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Tém tt. Trong nghién ctru nay s& trinh bay mot thiét ké méi vé b giam chan kiéu méi sir dung chét tir
luru bién (MRF) str dung cho giam x6c trong 6 t6, voi muc tiéu chinh la cai thién lyc giam chan so véi bo
giam chén sir dung MR d4 nghién ciru trude day. B giam chan nay 1a sy két hop gitta nguyén ly cua vit
me bi va phanh tir bién dé ma co the chuyén chuyén xoay thanh chuyen dong tinh tién. Trong nghién ctru
nay s& tong hop va phan tich mot sé nghién ctru trude d6 co lién quan dén ndi dung nghién ciru, sau d6 viée
thiét ké co cau va mo hinh héa b giam chan méi nay s& dugc thuc hién bang cach ap dung mo hinh déo
Bingham va phuong phap phan tir hitu han. Cac mo hinh toan ciing s€ dugc thiét 1ap dé tinh toan lyc giam
chén va md men ma sat ciia by giam chan dugc dé xuat nay. Bé dat duogc luc giam chén can thiét v6i chi
phi san xudt thdp nhét, viéc ap dung phuong phap t6i wu hoa PSO cho bo giam chan st dung luu chat tir
bién nay. Dua vao cac thong s6 tbi wu dat duoc s& dugce sir dung dé ché tao mo hinh thuc té va kiém nghiém
kha nang thuc té cta bo giam chin ding luu chét tir bién, két qua nay sau d6 dugc so sanh voi két qua mo
phong. Bo giam chin ding luu chat tir bién méi nhu 1a mot giai phap hiéu qua dé kiém soat d6 rung dong
trong nhidu tmg dung bao gém 6 t6, may moc va tda nha. Cu01 cung nghién ctru nay s€ mang lai kha nang
giam chan duoc cai thién va ing dung rong rai trong thyc té.

Tir khéa. Luu chét tir luu bién, Giam chén tir luu bién, Vit me bi, PSO.

1 GIOITHIEU

Trong vai thap ky qua, cic cong nghé lién quan dén viéc kiém soat trang thai dao dong dac biét la trong cac
linh vue nhu ky thuat dén dung, ky thuét 6 t6 va may moc chinh xac [1,2]. Vo1 su tién bo vé cong nghé thi
doi hoi cac yéu cau vé hiéu suat, tiéu chi vé thiét k&, chi phi san xuat ngay cang kho khan hon cho cac thiét
bi, may moc khac nhau. Pang chu ¥ 1a viée kiém soat dao dong trong céac két cAu, robot va hé thong treo
ngdy cang tro nén quan trong va c6 gia tri hon d6i véi viéc thiét ké tré nén chinh xac hon va thiét bi it bi
rung dong dan t6i hoat dong tot hon. Trong s6 cac linh vuc trén thi linh vyuc 6 t6 yéu cdu khit khe hon trong
viéc kiém soat d rung dong trong qua trinh hoat dong. Néu kiém soat hiéu qua do rung dong trong hé théng
treo 0 to thi s& mang lai loi ich ddng ké nhu nang cao cam giac thoa mai cho ca nguoi 1ai va hanh khach.
Trong nhitng nim gan day, ngay cang c6 nhiéu nghién ctru ing dung chét 1ong tir luu bién (MRF) trong ky
thuat 6 t6 [3]. Vi kha ning dap ung nhanh chong cia MRF va diéu khién kha niang dap Gng théng qua
dong dién ap dung gitp chung tré thanh ng ctr vién day htra hen cho cac g dung giam rung dong nhu
b6 giam chan tir luu bién [4]. Céc tinh ning vuot trdi clia bd giam chin MR bao gom Iyc giam chan 16n,
kha nang dap ung lién tuc va kha nang thich ting tuyét voi, khién chung trg thanh mét Iya chon déng tin
cdy so vai cdc loai giam chan truyen thong.

