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Tém tit. Myc tiéu ctia nguyén ciru nay 1a thiét ké va danh gia kha ning phan hoi cua can diéu khién 3D
phan hdi lyc st dung ba phanh MRF (Magnetorheological fluid) théng qua co cdu khung xoay. Sau khi
tong hop cac nguyén ciru ¢ lién quan vé hé thong phan hdi luc st dung luu chit MRF, mét cdu hinh cia
can diéu khién 3D phan hoi luc 1a dugc dé xuét trong nghién ctru nay. Cau hinh cua can diéu khién 3D phan
hdi lyc bao gdbm ba phanh MRF duoc két hgp vudng goc voi nhau théng qua co ché khung xoay 3 chidu dé
tao ra luc phan hoi cho timg chuyén dong theo cac phuong X,Y, Z. Sau do, tac gia di thiét ké mo hinh phanh
MRF cho h¢ phan héi luc 3D di duoc dé xuat dya trén mé hinh déo Bingham va phuong phap phan tir hitu
han. Dé giam khdi lwong ciing nhu 1a chi phi ché tao cho cac phanh MRF, bai toan tdi wu héa don muyc tiéu
cho phanh MRF dugc thuc hién bang phuong phap PSO (Particle Swarm Optlmlzatlon) Trén co so cac két
qua t6i wu nhu thong sé hinh hoc t6i vu cia MRB dé thiét ké mo hinh can diéu khién 3D phan héi luc va
ché tao rdi sau d6 tién hanh thuc nghiém dé kiém tra luc phan hoi. Tir d6, nghién ctru ndy s& mé ra cho viée
nghién ciru phan hoi lyc trong linh vuc diéu khién tir xa cu thé c6 thé ap dung cho hé thong Master — Slave
sau hay.

Tir khéa. Phan hoi lyc, can diéu khién 3D phan héi lyc, PSO, phanh MRF.

1 GIOI THIEU

Trong nen cong nghiép hoa va hién dai hoa, viéc u’ng dung diéu khién tir xa dong vai trd quan trong trong
cudc song hién nay nhu cac robot lam viéc trong moéi truong doc hai (6 nhiém, phéng xa,...) hodc cac moi
truong khic nghiét (ngoai khong gian va dudi bién). Mot hé thong diéu khién tir xa co ban bao gdém hai co
cau chinh 1a co cau chu dong (Mater) va co ciu bi dong (Slaver). Tuy nhién, hé thong diéu khién tir xa con
sot mot sd thong tin quan trong trong qua trinh van hanh d6 chinh 1a luc va mé men phan héi (luc tac dong
& khau cubi cia co cau bi dong) dé cho ngudi didu khién co6 thé diéu khién duogc luc tac dong mong muodn
cing nhu 1a lam giam di d6 chinh xac va tinh linh hoat cua hé thdng. Bén canh d6, trong nhitng nim gan
day da c6 rat nhidu nghién ctru, phat trién va tmg dung cac vat liéu thong minh, dic biét 1a luu chét tir bién
(MRF — Magnetorheological fluid). Khi ma dudi tac dung ciia tir truong, MRF thay ddi co tinh rat nhanh
tur trang thai long thanh trang thai ran va nguoc lai. Do d6, v6i dic tinh dic biét ndy, MRF trd thanh mot
vat liéu tiém nang cho nhig tng dung nhu ly hop, phanh, b6 giam chan,...[1-3]. Bén canh do, trong nhiing
nam gan day da c6 mot so nghién ctru thuc hién va phat trién vé hé théng phan hdi luc st dung co ciu chip
hanh bang luu chit MRF. Kim va cac cong su di thiét ké va ché tao ban tay xtc giac (haptic hand) 5 DOF
sir dung cac phanh tuyén tinh MRF dé cam nhan dugc luc phan hoi tir cac dau ngon tay [4]. Két qua cho
thdy rang ban tay xtc gidc nay c6 thé phan anh cac luc can thiét 1én cic ngon tay ciia ngudi van hanh (8N).
Tuy nhién, luc ban dau (luc tai thoi diém dong dién bang 0) ciia cac phanh MRF con khé cao, khoang 2N.
b6 ciing chinh la thach thirc 16n d6i v6i hé thong phan hoi Iyc dé phan anh lyc thyc té cho ngudi van hanh
c¢6 thé cam nhan. Winter va Bouzit da nghién ctu va ché tao thanh cong mdt ging tay xuc giac 5 DOF
(haptic glove) bang cach str dung 5 phanh MRF tuyén tinh [5]. Két qua thuc nghiém cho thay rang lyc t6i
da cua cac phanh MRF tuyén tinh 1én dén 6N. Tuy nhién, han ché cua hé thdng nay 1a luc ban dau con kha
cao, khoang 1.5N va kich thudc cta cac phanh MRF tuyén tinh nay con kha 16n 50x12x12mm. C. Bullion
va H. Gurocak d thuc hién nghién ctru vé mét ging tay xac giac 3DOF sir dung 3 phanh MRF xoay dé tao
ra lyc phan hoi tir cac ngo6n tay [6]. Kich thuée chung ctia phanh 1a D = 25mm va L = 15mm va luc t6i da
& cic dau ngon tay co thé dat t6i 17N. Li va cac cong sy da nghién clru vé can diéu khién 2DOF phan hoi
lyc sir dung 2 phanh MRF quay [7]. Két qua thyc nghiém cho thdy ring m6 men mo men sinh ra ctia phanh
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dao dong tir 0.5 dén 6Nm. Tuy nhién, Kich thudc tong thé ciia hé théng phanh MRF sir dung trong nghién
ctru nay 1a con kha 16n, D = 156mm va L = 19mm va mé men sinh ra cta phanh dao dong tir 0.5 dén 6Nm.
Thém vao do, Nguyén Quéc Hung va céc cong su da thuc hién mot sb nghién ctru vé hé théng phan hoi luc
sir dung co cdu chap hanh bang MRF [8-10].

