR do tif
trudng tac dung gay ra, n la d6 nhét déo khéng phu thudc
tU trudng. L la chiéu dai cta hinh tru bén trong va tg la khe
h& clia 6ng hinh khuyén gilta hinh try bén trong va bén
ngoai. R; va R, lan lugt la ban kinh trung binh ctia cuc trung
gian va cta 6ng hinh khuyén. L, la chiéu dai cta cuc tu, va
ty, 1a khe hé cta 16 cla co cdu van MR. ¢ la hé s6 phu thudc
vao cau hinh van téc dong chay va né cé pham vi gia tri tu
gia tri nhd nhat la 2,07 dén gia tri I6n nhat la 3,07.
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Hinh 5. Viing diéu khién ca giam chdn thay lyc diing ddu tir trudng MR [7]
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Luc can cha gidam chan can dugc diéu chinh théng qua
viéc thay déi do nhét clia chat ldng MRF dé dap ling vling
diéu khién t6i uu nhu hinh 5.

2.3. Xay dung mé hinh toan ctia hé théng treo bi déng
cho mé hinh % xe

Cac loai xe thong dung ngay nay dugc trang bi hé théng
treo bi dong dé kiém soat bién dé dao dong thang dimng
phan khéi lugng dugc treo va cac dao déng khong mong
mudn cla xe. Trong cau trdc cta hé théng treo bi déng cac
phan ti ctia hé théng treo khéng thé tu cung cdp nang
lugng bé sung cho hé théng treo. Hé théng treo bi déng han
ché& dao ddng ctia than xe va banh xe bang cach gidi han van
téc dich chuyén tuong déi clia ching dén mot gia tri dam
bao su thodi mai, ém diu khi xe di chuyén. K&t qua nay dat
dugc bang cach lap dat mot sé bd phan giam chan dat gilia
than xe va cac banh xe cla cac xe 6 t6, vi du nhu: loai giam
chan thay luc. Pac tinh lam viéc ctia gidam chan dugc thiét ké
dé giam gia t6c doc than xe va tao luc bam t6t nhat gida
banh xe v&i mat dudng. Nghia la, d€ dam bao su ém diu khi
di chuyén nén han ché gia téc dich chuyén clia than xe béng
gidm chan dan héi, nhung nhu vay sé cho phép su dich
chuyén tuong déi gilta banh xe va dudng I6n hon, lam giam
kha niang bam cuta xe. Ngoai ra, hanh trinh dich chuyén cua
hé théng thudng dugc goi la bién do dich chuyén clia phan
khoi lugng dugc treo sé lam giam su tach banh xe khéi mat
dudng. DE gidam van t6c tuong déi hay noi cach khac la tang
dé bam dudng clia xe thi can thiét ké bo giam chéan cing
hon. VGi hé s6 can 16n hon sé lam tang d6 bam duong xe,
tuy nhién clng sé lam gia tang gia téc dich chuyén than xe,
lam gidm tinh ém dju can thiét ctia hé théng treo.
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Hinh 6. M hinh %4 clia hé thong treo bi dong [2]

Thiét k& ban dau cho hé théng treo 6 t6 tap trung vao
viéc dap uing cac tiéu chi khéng bi han ché déi vai hé théng
treo bi d6ng, véi mong mudn d6 cliing cla hé théng treo
thap, gidm khaoi lugng khong dugc treo va hé s6 can cla
gidm xéc tot dé€ tang kha nang kiém soat t6t nhat. Do do,
hé théng treo bi dong dugc thiét ké véi cac gia tri xac dinh,
vdi gia thanh thap va da dugc sir dung rong rai cho xe hai
ngay nay. Tuy nhién, gidam x6c théng thudng khong cung
cdp nang lugng cho hé théng treo va chi diéu khién su dich
chuyén cutia than xe va banh xe bang cach han ché van téc
cta phan khoi lugng dugc treo va khdng dugc treo theo ty
I& do cac ky su xac dinh trong qua trinh thiét ké. Do d6, hiéu
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suat lam viéc téi uu cla treo bi ddng chi dap Ung trén mot
s6 bién dang dudng xac dinh. So d6 vat ly biéu dién hé
théng treo bi déng dugc thé hién trong hinh 6 [2].