Trong nhiing nim gan diy, mot s6 nha nghién ciru tap trung chii yéu vao viéc phat trién va ing dung bd
giam chdn MR trong hé thng treo cua 6 t6. Theo nghién ctru cia Hong. SR va cac cong su dd phat trién
mot phuong phéap phén tich khong thir nguyén cho cac bd giam chén tir lvu bién (MR) [5]. Thi nghiém cua
ho di chimg minh tinh hi¢u qua ctia phuong phap niy trong viéc danh gia luc giam chan va dai dao dong
ctia bo giam chin MR hoat dong & ché d6 hon hop. Céc thi nghiém sau d6 cho thay rang b giam chan MR
ché d6 hdn hop sir dung ca ché d6 van va ché do cit nhim tao ra luc giam chin 16n hon bd giam chén ché
d6 van [6]. Nguyen QH va cac cong su tap trung vao viée tdi uu hoa thiét ké bd giam chin MR 4p dung
cho cac loai xe ndi chung, nghién ciru nay da xem xeét toi lyc giam chan va dai hoat dong [7]. Két qua cua
ho cho thiy su gia ting dang ké & ca hai thong s6 s0 voi ket qua ban dau. Tuy nhién, phuong phap bac nhat
dugc str dung trong nghién ctru ctia ho yéu cau lya chon cin than cac bién dau vao dé tranh cac vén dé vé
hoi ty trong qua trinh t&i uvu hda cac myc tidu dé ra. Ngoai ra, Nguyen Q. H va cac cong su nghién ciru thiét
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ke va ng dung giam x6c MR trong h¢ thdng treo trén 6 t6 [8]. ‘Nghién ctru cua ho da chimg minh rang viéc
t6i wu hoa bo giam x6c MR ¢ thé cai thién dang ke hiéu suat klem soat do rung cua hé thdng treo. Tuy
nhién nhugc diém ciia bd giam chin tuyén tinh bao gdm yéu cau vé khong gian lam viéc va gia tri luc trang
thai ban dau dang ké. Vi véy, dd c6 nhitng nghién ciru tap trung vao viéc phat trién giam chan MR xoay dé
giai quyét nhitng han ché nay. Véi tac gia Park YJ va cac cong su di phat trién mot bo giam chédn MR xoay
ma&i dimg cho 6 t6 san thdp dwoc trang bi hé théng treo ban chu dong [9]. Két qua mé phong va thir nghiém
ctia nghién ctru ndy cho thdy mé men giam chén tdi da c6 thé diéu khién 1én t6i 600 Nm thap hon mot chat
s0 voi gia tri mo phong 1a 744,8 Nm. Ngoai ra, nguyén mau con dat duoc thoi gian phan hoi 1a 50 ms khi
sir dung bo diéu khién PI. Yu J va cac cong sw da gidi thiéu mot giam chin MR xoay cO thiét ké dung dai
¢ hoat dong dugc hai ché do dong chay va cit [10]. Nghién ciru cua ho chimg minh rang thiét ké nay mang
lai ket céu hop 1y hon so voi bd giam chan MR xoay voi ché do cit truyén thong Mic du c¢6 nhiéu nghién
ctru vé bd giam chan sir dung MRF, nhung van chwa ¢ nghién ctru nao két hop chuyén dong tinh tién va
chuyén dong xoay dé nang cao hiéu suat va tinh linh hoat trong hé thong treo 6 to va cac co cdu khac lién
quan. Vi vy, nghién ciru ndy sé tap trung thiét ké va phat trién co ciu giam chén sir dung MR m&i duya trén
nguyén 1y 1am viéc ciia vit me bi (goi 12 giam chan SMRB). Sau khi xem xét va phan tich cic nghién ciru
lién quan, cau hinh va nguyén 1y 1am viéc ciia giam chan SMRB duogc trinh bay & muc 2. Sau do, sir dung
mo hinh déo Bingham va phuong phap phan tir hitu han, mé hinh toan ciia giam chin SMRB s& duoc phan
tich & muc 3. Ngoai ra, dé cai thién luc giam chan ciia bo giam chdn SMRB thi bai toan téi wu hoa dugc
trinh bay va giai quyét bang phuwong phap tdi wu héa bay dan (PSO).

2 CAUHINH VANGUYEN LY HOAT PONG

¥2 Vithintrén I Ong gi cuén diy
B Vo than giira B Cuc tir tinh
B Vo thinduéi W Vich cich tir
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b) Kich thudc hinh hoc cia giam chan SMRB
Hinh 1: C4u tao va thong s6 hinh hoc cua giam chédn SMRB.

