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Tom tat

Bai bao tdp trung phdn tich va so sanh dac tinh
lam viéc cua giam chan tir trwong doi véi hai mo
hinh tham sé Dahl va Bou-wen. Viéc xdc dinh cac
thong so md phang trén hai mé hinh Dahl va Bou-
wen duotc thuc hién thu cong, danh gia tinh chinh
X&c cac thdng so nay bang cach so sanh véi thuc
nghiém xdc dinh dac tinh cuia giam chan trén thiét
bi do chuyén dung. Ngoai ra, bai bao con danh
gia hiéu qud ddp tdit dao déng cua giam chan tir
trieong trén md hinh hé thong treo ¥4 khi six dung
dau vao la map mé mdr dirong dang bdc. Tir 6,
nhém tac gid duwa ra mé hinh tham sé sir dung
trong mé phong hoat déng cua hé thong treo si
dung giam chdn tir trieong.

Tir khoa: Giam chd’n’tz‘[ triong, md hinh Dahl, mo
hinh Bou-wen, h¢ thang treo %a.

Abstract

This paper analyzes and compares the features of
magnetic dampers using Dahl and Bouc-Wen
models. The simulated parametric identification
of the Dahl and Bouc-Wen is made manually. The
accuracy of these parameters is evaluated by
comparing with the experiment data. In
addition, the paper evaluates the oscillation killer
efficiency of the magnetic damper in the %
suspension system model with step input. Then,
the parametric model in the simulation of
suspension system using magneto-rheological
dampers will be demonstrated.

Keywords: Magneto-rheological dampers, Dahl
model, Bouc-Wen model, quarter-car model.

1. Mé dau

Mot s6 vat lisu thong minh c6 kha nang chuyén tir
thé long sang thé rin gan nhu ngay 1ap tirc khi dat gan
nam cham. Chat léng Magneto Rheological (MR) 1a

loai chit long Iuu bién trong d6 cac dic tinh cua nd
duoc kiém soat bang cach thay dbi tir tinh kich thich
bén ngoai. Viéc phét hién ra chat long MR dugc cong
nhan boi Rabinow (1948) tai Cuc Tiéu chuian Qudc
gia Hoa Ky. Cac hat trong chat long MR ¢6 pham vi
tir 3+5 micron, 1a cac hat tir tinh (chu yéu la sit) lo
ling trong chit long nhu dau khoang, dau tong hop,
nuéc hoic etylen glycol,... Chét long dong vai tro 1a
mdi truedng phan tan, dam bao sy ddng nhit cua cac
hat trong chét long. Cac chat phu gia (bao gdm chat
6n dinh va chat hoat dong bé mit) ciing dwoc sir dung
trong chat long MR dé ngan chan su ling xudng do
tac dung cua trong truong va thuc day su 6n dinh cua
céc hat, cac chat 6n dinh dé gitr cAc hat lo ling trong
chat long.

Khi khdng c6 tir trudng xuyén qua chat long MR,
cac hat mau s& phan tan ngau nhién trong moi trudng
(Hinh 1a). Khi c6 tir truong, cac hat bat dau chuyén
dong dé tu sap xép doc theo dudng cua tir thong. Hinh
1b va Hinh 1c cho thay sy hinh thanh cac chudi kim
loai, tao ra d6 nhét Ion hon (Ashwani va Mangal,
2010a). Vi sy thay d6i ndy gan nhu xay ra ngay lap
tuc, nén chét long MR 1a giai phap hiéu qua cho cac
g dung diéu khién theo thoi gian thyc, nhu: giam
chan, phanh, ly hop, gia d& dong co,...