M6 hinh dé xuét trén hinh 6 1a mé hinh 2 bac tu do cla
hé théng treo bi ddng. Phuong trinh diéu chinh dao déng
cho mé hinh Y xe dugc viét nhu sau:

) _Kt.(xu - Q) _ Ct(xu - Q) + Ka(xs - Xu) +

Cs (Xs - Xu) = M,X,

—Ka(Xs — Xw) — Ca(Xs — Xyy) = MgXq.

Hé théng treo ban chu ddng c6 thé thay déi dé nhét
dau thay luc ca gidm x6c va khéng bé sung nang lugng
cho hé théng treo, hé théng nay doi héi it ndng lugng dé
hoat déng va chi phi dau tu. Trong két cau hé théng treo
ban tich cuc bd giam chan luu bién ti tinh (MR) cé vi tri
quan trong nhat vi luc cdn cla gidm chan thay déi trong
pham vi I6n v&i mic ndng lugng tiéu thu rat nhé c6 thé
hoat dong bang pin, thiét ké co hoc don gian va chi phi san
xudt thap. M6 hinh vat ly hé thong treo ban tich cuc duoc
gidi thiéu trén hinh 8 [2].

oy
L
Xs_dotpass] .
)
:

Hinh 7. M hinh Simulink md phdng cho hé thdng treo bi dong

Cac phuong trinh trén la phuong trinh vi phan cap hai
cla hé théng treo bi déng. Viéc gidi phuong trinh chuyén
déng nay rat khé nén théng thudng cé thé sir dung phan
mém Matlab/Simulink. Viéc giai phuong trinh va xac dinh
cac théng s6 lam viéc sé dugc thuc hién bang cach viét cac
phuong trinh trong Matlab va st dung cac khéi thu vién
Simulink s8n cé. M6 hinh simulink mé phong cho hé théng
treo bi dong dugc thé hién trén hinh 7.

2.4. Xay dung mé hinh toan cta hé théng treo ban cha
dong cho mé hinh 4 xe

Sansor
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Hinh 8. M hinh % clia hé thdng treo ban chti dong [2]
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Sag d6 hinh 8 1a mé hinh 2 bac tu do véi van tiét luu
MR. Déng luc hoc ctia giam chan thiy luc MR dugc mé hinh
héa trén co s& cla mo hinh tham chi€u Bingham. Day lamo
hinh ca ban dugc st dung dé€ mé ta nguyén Iy hoat déng
cla gidm chan thay luc MR. M6 hinh Bingham thé hién
mai lién hé phi tuyén gitta @6 nhét chat long di qua 16 van
tiét luu.

Theo mé hinh vatly ctia Bingham, khi van téc piston khac
0, trong d6 P, A la luc dan hoéi cda dung dich dau dugc s
dung trong gidam chan, cy; la luc nén do tac dong tu tinh
nhét clia chat 16ng MR; Fyg luc do ap luc tao ra tur iing suat
chdy cta chat 1dng MR, ching lién tuc dugc diéu khién do
cudng do cda tu trudng xuyén qua gidm chan chia dung
dich MR.

M6 hinh Bingham la mét mé hinh don gidn ma chi can
hai tham s6 dé mo ta hoat dong ctia gidm chan MR, qua dé
lam cho viéc phan tich tré nén don gian.

KXy —q) — Ct(Xu - Q) + Ka(Xs — Xy)

+Cs(Xs — Xy) + PaAg + Cyiskp + Fursgn(kp)

= MyXy — Ka(Xs — Xu) — Ca(Xs — Xy ) — (PaAg +
Cyiskp + Fursgn(k,)) = MgX.