Nguyén Iy c4u tao ciia bd giam chin st dung chét 1ong tir luu bién (MRF) duoc biéu dién bai Hinh 1a. Cac
bo phan chinh cuia giam chan nay bao gom dai ¢, banh da, vit me bi, 6 lan, cic vo than giam chan, 6ng ga
vong ddy (vat liéu nhém), cyc tir tinh, cudn déy va chat 1ong MRF. Duya trén nguyén 1y co hoc cua vit me
bi, lue tuyén tinh ¢ hai dau tim truc vit dugc chuyén thanh mé men xoay cua dai 6c trén truc vit. Ngoai ra,
dai ¢ va banh da duogc lap chit voi nhau dé tao thanh mot cum thong nhit co thé xoay tuong dbi véi vo
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ngoai ctia b giam chin SMRB duoc dé xuit. Do d6, md men xoay cua dai ¢ trén truc vit ciing 1a mé men
xoay clia banh da. Hai 6 lan duoc sir dung dé dam bao chuyén dong xoay tot nhat c6 thé ciia banh da khi
¢6 luc tuyén tinh tac dung 1€n truc vit. Tai vi tri gitra banh da va than vo cua nd dugc bb tri mot khe ho hinh
khuyén dugc thiét ké dé chira day chat 1ong MRF va bo tri hai phot ngan khong cho MRF r6 ri trén khe
hinh khuyén nay. Cac vong nhom va cuc tir duoc sap xép xen k& nhau dé nham tao thanh tir truong do1
hudng, cho phép kiém soat do nhét cia MRF trong khe ho bang tur truong dugc tao ra boi hai cuén day sap
xép doi lap nhau. Do do, lyc giam chin mong mudn cta bg giam chin SMRB c6 thé duoc dleu khién bang
cach cung cap dong dién cho cudn dy. Véi sy don gian niy va luc can ti thiéu cua co cu vit me bi s&
mang lai loi thé trong viéc hién thuc hoa giam chan SMRB, dam béao hiéu suét hiéu qua va dang tin ciy
trong céac tng dung trong linh vuc 6 t6 sau nay.

3 MO HINH HOA BQ GIAM CHAN SMRB
3.1 Phan tich manh tir

Sy phan bd mat do tir truong trong mach tir ctia bo giam chin SMRB dong vai tro chu yéu trong viéc phan
tich cac dac tinh cua bo gidm chidn MR. Hinh dang cua mach tu, tinh chét vat liéu (méi quan hé mat do6 tu
thong va cudng do tir truong B-H), thong sé chia ludi (loai phan tir va kich thudce ludi), cuong d6 dong
dién ap dung va cac diéu kién bién khac déu 1a nhitng yéu t6 dau vao can thiét dé mo phong mach tir clia
bd giam chin nay. Cu thé, so d6 mach tir gin dung ciia bo giam chidn SMRB dugc hién dién trong Hinh 1b.
V& yéu t6 bién tht nguyén, c6 ba loai bién nhu bién thiét ké (co thé duoc thay ddi boi chuong trinh téi uvu
hoa trong qua trinh t6i wu hoa), bién hiang s (c6 thé khong thay ddi trong qua trinh tdi wu héa), bién phu
thudc (bi anh huong bdi hai bién trén). Ngoai ra, cac canh bén ngoai cia vé dugc thiét lap nhu cac dudng
bién cua tir truong v6i didu kién bién cua cac dudng tir trudng song song.

Luwu chit MR

Than giam chin

Cudn day
Vong cach

Cuec tir

Cach tir
Banh da

Pai b¢

Hinh 2: M6 hinh phan tir hitu han phan tich mach tir cia SMRB.