(a) Khoéng c6 tir truong (b) C6 tir trueng (c) Cac hat st sdp xép

' ' ' '

Hinh 1. Minh hea vé s hoat déng ciia chat léng MR

Viéc nghién ciru hoat dong cua giam chin MR
thuc cht 1a quan sat vong tir tré trong céc vat liéu tir
tinh, tir hda hoac chat long Iuu bién tir tinh. Trong cac
nghién ciru [1-5], chat Iong MR sir dung trong thiét ké
bo giam chin, cac nghién ctu nay tap trung vao
nghién ciru mé hinh tham sé biéu dién hoat dong cua
giam chan MR. Trong nghién ctu [7], md hinh giam
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chin MR dugc md phong théng qua md hinh Bouc-
Wen két hop véi bo diéu khién PID tu diéu chinh cho
mo hinh hé thdng treo tich cuc. Cac nghién ctru chua
¢6 thuc nghiém xac dinh tinh chinh xac ctia mé hinh
mo phong, do xac dinh cac tham sé vong tré kha phirc
tap, Vi vay can thém céc nghién ctu ly thuyét két hop
thuc nghiém trong viéc xac dinh dic tinh giam chan
MR.

Trong bai bao nay, chung t6i dua ra hai mé hinh
tham sb trong md phong giam chan MR, viéc thir
nghiém va danh gia cac thong sé vong lap tré duoc
thuc hién trén thiét bi xac dinh dac tinh giam chan, ddi
tuong st dung la giam chin MR cua hé théng treo
trudc, st dung trén 6 t& Honda Acurra 2011 do tap
doan BWI san xuét. Ngoai ra, nhém téac gia lua chon
md hinh giam chin MR trong mé phong so sanh hiéu
qua dap tit caa giam chan MR trén mé hinh hé théng
treo Y dudi tac dung cua cac dong dién diéu khién
khéc nhau.

2. M6 hinh giam chan MR
2.1. M6 hinh gigm chdn MR theo Bouc-Wen

Giam chan MR theo Bouc-Wen 1a mot t6 hop bao
gdm: phan tir 16 xo (d6 cing ki), giam chan thu dong
(hé s6 can giam chan ¢;) va md hinh tham sé tr& Bouc-
Wen, trong d6 md hinh tham sé tr& Bouc-Wen lai bao
goém cac phan tir tvong ty nhung nhé hon nhu: 10 xo
(dd cang ko), giam chan thu dong (hé sé can giam chan
Co) va vong lap Bouc-Wen. So d6 biéu dién mé hinh
giam chin MR theo Bouc-Wen dwoc biéu thi nhu
Hinh 2.

v
Bouc-Wen

NNANNAN

“\\\\\\\\\\\\]‘:\

&

Hinh 2. M& hinh Bouc-Wen
Phuong trinh xac dinh lyc giam chin nhu sau:

F=cy+k(x=x) €

V6i x: Dich chuyén cua giam chan; y: Dich
chuyén ciia giam chan theo vong lip Bouc-Wen; k;:
Dai dién cho d¢ cing cua bg tich nang (phan tir khi);
Co VA ¢ dai dién cho sy giam chan twong tng duoc
guan sat & mirc van toc cao va thap, ko biéu thi kiém
soat do cting & van tdc 16n va xo dich chuyén piston
do anh huong cua bo tich nang, gia tri cua vong lap
tré:y,B8.AnN.
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Van téc Y duoc xac dinh theo cong thuc:

y = z+c X+k (x— )
y co+cl(a+° +ko(x=Y)

M&i quan hé giita cac tham sb a, co, €1 va dién &p
diéu khién u 1a tuyén tinh:

a=a,+aU

©)

Cy = Cp, +CyuU
C, =Cp, +CyU

Bién z dugc x4c dinh:
2=—yls=ylz|"" - p(k=y)[2l" + A(%-Y)

Bdng 1. Thong sé md hinh Bouc-Wen

Tham s6 Giatri Pon vi
ko 300 N/m
A;B,7n 1;0;1;2
| 0.25 A
4400; 442;
Coa; Con; a0a; cob 10872: 9616

2.2. Mb hinh gi@gm chédn MR theo Dahl

M0 hinh giam chin MR theo Dahl duoc Dahl dé
XUat doc lap dé mo ta dién bién cua ma sat va duoc
Bouc (1971) xay dung dé thé hién cac hién tuong tré.
Mo hinh Dahl dugc sir dung trong nghién ciru nay dua
trén mo hinh dugc dé xuét bai Aguirre et al (2008).
M6 hinh Dahl dugc thé hién trong Hinh 3.