Dé 1ap day nhitng thiéu s6t trén cua cac nghién clru trude va tmg dung tiém nang ciia MRF vao trong nghién
clru nay, chiing toi tap trung vao viéc gidi thidu va phat trién mot can diéu khién 3D phan hoi luc sir dung
ba phanh MRF m&i, hé thong nay dong vai tro nhu 13 mot co ciu chu dong (Master) nhu da dé cap. Vé bd
cuc bai bao, sau khi tdng hop va phan tich cac nghién ctru co lién quan, cau hinh méi cta can diéu khién
3D phan hdi luc sir dung 3 phanh MRF xoay va dong thoi cau hinh ciia phanh MRF s& duoc trinh bay trong
phan 2. Sau d6, md hinh toan ctia phanh MRF dua trén mo hinh déo Bingham va phuong phap phan tir hitu
han s& duoc trinh bay. Dong thoi, dong hoc ctia can diéu khién 3D ciing s& duge trinh bay trong phan 3.
Cubi cung, bai toan téi hoa ctia phanh MRF s& dugc thuc hién bang phuong phap PSO nham dé giam két
céu cho phanh MRF da dugc dé xuat nay.

2 CAUHINH VA NGUYEN LY HOAT PONG

2.1 Céu hinh va nguyén Iy hoat dong ciia cin diéu khién 3D

Trong phan nay, cdu hinh cta can didu khién 3D phan hdi luc 1a duoc dé xuit va dugc thé hién ¢ Hinh 1.
C6 thé thy rang can diéu khién 3D phan hdi luc nay sir dung ba phanh MRF (MRB1, MRB2, MRB3) nham
dé tao ra lyc phan hoi cho timg chuyén dong xoay ciia mdi truc mong mudn (X,Y,Z). Tir hinh 1, ¢ thé thay
rang MRB1 va MRB2 s& duoc két ndi v6i co cAu khung xoay ¢ bén trong va MRB3 s& duoc gin & giita bo
phan khung xoay (gimbal mechanism) va khung (frame) ciia can diéu khién. Bé ma c6 thé xac dinh dugc
vi tri ctia nGm diéu khién thi cac cam do bién goc (encoder) duoc sir dung tai tai timg truc va chiing dugc
lép dat nhu trong Hinh 1. Sau d6, c6 thé xac dinh dugc canh tay don ctia hé théng thong qua viéc xac dinh
vi tri ctia niim diéu khién. Do d6, c6 thé xac dinh lyc phan hoi tai nim diéu khién theo ba phuong X,Y,Z
bao gom 1a F1, F2, F3 ¢6 thé thu dugc thong qua md men ma sét sinh ra boi ba phanh MRF twong mg. Dé
kiém tra cac lyc phan hdi d6 thi cam bién luc 3D 1a duge sir dung va dugc gin ¢ giita nim diéu khién cia
can diéu khién va MRB3. Hinh 2 thé hién pham vi lam viéc cta can diéu khién 3D. Luu y rang pham vi
hoat dong cua can diéu khién quay quanh truc X 12 +65° va Y 12 +£57° va trong khi do, truc Z xoay 360°.