Sao do tac gia tién hanh phan tich mach tir cho b  giam chin SMRB duoc thyc hién véi phuong phép
phan tir hitu han (FEM) dugc tich hop trong phan mém ANSYS. Phan tir tir gidc (phan tir dbi xtmg truc
PLANE 13) trong ANSYS APDL dugc sir dung trong phuwong phéap phén tir hitu han dugc mo ta trong Hinh
2. Mat do tir thong va cac duong strc tur ciia by giam chidn SMRB dugc mo phong trong ANSYS APDL
dugc thé hién boi Hinh 3a va Hinh 3b. Ngoai ra, khi phan tich tinh chat tir tinh ctia cac bo phan nhur than
v st dung thép C45 va duong cong B-H cua thép C45 dugc ap dung trong nghién ctru nay. Nguoc lai, do
tham tir trong d6i ciia cac thanh phan khong tir tinh nhu cudn day (lam bang ddng) va cac cuc trung gian
(1am bang thép khong ri khong tir tinh — Inox 304), dd tham tir twong ddi cua cac bo phén ndy duoc gia dinh
1a 1,0 trong nghién ctru nay (twong mg véi do thim ciia khong khi). Pién trd suat ciia dong dung trong
cudn day 1a p, =0.01726-10° . Ngoai ra luu chat MRF st dung trong nghién ciru nay 1a MRF132-DG, do
hang Lord ciia My san xuét.

Puong cong B-H biéu dién tinh chat tir tinh cia MRF dugc thé hién theo [11] boi cong thuc:
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B=191-0""[1-exp(-10.97 o - H) |+ pto - H (1)
Trong d6 B 1a mat do tir truong (Tesla), H 1a cudng do tir truong (A/m) va u, =47-107 1a d6 tir tham
chan khong cia MRF (Tm/A). Mat d¢ tir thong qua khe MRF can duoc xac dinh dé phan tich hoat dong
cia MRF trong khe vi mat do tir thong trong khe MRF khong giong nhau & cac vi tri khac nhau. Do d6, gia
tri trung binh cua mat do tir thong trén khe MRF dugc xac dinh b'flng cach tinh tich phan cua mat do t
thong doc theo dudng di (P1 dugc hién thi trong Hinh 3b).

| [
- e

a) Phan b6 mat do tir truong b) Phan b6 dudng stc tir
Hinh 3: M6 phoéng tir truong cia gidm chan SMRB.

3.2 Mo hinh todn ciia giam chin SMRB

Pé danh gia toan dién vé bd giam chdn SMRB dua trén nguyén ly hoat dong hd tro ciia vit me bi thi mbi
quan hé gitra lyc doc truc va md men xoay trén dai 6 ¢ vit me bi duoc danh gia trong nghién ctru [12]. Can
lwu ¥ raing mo men giam chan cta giam chan SMRB thyc chét 1a mo men giam chan do MRF gay ra trén
banh da lién két v6i dai dc vit me dudi tic dung cua tir truong va cac thanh phan mé men ma sat khac (6
lan, phét chin MRF). Do d6, mbi quan hé gitra lyc giam chan (F.;) va mé men giam chén cia SMRB (7))
c6 thé xac dinh nhu sau [12]:

tan(y +¢)

T, = FuD, @)

Trong d6 Dy 12 dudng kinh dai ¢; 7 13 gbc nang truc vit; ¢ 1a gbc ma sat lan thay thé. Mit khac, dé
tinh mé men giam chan do MRF géy ra chiing t6i gia dinh ring van tdc luu chit trong khe MRF dugc phén
bd tuyén tinh va MRF tng xtr theo m6 hinh déo Bingham. Do d6, déc tinh luu bién cia MRF ¢ thé dugce
xac dinh bang cong thure sau [13]:

rQ
TET 3)

g
Trong d6 7 1a g suit cat ctia rinh MRF, 7, 1a g suat chay déo ciia MRF, 7 1a d6 nhét sau chay
déo cua MREF, r 1a ban kinh tai 16p MRF dugc xem xét va #, 1a kich thudc khe hd ciia MRF. Ung suét sau
chay déo (7, ) va dd nhdt sau chay déo (7 ) cia MRF phu thudc vao tir truong ap dung 1én khe MRF va
duoc tinh bdi cong thirc thyc nghiém sau [13]:

Ty =Ty +(Ty0 — Ty )28 777 — 7277

“)
=110+ (190 —17.)(2e777 —e**) (5)
Vi vdy, md men giam chan ctia bd giam chan dé xuat dugc tinh bang:

Ty = Tur + 2T, + 275 (6)
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Trong d6 Twr, Tis, va T lan luot 1d mé men ma sat gy ra boi MR, phét chian MRF va  lan, trong nghién ctru
nay do dung 0 ldn nén ma sat cua 6 lan nho nén bo qua.
Cac thanh phan mo6 men ma sat trong phuong trinh (6) dugc xac dinh theo [13] nhu sau:

RQ

g

Tur = 27Z-R32ch-yc +1e (7)

T, = 0.65(2R;)" Q" ®)

Trong d6: ban kinh ngoai cia cum 13i tir ¢d dinh trén banh da 1a R;; chiéu dai cum 13i tir 13 L.; g suat
va d0 nhot sau chay déo cua MRF lan luot 18 z,., 7. ; vén toc goc cia banh da Q (rad/s) phu thudc vao van
tdc clia tryc vit trong qua trinh chuyén dong 1én xudng.