x

—

%
7

T
1
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Hinh 3. M6 hinh Dahl

Lyc giam chan bi anh huong bai cac tham s6 hinh
dang vong lap tr& (K, Kua, Kub) va hé s6 tré dong (w).
Phuong trinh (4) va (5) mé ta mé hinh Dahl:

f () = &, [V)IX(E) + , [V(t)I(t) 4
W(t) = p[v(t)](X(t) - |X(D)| w(t)) ®)

Trong do6: f(t): Luc giam chan; X(t): Van téc

piston; v(t): Dong dién didu khién; w: M ta dién bién
phi tuyén cua giam chin; (t): Thai gian; hé sé ma sat
nhét Ky, hé s ma sét khd Ky, va tham sé p phu thugce
vao dong dién.
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Khi dich chuyén da I6n thi w(t) =1, (4) tro
thanh:

f(t) = x, [V(t)]%, (1) + , [v(D)] (6)
Bdng 2. Tham sé trong mé hinh Dahl
Tham s Gia tri Pon
Vi
Dong dién diéu khién: i 1 A

Tham s tré: K, kua, kan, o 5; 80; 80; 1500

3. M6 hinh toan hec h¢ théng treo ¥
3.1. M6 hinh h¢ théng treo ¥

M© hinh hé thdng treo ¥4 thu dong va ban tich cuc
dugc thé hién trén Hinh 4. Cac phuong trinh chuyén
dong cua hé thong dugc thé hién theo cong thic (7)
va (8).

a) Thu dong
Hinh 4. M6 hinh h¢ théng treo ¥,

b) Ban thu déng

a. Hé théng treo thu dong
m,Z, +¢,(Z,—2,) +K,(z,—2,) =0 )
muzu _Cs(zs _Zu)_ks(zs _Zu)+kuzu = kur

b. Hé théng treo bén tich cuc

msZs +Cs(zs _Zu)+ks(zs _Zu): f
muZu —CS(ZS _Zu)_ks(zs _Zu)+kuzu =—f +kur

(8)

Trong doé: Z.,2

s+ Lgy Z - Dich chuyén, van toc va gia

téc cua khéi lugng dugc treo; Z,,Z,,Z, : Dich

u?

chuyén, van tc va gia tc ciia khdi lugng khong duoc
treo; ks,ku: D6 cing ciia phan tir 10 xo va do cang cua
16p; cs: hé sb can giam chan; r: Bién dang mat duong;
f: Luc do bo diéu khién. Gié trj cac thdng sb trong md
hinh ¥ dugc thé hién trong Bang 3.
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Bdng 3. Thong sé hé thong treo ¥

Tham s6 Gia tri Pon vi
ms 450 kg
my 48 kg
ks 28500 N/m
ke 293900 N/m
Cs 2700 Ns/m

3.2. M6 hinh hda h¢ théng treo ¥4 ¢6 gidém chdn MR

So d6 h¢ thdng treo ¥4 c6 trang bi giam chan MR
duoc thé hién nhu Hinh 5. Trén mé hinh phan tir giam
chan thu dong dugc thay thé bang giam chan MR va
hé s can giam chan ¢ khong duoc thé hién nira. Vi
vay, lic nay hé théng treo chi con 2 théng sé 1a ks va
fur (fwr: luc dau ra cua giam chan MR).

Tir phuong trinh (8) két hop véi giam chin MR ta
c6 phuong trinh nhu sau:

mszs :_ks (Zs _Zu)_ fMR
mu'Z.u :ks(zs_zu)_kt(zu _Zr)+ fMR

©)

Trong dé: fur: Luc do giam chan MR sinh ra.