Num
Cam bién
Iwc 3D

Co cau
Gimbal

MRB1

Hinh 1: C4u hinh cta can diéu khién 3D phan hdi lyc.
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a) Pham vi hoat dong cuia can diéu khién quanh truc X b) Pham vi hoat dong ctia can diéu khién quanh tryc Y
Hinh 2: Pham vi hoat dong cua can diéu khién quanh truc X va Y.

2.2 Céu hinh va nguyén 1y lam viéc phanh MRF

Trong nghién ciru nay, phanh MRF c6 rotor dang ring duoc g dung cho hé thong can diéu khién 3D phan
hdi luc d duge dé xut ¢ trén. Hinh 3 biéu din cu hinh va cac thng sé hinh hoc ciia phanh MRF ¢ rotor
dang hinh rang. Vé mit ciu tao cia phanh MRF, dia phanh dugc lam tir vat li€u tur tinh va duogc gén g trén
truc quay dugc lam tir vat liéu khong tir tinh, chung dugc dét ¢ bén trong vo phanh. Khe ¢ gitta dia phanh
va vo phanh s& duoc lap ddy bang luu chit MRE. Dé tao ra tir trudng tac dung 1én luu chit MRF va 1am
thay d6i co tinh cia MRF trong qua trinh van hanh cta phanh hai cuén ddy duoc dit & mdi bén vo phanh.
Luu ¥ rang hai dong dién nguoc chiéu dugc cip vao mdi cudn diy nhu trong Hinh 3.

R

Rs

t;

Hinh 3: Cu hinh va théng s6 hinh hoc ctia phanh MRF.

2.3 Phan tich mach tir ciia phanh MRF

Phén tich mach tir cia phanh MRF c6 rotor dang rang dugc thyc hién bang phuong phap phan tur hitu han
(FEM) dugc tich hop trong phan mém ANSYS. Mo hinh phan tir hiru han sir dung phan tir d6i Xung tryc
(PLANE 13) trong phian mém ANSYS APDL dé thiét 1ap mach tir cho phanh MRF d3 dugc dé xuét va
mach tir cia phanh MRF dugc thé hién & Hinh 4a. Luu ¥ rang d6 tir tham 1.0 (twong tng véi d6 tir thim
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cua khong khi) duoc str dung cho cac by phan MRB nhu tryc (inoX) va cudn day (lam bang dong) trong khi
dac tinh tir ciia cac b phan tu tinh (nhu vo va dia) dugc sir dung dua vao du’(‘mg cong B-H cua vat li¢u thép
C45. Bén canh d6, duong cong B-H dai dién cho dic tinh tir cia MRF dugc thé hién ¢ cong thirc sau [11]:
B =1.919p"** [l— exp(-10.97p,H) + p,H ] 1)
Trong d6, B (Tesla) 1a mat do tir truong va H (A/m) 14 cuong d6 tir trudng; do tir thdm cua chan khong
lap, =4m.10" TM/A; @ 1a phan tram thé tich ciia MRF.
Hinh 4b va 4c cho thay cac duong stc tr va mat do tir truong trong mach tr phanh MRF ¢ cac gia tri bién

thiét ké ban dau ngiu nhién dugc mo phong bang phin mém ANSYS
APDL.

HH H3
[+ M
i
1
HH T
1 98

a) Mach tir ctia phanh MRF b) Phan bé dudng st tir trong mach tir phanh MRF

.56978 1.14 1.70¢ 2.279
.284891 .854672 1.424 1.994 2.5¢64

) Mat d¢ tur truong cua phanh MRF
Hinh 4: Phén tich mach tir ciia phanh MRF.