4 KET QUA TOI UU HOA CUA GIAM CHAN SMRB

Trong phan nay, nhom nghién ctru giai quyét van dé t6i wu hoa giam chin SMRB chu yéu tép trung vao hai
yéu t6 chinh do la: lyc giam chz”in va kich thudc tong thé cia SMRB. Muc tiéu la tang lyc giam chan dé dap
g cac yéu cau trong thuc té. Tuy nhién, lyc giam chdn (F,) chiu anh huong dang ké bai cac thong s6 hinh
hoc ctia bd giam chén. Vi vay, bai toan t6i wu hoa nham muc dich diéu chinh cac tham s hinh hoc nay dé
dat dugc luc giam chdn mong mudn dong thoi mudn dat khéi lwong cia SMRB nho nhit (M) va chi phi
san xuat thip nhat. Piéu nay lién quan dén viéc giam thiéu khdi lugng trong khi thay ddi cac thong s6 hinh
hoc ctia bd giam chan SMRB dé dam béo luc giam chan dap ing theo yéu cau da dua ra. V& mit toan hoc,
ham muc ti€u va céc rang budc dugc biéu dién nhu sau:
Ham muc tiéu:
OBJ, =M, =V, 0y +V. o, +V, 0, +V, 0, +V.0. V0, + Vo P Vo Po

Véi rang budc: F,>F,

Trong d6 Vp, Vs, Vi, Vi, Ve, Vi, Vir va Virg 1an luot 14 thé tich ctia banh da, vach ngin cach, cuc tir, dng
lap cudn day, cudn day, than v, vit me bi va MRF cua giam chan SMRB; P1s P Py Pys Por Prs Prs» Pak lan
lwot 1a khéi lugng riéng ctia mat d§ ctia banh da, vach ngan cach, cuc tu, 6ng lép cudn day, cudn day, than
v0, vit me bi va MRF cua giam chan SMRB.

Trong nghién ctru ndy, luc giam chan yéu cau (F4) duge chon 1a 2000 N vi luc giam chén t6i da ciia bo
giam chan thong thudng & mau 6 t6 thuong 1a 2000N [14]. Ngoai ra, cac gia tri kich thudc hinh hoc ciia bd
giam chian SMRB duoc chon 1am bién thiét ké (DV) cho bai toan t6i wu héa ctia bd giam chin SMRB d6 1a
kich thugc cua banh da (#), cuc tir (4, £1), dng ga cudn day (ts, Ly1, Ly2, Lom, Lpo), cudn day (we, &) va than
Vo (th), 161 (Li, Lo, L1, Ln), ng ga cudn day (f, L), khe ho MRF (z,) va bé day ngan tir (L,). Diéu quan
trong can luu ¥ 1a kich thude khe hé cia MRF cang nhé thi mo men ma sat cang 16n. Diéu nay ciing dan
dén luc giam chén 16n hon. Tuy nhién s& dan t6i viéc ché tao mo hinh thyc té tré nén kho khin hon va doi
hoi do chinh xéac cao trong qua trinh gia cong. Vi vay, ching t6i xem xét va lya chon kich thudce khe ho
MREF (,) nam trong khoang tur 0,8 dén 1,5 mm. Ngoai ra, dé tao diéu kién thuén loi cho qué trinh ché tao
mé hinh d& xuét, cac tham sb thiét ké bi rang budc nhu sau: L; = Lo, L,1 = Lp».