3
Thé‘r"l xe | m

Hé théng treo k
5

Giam chan MR

Mat dwong

Hinh 5. M& hinh h¢ théng treo ¥ véi gi@gm chdn MR

4. Thuc nghiém xac dinh dic tinh giam chan MR
4.1. So do thiét bj

Thiét bi thi nghiém dugc ché tao tai Trudng Pai
hoc Bach khoa Ha Noi. Thiét bi hoat dong dam bao
d6 chinh x4c, ém va tin cdy. Hinh dang tong thé thiét
bi dugc biéu thi trén Hinh 6.
4.2. Két qud thec nghigm

Thuc nghiém xac dinh lyc can giam chin véi dau
vao la dao dong hinh sin bié€n d§ Scm, pha dao dong
21. Dao dong dugc tao ra do co cAu truc khuy - thanh
truyén. Viéc xac dinh chuyén vi va van téc dao dong
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thong qua Encoder, luc giam chan dwoc do bang
Loadcell. Két ndi bo do va may tinh qua cong USB,
giao dién hién thi 3 dic tinh: F-t, F-v, F-x. Két qua
duoc luu dudi dang file excel. Két qua do thuc nghiém
thé hién trén Hinh 7.

Hinh 6. Thiét bj thi nghiém dgng luc hec giagm chén
1. Bong co; 2. Bg piston xylanh; 3. Giam chédn MR; 4.
Hép giam téc; 5.Truc khuyu; 6. Cam bién lic loadcell;
7. Hop diéu khién; 8. Encoder; 9. Cong tdc nguon;
10. Bg cdp nguén.

. ' T a ! —i=0,1A
300 o 1l= Ci=1A

Luc gidm chén (N)

. . . .
15 2 25 3 35 4
Théi gian (s)

a) F-t

Luc gidm chén (N)
L P
- 8 =

=
s

Y]
=]
=]

o
=]
5]

\ . . . . . . . \
25 20 15 10 5 0 5 10 15 220 25
Van tée piston (cmis)

b) F-v

Luc gidm chén (N)
El

Dich chuyén piston (cm)

c) F-x

Hinh 7. Bdc tinh luc iing véi dong dign cdp khac nhau
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Nhgn xét: O mbi chu ki dao dong, bién d¢ cua luc
giam chin ting theo gi4 tri dong dién kich thich, khi
dong dién tang tir 0,1A Ién 1A thi lyc giam chan tir
200N 1én 380N, diéu nay cho thay sy anh huong cua
dong dién dén dic tinh lam viéc cua giam chan & cac
gid tri dong dién 1a khac nhau. Khi taing dong dién kich
thich thi lyc ¢ trang théi tra caa giam chan ting manh
Vi d6 bién thién 16n, nhung & chu ki nén, luc chi thay
d6i trong pham vi rat nho (tir -207N dén -234N). Diéu
nay cho thay dong dién cé anh huong Ion dén qua
trinh tra cua giam chan.

5. M6 phéng hé théng treo ¥ c6 trang bi giam
chan MR
5.1. Danh gia moé phong vai thuc nghiém

M6 phong va thuc nghiém sir dung tin hiéu gia lap
dau vao dang hinh sin, bién d6 5cm, tan sb 2r. Két
qua so sanh gitra mé phong vai thi nghiém ¢ dong dién
diéu khién 0,25A dugc biéu thi trén Hinh 8.

" '—Thue nghiém

200 Rarte # "\ = -Méhinh Daln
o . =+ M hinh Boue-Wen

Luc gidm chan (N)
o

-100)

-200

o [ A 0.2 0.3 04 0.5 06 0.7 0.8 09 1
Theri gian (s)

a) F-t

Lurc giam chan (N)

0 o o Van toc piglnn (cmis) * * *
b) F-v

Hinh 8. Pdc tinh giém chén giga md phéng va thuc

nghigm ¢ dong dign diéu khién 0,25V

Két qua trén d6 thi cho thay, dic tinh giam chan
theo md hinh Bouc-Wen cho két qua gan véi thuc
nghiém hon so v6i md hinh Dahl. Vi vay, trong cac
nghién ctru vé giam chan MR, nén si dung mé hinh
tham s6 Bouc-Wen, cac théng sé md phong trong mo
hinh Bouc-Wen theo Bang 1 1a twong ddi ph hop.