.638E-15

3 MO HINH TOAN CUA PHANH MRF VA PONG HQC CUA CAN PIEU KHIEN 3D

3.1 MO0 hinh todn ciia phanh MRF

Gia st ré“mg, MRF hoa’t d@qg luu bién dya trén md hinh déo Bingham va véan tde trong khe hé MREF cua
phanh MRF la phéan bo tuyén tinh. Dya trén mé hinh déo Bingham cua MRF, déc tinh luu bién cia MRF
dugc xac dinh bang cong thie sau [12,13]:
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rQ
T=1, +HF 2

Trong do, Tlatng sut trugt gitra cac lop lién ké cia MRF; T,Vap lan luot 1a ung suét trugt va do nhat
ciia MRF; r va d 1a ban kinh ctia cac phan tir vong va kich thudc cua khe hd MRF; Q 1 toc do cua truc
quay.

Do d6, cong thirc md men diu ra ctia phanh MRF tir Hinh 3 1 duoc x4c dinh bang cong thic sau:

szz( > T+ Y T.,—+Ts}+Tc (3)

i=0,2,4,6,8,10 j=1,3,5,7,9
Trong d6, Tila md men ma séat gy ra trén doan khe ho thang Li; Tjj 1a mé men ma sat gy ra trén doan
khe ho nghiéng Ij; Tc la m6 men ma sat gdy ra trén doan mat try ngoai gilta dia va mat trong vo phanh. Ts
1a m6 men ma sat cua lip-seal. Bén canh do, gia sur ring md men ma sat cta 6 lan 1a khong dang ké trong
co ciu phanh MRF duoc dé xuit.
Céc md men ma sat thanh phanh ctia phanh MRF (Tyi, Ty, Te, Ts) 12 duge xac dinh bang céc cong thirc sau:
[10,12,13]

4
T, ARGy (R g | 27 (R ~R?);i=0,2,4,6,810 (4)
2d Res 3

T =z7{Rfl +lezsin¢+§l3sin2¢]m

+;7w., Id (4R5 +6R?sinp+4Rj1*sin p+1°sin’ p); (5)
j=135,7,9

T. = 22R%brye + 1t QR (6)

T, = 0.65(2R.)* Q) @)

Trong d6, Riva R; lé}n lugt la ban kinh trong cua cac phan tir i" va j" bién dang cua dia phanh dugc thé
hién ¢ Hinh 3; | vag lan luot la chiéu dai va goc nghiéng trong khe hd MRF cua phanh MRF; Rs la ban
kinh trong cua lip-seal; zyii, 7yij, 7yc 1an luot 14 tng sut trugt cia MRF trong khe ho MRF doan thing, doan
nghiéng va mit tru Ngoai; u., i 1 1an luot 13 d6 nhét cuia MRF trong khe ho MRF doan thang, doan
nghiéng va mit tru ngoai. ) ’ )

Trong nghién clru nay, Gng suat trugt (t,) va d6 nhot cia MRF thong s6 luu bién quan trong ciia MRF,
chung phu thudc vao mat do tir truong tac dung 1én MRF va duoc xac dinh bang cong thirc sau [9]:

Ty =Ty +(Ty0 = Ty )(ze‘B“’v — g 2Bay ) 8)

p= e+ (pto — pa.) (2675 —e 2% ) 9)

Trong d6, ing suat truot va do nhdt cia MRF tai thoi diém chua ¢ tir truong tac dung 1an luot 14 7,0, o ;
(g suat trugt va do nhét ciia MRF tai thoi diém b&o hoa tir 14 7., 2, ; B 1a mat do tir truong tac dung lén
MRF (T); a.,,a,lan luot 1a chi s6 bdo hoa tuong g véi ing suét trugt va do nhét cia MRF. Thém vao
d6, MRF duoc st dung do hiang LORD sin xudt va c6 cac thong sd tir bién nhu sau [9]:
o =0.1pa-s; . =3.8pa-s; a., =2.9T ;a, =4.5T %, 7,, =15pa; z.. = 40000 pa.
3.2 Pong hoc ciia can diéu khién 3D
Hinh 5 thé hién cac hé toa d6 1am viéc cua can diéu khién 3D. Gia dinh ring chiéu dai tir nim diéu khién
dén g6c toa do (goc giao gitta c4c truc cia MRB1, MRB2 va MRB3) la |. Va 6,6,,6; lan luot 13 g6c quay

cuia can diéu khién theo 3 truc X,Y,Z. Tir cAc gia thuyét trén, bang D-H (Debavit-Hartenberg) cua can diéu
khién 3D la dugc trinh bay ¢ Bang 1.
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Hinh 4: Cac hé toa do cta can diéu khién 3D.