Viéc giai quyét van dé t6i wu hoa di c6 nhidu k¥ thuat khac nhau dugc 4p dung va phat trién, bao gom
cac phuong phap nhur Newton, Newton-Raphson, Penalty, phuong trinh bac hai va giam d doc. Pang chii
¥, phuong phap t6i wu bay dan (PSO) ndi bat vé tinh hiéu qua cua no trong cac giai phap t6i wu toan cuc
thong qua cac thiét 1ap ban ddu don gian. Diém manh cua PSO nim & viée sir dung cac thuét toan don gian,
gitip giam dang ké chi phi tinh toan lién quan dén b nhé va thoi glan xu ly. Phuong phap nay ldy cam
hirng tir cac hanh vi bay dan tu nhién dé kham pha giai phap khong gian, nham t6i uu hoa céc sb lidu chinh
nhu Pbest (c4 nhan t6t nhat) va Gbest (toan cuc t6t nhat) [15]. Trong nghién ctru nay, PSO di dugc trién
khai trén nén tang phin mém MATLAB va dugc tich hop v6i phan mém ANSYS APDL, qua d6 thu dugc
két qua t6i uu. Dé ' glal quyet van d t6i wu hoa & trén, can xac dinh cac bién thiét ké dau vao nhu da dé cap
& trén, ciing véi s 1an lap t6i da (imax=100) va kich thude tong thé (po,=50). Ngoai ra, cong viéc quan trong
1a phai xdc dinh céc h¢ so gia tc cua ca thé (¢)) va bay dan (c2), cting nhu h¢ s6 quan tinh (w), 1a cac yéu
t6 dé dat duoc su hoi tu nhanh hon. Do d6, hé sb co thét cua t6i wu hoa bay dan do Clerc va Kennedy dé
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xuit s& dugc 4p dung trong nghién ctru ndy dé ting cudng kha ning hoi tu. Cach tiép can hé sb co thit duogc
xac dinh nhu sau [16]:

6 =2k /2= p=\#" —4g| ©)

Voik=1, ¢p=¢+¢,¢>4,4 =¢ =205, c.=gp,c2 =ggr,Vad w=g

1.8 ;
Mass (kg) {2184
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16 1
q214z
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w ; =
= i =
; 1 [=%
1.2 4 :
42058 §
1.0 1 ]
u\-\_,_h,—/‘—"_,h.__ 208
0.8 . . . ; : i L —
10 20 30 40 S0 60 70 80 80 100
lteration

a) Két qua toi uvu cua My va Fy
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b) Phan bé mat do tir thong cua giam chan SMRB ¢ mirc t6i wu
Hinh 4: Két qua t6i uu ctia gidm chan SRMB.

Can luu y rang cudn day duoc sir dung 1a day dong co kich thudc 24 gauge, duong kinh day 0,51 1mm,
dong dién ap dung cho cudn déy tdi da c6 thé 1én dén khoang 3 A. P& dam bao an toan trong qua trinh tdi
vu hoa va 1am viée thi dong dién cung cip cho cudn day duoc thiét 1ap ¢ mirc 2,5 A. Ngoai ra, ty 18 14p day
cudn day 1a 70% dugc chon cho thong s thiét ké cta bo giam chén SMRB va c¢6 tham khao nhiing thuc
nghiém trudce day, gia dinh ton that tir tinh 1a 10% dugc coi 1a ton that ning lugng trong bo giam chan
SMRB do cac yéu t6 nhu d6 tré va dong dién xody. Sau 100 1an lip khi chay t6i wu thi két qua tbi wu cua
bo giam chin SMRB thu dugc & 1an Idp thir 79 (Hinh 4a). Két qua cho thdy khéi lugng ciia by giam chan
SMRB giam dang ké & mirc t6i uu (0,9062 kg) so v6i khdi lwong ban du cia né (3,07 kg). Pong thoi, luc
giam chan & muc tbi uu dat 2000,62 N, thoa man diéu kién bai toan t6i vu do 1a gia tri 1on hon hodc br:ing
2000 N. Luc giam chan (2000,62 N) duoc cai thién dang ké so voi két qua & cac gia tri DV ban dau
(358,93N). Hon nira, luc ngoai trang thai (Fu), 1a luc ma sat khi khong bi anh hudng boi tir truong 1a 80,2
N. Hinh 4a va 4b mo6 ta muc ti€u va rang budc ciing nhu mat do tir thong ctia bo giam chdn SMRB tai mirc
ti wu twong Gmg. M4t do tir thong tdi da trong khe MRF & mirc téi wu c6 thé dat dugc 14 0,595 (T). Ddng
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thot, chiéu dai va ban kinh 15i tir cta giam chdn SMRB lan luot 1a 54,3 mm va 31,5 mm. Két qua Bang 1
trinh bay tém tat vé cac thong s6 hinh hoc va hiu suat t6i uu ctia b gidm chan SMRB dat dugc.