M6 hinh simulink mé phéng cho hé théng treo ban chu
déng dugc thé hién trén hinh 9.

gia the than xe
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Hinh 9. M@ hinh md phdng cho hé thdng treo ban tich cuc (Bingham) 0 . : l [ l ‘ ] |
3. KET QUA MO PHONG W+ e B 6
Bang 1. Thong s6 dau vao hé thong treo cho mé hinh % xe [2] 25F L
Tham s hé thong Gia tri X
Khdi lugng treo (Ms) 290kg 9 15t
Khéi lugng khong dudc treo (My) 59kg g
Do cing 1o o (ks 16182N/m 30
Hé s can giam chan (Cs) 1000N-sec/m ‘202
Do cling cda lop (Kt) 190000N/m °
Hé s giam chan cla lop (Ct) 230N-sec/m ||5
Bang 2. Cac thong so md phong véi md hinh tham chiéu bingham [2] !
Hién hanh Gid tri clia cdc tham sé Nigani)
I® Fyr N Cyis [N-gidy/m] PaAs N Hinh 11. Dich chuyén than xe véi bién dang dutng Randoom
00 43,95 735,90 195,51 —
04 26,13 3948,70 186,28
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Hinh 10. Gia tdc than xe véi bién dang dudng Randoom Hinh 12. Gia tdc than xe v6i bién dang dutng Step
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Hinh 13. Dich chuyén than xe v6i bién dang dutng Step
Bang 3. So sénh gia tri thong s6 lam viéc cta hé thong treo véi bién dang
dudng Step

o Hé thong treo Hé thdng treo

HE thong treo bi dong ban ch dong
Gia toc khdi lugng treo (m/s?) 0,183 0,073
Dich chuyén than xe (m) 0,0016 0,0009

Bang 4. So sénh gia tri thong s6 lam viéc cta hé thong treo véi bién dang
dudng Randoom

e
Gia toc khdi lugng treo (m/s?) 0,730 0,240
Dich chuyén théan xe (m) 0,0025 0,00092
4, KET LUAN

Phan tich két qua thay rang, hé théng treo ban cha dong
c6 két cau don gian, nguyén ly hoat déng clia hé théng cho
phép thay déi luc can gidm chan théng qua viéc diéu khién
d6 nhét clia chat 1ong trong pham vi rong, yéu cau vé tiéu
hao nang lugng thap. Ngay nay, hé théng treo ban chli dong
dugc nhiéu nha san xuat xe hon uu tién dau tu nghién cdu
va ap dung trén mot s6 dong xe 6 tb cao cap.

Két qua moé phong cho thay, phan tram sai léch I6n nhat
clia gia téc dich chuyén than xe gitta hé thdng treo ban cha
dong va hé thong treo bi dong trén co s mé hinh tham
chiéu Bingham lan luot la: 39,89% va 32,88%, sai khac su dich
chuyén than xe tuong (g la: 56,25% va 36,8% Ung vGi cac
bién dang dudng Step va Randoom cho mé hinh ¥ xe. Két
qua cho thay, hé théng treo ban chii déng cho gia tri gia toc
dao dong, bién d6 dich chuyén clia phan khéi lugng dugc
treo déu t6t hon clia hé théng treo bi déng trén ca hai bién
dang dudng mé phéng. Panh gia téng quan trén cd s& cac
tiéu chi: gia t6c dich chuyén, bién d6 va thai gian dap tit dao
déng cho thay hiéu suat lam viéc ctia hé théng treo ban cha
dong stir dung giam chdn dau tir trudng (MR) t6t hon so véi
hé théng treo bi déng.

Pinh huéng nghién cuu tiép theo ctia nhém tac gia la toi
uu héa cac thuat diéu khién cho hé théng treo ban cht dong
vGi cdc m6 hinh tham chiéu khac nhau nhdm nang cao hiéu
suat lam viéc ctia hé théng treo.

Website: https://jst-haui.vn
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