Bang 1: Bang D-H cuia can diéu khién 3D

Frame(i) ai-1 a1 di 0;
1 0 -2 0 o
2 0 -l 2 0 0
3 0 -2 0 &5

Tir bang D-H, ma tran bién hinh ctia can diéu khién 3D 1a duoc trinh bay dudi dang cong thirc sau [14]:

T =0T x 2T x 3T (10)
c6 —-sbBco; SOso; @ -Cco
i s6 cBca; CcHsai @& SO ]
Trong do; ial = ;s =sin(); c =cos() (11)
0 Sa; Cai di
0 0 0 1

Vi tri cia nim diéu khién trong khong gian dugc xac dinh bang phuong phap dong hoc thuén nhu sau:
0 I cO:s6, —c6,ch,50;
(I) = IC&C?:;S(ZZS&S‘% ;s =sin(); ¢ = cos() (12)
1 1

_ Dua vao cong thue (13) co thé xac dinh mdi quan hé giita mé men va lyuc cta can diéu khién 3D phan
hoi lyc dugce dé xuat nay:

rp = 3T x

Tx Fx
Ty |=37(0)| Fy (13)
T, F
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Trong d6, J(6) 1a ma tran Jacobian ciia can diéu khién 3D theo goc @ ; Ty, Ty, T 1an lugt 1a mo men cua
can diéu khién 3D theo cac phuong tuwong tmg X,Y,Z; Fy, Fy, F; lan luot 1a luc cua can diéu khién 3D theo
cac phuong X,Y,Z.

[ 6I’p11 6I’p11 8rp11 |
06, 00, 06
J (9) — arpzl arpzl arpzl
06 00, 06
Opsr Ol Olpay : s =sin(); ¢ = cos() (14)
| 06 06, 06; |

|-(clct; +ch:5050;) |- (césérse) —l-(s6s6; + cécoCcos)
=|1-(c6:86, —cO.cH50;) |-(56:56,50;) |- (ceisbs —cHrCc:56,)
0 I (Cezses) |- c6;s6,

4 TOIUUHOA VAKET QUA TOI UU HOA
41  Baitoan tbi wu héa dit ra
Trong phan nay, bai toan ti ru hoa ciia phanh MRF s& duoc trinh bay dua vao hai muc tiéu sau: khéi luong
va md men sinh ra ciia phanh MRF. Can luu ¥ rang, trong thiét ké co cdu phanh MRF thi khéi lugng va mo
men phanh 1a hai myc tiéu quan trong trong qua trinh t6i uu héa nhung lai d6i nghich v6i nhau. Dé thoa
mén hai muc tiéu trén, khdi lugng phanh (M) s& dugce xem nhu 13 1am muc tiéu chinh ciia bai toan tbi uu
héa phanh MRF nay va dong thoi mé men phanh (Tb) s& bi rang bude phdi 16n hon hodc bang so v&i md
men mong mudn (Twr) dé dat dugc luc phan hdi mong mudn.

Ham muc tiéu: OBJ =my, =Vypa +Vhpn +Vmrpmr +Vepe +Vsps

Rang budc: Ty =Ty

Trong d6, Vu,Vh,Vir,VcVa Vs lan luot la thé tich cua dia phanh, vo phanh, MRF, cudn day va truc
phanh; py, pn, pvr VA o 1an luot 14 cac khéi lugng riéng cia vat lidu twong g da néu trén; Tor 1a Mo
men phanh déu ra yéu cau tdi da va dugc xac dinh tir lyc phan hdi mong muén t6i da nhu sau:

Tbr = Imax I:max (10)

Tu cong thire (10), Iuc phan h6i mong mudn tdi da (Fmax) dat duoc chon Ia 20N va chiéu dai ti da cua
can didu khién (lmax) 12 200mm duogc sir dung trong nghién ctru nay. T cac thong s trén ap dung cong thirc
0 phuong trinh (10) s& cho ra m6 men phanh mong mu6n t6i da 1a 4Nm, nhung chung t6i can nhic dén su
that thoat tir truong va do chinh x4c trong qua trinh gia cng, cho nén md men phanh diu ra mong muén
dugc chon 1a SNm trong nghién ctru nay.