Bang 1. Két qua tdi uu hoa ciia giam chin SMRB.,

Bién thiét ké (mm) Hicu suat
=8;6,=2;1,=0,8; t,;=2; t,=1,5; he=3,1; t,=2; 5451;20083,66221(1\;
= 1,55 L= 1745 L= 3; Lyn=23,1; k=3,48; L, =8 Fam 802 N

5 KETLUAN

Trong nghién ctru nay, mét b giam chan MR dang méi duoc dé xuat de thay thé cac b giam chan MR
truyén théng, nham tang cuong tinh linh hoat trong chuyén dong tinh tién va chuyén dong xoay dong thoi
giam lyc can tir ban dau ciia chung. Sau khi xem xét cac tai liéu nghién ciru lién quan va xac dinh diém
manh va diém yéu cta chiing, chiing t6i da dwa ra cdu hinh cho bo giam chin MR méi d¢é giai quyét nhiing
thiéu sot trén. Sau d6, viéc thiét ké va mo hinh hoa b6 giam chan SMRB di duoc tién hanh. Bang cach sir
dung phan tich phan tir hiru han, ching t6i da tdi uu hoa thiét ké b giam chin SMRB thong qua tich hop
MATLAB va ANSYS APDL béng phuong phap t6i wu hoa bay dan (PSO) dé thu dugc két qua t6i wu. Két
qua t6i wu hoa cho thay luc giam chan cuc dai 1a 2000,62 N va khoi luong cua no6 tuong ddi nho & mirc
0,9062 kg. Huéng nghién ctru trong tuong lai véi muc tiéu 1a ché tao nguyén méau dé thir nghiém nham
danh gia mdi quan hé giira dong dién va luyc giam chin cua bd giam chdn SMRB duogc dé xuit. Ngoai ra,
bai toan tdi wu hoa da muc tiéu s& dugc xem xét dé nang cao hiéu suit hoat dong cta bo giam chin SMRB
trong twong lai. Hon nita, mot bo diéu khién s& duoc phat trién dé diéu khién va danh gia kha nang phan
hdi ctia chiing trén mau xe hoi. Nghién ctru nay s€ gop phan vao qua trinh thlet ké va t6i wu hoa bo giam
chan SMRB, din dén nang cao hiéu suit giam chin va tmg dung trong thuc té rong rai hon.
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DESIGN AND OPTIMIZATION OF A NOVEL DAMPER USING
MAGNETORHEOLOGICAL FLUID AND BALL SCREW MECHANISM FOR
AUTOMOTIVE APPLICATIONS

LE HAI ZY ZY'!, NGUYEN QUOC HUNG!, DIEP BAO TRI'"
Faculty of Mechanical Engineering, Industrial University of Ho Chi Minh City
Corresponding author: diepbaotri@iuh.edu.vn

Abstract. This study presents a novel design of a damper utilizing magnetorheological fluid (MRF) for
automotive suspension systems, aiming to enhance damping force compared to previously studied MR-
based dampers. The proposed damper integrates the principles of a ball screw and magnetorheological brake
to convert rotational motion into linear motion. In this research, prior studies relevant to the topic are
reviewed and analyzed. Subsequently, the design and modeling of this new damper is carried out using the
Bingham plastic model and the finite element method (FEM). Mathematical models will also be developed
to calculate the damping force and friction torque of the proposed damper. To achieve the required damping
force at the lowest production cost, the particle swarm optimization (PSO) method is applied to optimize
the design of proposed MR damper. The optimized parameters are then used to fabricate a prototype and
test its practical performance. The experimental results are compared with simulation data. The novel
magnetorheological fluid damper offers an efficient solution for vibration control across various
applications, including automotive systems, machinery, and buildings. Ultimately, this research aims to
deliver improved damping performance and foster widespread practical applications.

Keywords. Magnetorheological fluid, MR damper, Ball screw mechanism, PSO.
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