5.2. M6 phéng hogt déng ciia hé théng treo Y
c6 trang bi giagm chdn MR

Dé danh gia hoat dong cua hé thong treo cé trang
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bi giam chdn MR, chiing tdi xay dung phwong 4n mé
phong nhu Bang 4. Trong pham vi nghién ctu nay
ching t6i s dung xung dau vao tac dong theo dang
xung vudng dé xem xét phan ung cua hé théng treo
dén dao dong cua than xe dudi tac dung cua cac dong
dién cap vao giam chan MR khac nhau. Tiéu chi danh
gi4 1a bién d6 dao dong I6n nhat cua than xe.

Béng 4. Phwong dn mé phéng hg théng treo vdi giam

chdn MR
Phuong . Dong dién Tiéu chi
; Pau vao
an (A) danh gia
Nhip nho 0 Bién do, tan
2 mat duong 5 s6 dao dong
3 xung vudng 10 cua than xe

Két qua md phong dugc trinh bay trong Hinh 9.

N —--i=5A

1 —i=10A

— -Thy dong
Mat dudng

Dich chuyén than xe (cm)

Thoi gian (s)

Hinh 9. So sanh dich chuyén than xe

Dic tinh F-v, F-x dugc thé hién trén Hinh 10.

Luc gidm chan (N)

04 0.6
Dich chuyén than xe (cm)

a) F-x

Luc gidm chan (N)

0 8 & 4 2 o 2 4 5 8 10
Van tée dao dong than xe (cmis)

b) F-v

Hinh 10. Luc gigm chén trén hg théng treo ¥,
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Nhin xét: Hiéu qua dap tit dao dong cua thin xe
khi c6 dong dién diéu khién vao giam chin cao hon
han so voi khi khong diéu khién (thu dong). Ung vai
dong dién diéu khién nho thi bién d6 dao dong dugc
giam nhiéu nhung tan s6 dao dong van con 16n, cang
tang dong dién diéu khién thi kha ning dap tit dao
dong cang cao, ca vé mat bién d6 va tan s6. Mat khéc,
khi khong cap dong dién cho giam chan, lyc giam
chan khong bang 0, luc nay giam chdn MR hoat dong
nhu mot giam chén thu dong. Baoi vi, trong thuc té do
nhét cta chit 16ng ciing 1a nguyén nhén giy ra hiéu
mg giam chan khi giam chin ¢ trang thai tit. N6
tuong duong véi trang thai khi bo diéu khién bi hong,
cuon day dién tir hoat dong sai chuc nang hodc hé
thdng lam viéc khéng an toan.

5. Két luan

Bai bao da tap trung phan tich ly thuyét trong xay
dyng md hinh giam chan MR (tap trung vao md hinh
Bouc-Wen) va md hinh h¢ théng treo ¥ c6 sir dung
giam chan MR, d tién hanh x4c dinh sy phu hop cua
cac thdng s6 md phong thong qua thuc nghiém xac
dinh dac tinh giam chan MR trén hé thong treo truéc
cua 6 t6 Honda Acurra 2011 trong phong thi nghiém.
M6 phong hoat dong hé théng treo ¥ c6 giam chén
MR Véi cac dong dién didu khién 5A va 10A. Viéc
danh gi4 hiéu qua dap tit dao dong théng so sanh dich
chuyén cua than xe (Hinh 9) cho thiy vu diém vuot
troi cua giam chan MR trong kha niang dap tit dao
dong cua hé théng treo. Dong thoi, nhém tac gia ciing
xay dung cac do thi F-v, F-x nhdam muc dich quan sat
dic tinh dong luc hoc cua giam chin MR trong hé
thdng treo ¥a. Tir cac két qua trén, ngudi ding cd thé
kiém soat lrc giam chan cua bo giam chan MR bang
cach thay d6i dong dién cung cip dau vao cho cudn
day tir. Day 1a budc can thiét trong nghién ciru thuat
toan va phat trién diéu khién hé théng treo bén tich
cuc ¢6 trang bi giam chan MR.
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