Bén canh d0, cac bién thiét ké cua phanh MRF (DVs) duoc dé xuit bao gom: bé day dfa (ta), chiéu dai
va rng cua cudn day (We, he), ban kinh trong cua dia (Ri), ban kinh trong ctia rang (R1), bé day rénh nghiéng
(), bé day dinh ring (ty), bé day cua rang dudi (tw), khoang cach gilta cc rang (dv), chiéu cao cua rang (hy),
bé day ctia rang hinh chir nhat (t«), bé day cta thanh mong giita khe hd MRF va cudn day (tw), bé day cua
vo phanh (1o va t).

42  Phwong phap giai bai toan t6i wu héa

Dé giai quyét bai toan tdi uu héa don muyc tidu c6 rang budc trén, cé rat nhiéu phuong phap téi wu hoa hién
nay ching han nhu phuong phap Newton-Raphson, phuong phap Penalty, phuong phap ndi suy béc 2,
phuong phap Quasi-Newton, phuong phap Powell, phuong phap gradient lién hop (Fletcher-Reeves),
phuong phap béy dan (PSO),... Trong nhiing phuong phép da néu trén phuong phap bay dan s& gitip im
ra duoc gia tri tdi wu toan cuc ma chi véi cac diéu kién khoi tao don gian. Do do, phuong phap PSO s€ giap
giam duoc chi phi tinh toan va thoi gian tinh toan trong sudt qua trinh giai bai toan t6i uvu hoa. Phuong phap
PSO hoat dong dwa trén cac hanh vi va tap tinh bay dan clia loai chim ma kham pha ra mot khong gian tim
kiém méi dé dat duoc hoi ty (Pbest — Position best, Gbest — Global best) [15]. Phuong phap PSO nay dugc
thue hién trén MATLAB va két ndi v6i phan mém ANSYS APDL dé tim ra két qua t6i uu cho bai toan toi
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uu hoa da néu trén trong nghién ctru nay. Hinh 6 cho thiy so d6 giai thuat dé giai bai toan t6i wu hoa cho
phanh MRF bang phuong phap PSO.

Xac dinh céc bién thiét ké,
s& lwong guin thé, s6
vong lap t8i da ([qx)

Khéi tao cdc bién thit
k& ngau nhién

!

Tao mot file ddu vd tir cac
hi&n thi&t k& ngdu nhién

Cép nhat bién thét k& ANSYS

¥
.. | PSO |¢—‘ K&t qua
i=i+1 #

Khéi tao quan thé
[vi tri va vén téc cho
mbi ca thé)

S

imax: SO
vong lap
tdi da

Tinh ham muc tiéu
(Fitness), xac dinh gia
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Hinh 6: So d6 giai thuat dé giai bai toan t5i wu hoa ctia phanh MRF bang cach st dung phwong phép PSO.

bé giai bai toan t6i uru hoa trén bang phuong phap PSO can phai xac dinh cac thong sO quan trong sau:
cac bién thiét ké dau vao va s6 vong lap toi da (Iteratlon ima=100), kich thude cua bay dan (population size
=50) va cac hé sb tang tdc cua ca thé va quan thé (c; va C2), hé s0 quan tinh (W). Luu y rang h¢ s6 quan tinh
Ia thanh phan quyét dinh su hoi tu nhanh hay chdm cta bay dan. Do dé, phuong phap yéu to co lai ctia bay
dan (constriction factor) s& duoc 4p dung vao trong nghién ctru nay va phwong phap yéu t6 co lai ciia by

dan dugc trinh bay bang cong thirc sau [16]:
2k

. S—
‘Z—w—\icpz—‘lw
Trong do, k=1, @ =@, +¢2,p>4,¢ =@, = 2.05Va cac hé sd ting tc clia ca thé (C1) VA quan thé (cy):

CL =X Pr, G = %P2, W=7 [16].

(10)

43  Két qua téi vu hoa

Trong phan nay, két qua t&i uu hoa ciia phanh MRF s& duoc trinh bay va théo luan chi tiét. Cac vat liéu tir
tinh nhu 1a vo phanh, dia phanh 1a dugc lam tir vat liéu thép S45C va cac vat liéu con lai dugce lam tr vat
liéu khang tir nhu inox, nhom. Luu chat sir dung 1a MRF132-DG do céng ty Lord san xuat va phét chan
chén dau (Parker-62576) nhim muc dich ngan chan luu chat khi 1am viéc (MRF) bj ro ri ra ngoai. Tuy
nhién, kich thudc khe ho MRF cang nho dan dén mé men phanh cao nhung lai c6 mdt s6 nhuge diém nhu
lam giam hiéu suat ctia phanh vé ning lugng tiéu hao, nhiét d¢ cao va luc phan hoi ciia hé thong kém chinh
X4C (do md men ma sat ban dau cao). Thém vao do, kich thudc khe hd MRF nhé thi din dén chi phi gia
cdng cao va kho khin ché tao. Tir cac yéu t6 trén, dé tao thuén loi cho viée thiét ké va ché tao ciing nhu 1a
lam giam dugc cac nhugc diém trén thi khe hé MRF (d) duogc chon theo kinh nghiém la 0.8mm. Ngoai ra,
kich thudc cudn day dong 14 24-gauge véi dong dién lam viée t6i da 1a 3A va duong kinh 12 0.511mm duoc
sir dung trong nghién ctru ndy. Xét dén truong hop 1am viée an toan va 6n dinh, thi dong dién tbi da cp
cho cudn day trong qua trinh van hanh 1a 2.5A, trong khi xét dén viéc ton that tir va ty 1& quan day duoc
chon 12 0.7 va 10% dua trén kinh nghiém thuc nghiém. Tét ca cac thong s6 diéu 1a thong s6 khai bao quan
trong trong qua trinh giai bai toan tdi wu hoa.
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Sau lan lip 100, két qua téi wu cua phanh MRF hoi tu tai vong lip 10" 1a khdi lwong phanh
(My=0.6439kg) va md men phanh tai thoi diém tbi uu (t,=5.118Nm ). Hinh 7a, Hinh 7b lan luot cho thay
két quéa ctia ham muc tiéu (khéi lugng phanh MRF) va céc bién thiét ké (DVs) thay d6i trong sudt qué trinh
ti uu hoa st dung phuong phap PSO. Thém vao do, Hinh 7c cho thiy mat do tir trudng ctia phanh MRF
dugc dé xuat tai thoi diém t6i wu. C6 thé thay rang mat do tir truong qua khe ho MRF cua phanh MRF tai
thoi diém t6i wu 1a thap hon so véi mat do tir truong tai thoi diém cac bién thiét ké ngau nhién, nhung khoi
lwong phanh MRF (0.6439Kkg) 12 nhé hon so v6i khoi lugng ctia phanh MRF khi bién thiét ké dhu vao ngiu
nhién (2.735 kg) va mé men phanh tai thoi diém t6i vu (5.118Nm) 1a nhé hon so v&i md men khi cac bién
thiét ké dau vao nglu nhién (32.826Nm). Dong thoi mod men phanh tai thoi diém t6i wu (0.022Nm) 1a nhé
hon so véi mé men phanh tai thoi diém ban dau (0. 13Nm) Mic khéc, c¢6 thé nhan xét rang mat do tir truong
ctia phanh MRF c6 rotor dang hinh rang (v6i yéu cdu mé men phanh la SNm) la chua cho thy sy hiéu qua
1d vé mat do tir truong tai ving hinh rang trong phanh MRF. Tuy nhién, uu diém cua dang phanh MRF nay
1a ¢6 khdi lwong nho gon hon so véi cac loai phanh MRF cuing loai trong nhitng nghién ctru trudc (voi mire
mod men phanh la SNm) [8,13]. Tu do, dé ma c6 thé danh gia dugc murc do hi€u qua cua mat tir trudng tai
vung hinh réng trong phanh MRF nay can phai tang yéu cau m6 men phanh lén. Nhung can diéu khién 3D
phan hi lyc chi cin md men phanh t6i da 1a 5Nm dé dat duoc luc phan hoi mong muén. Do do, két qua t01
vu cua phanh MRF 1a thoa man didu kién dat ra cho bai toan t6i uu hoa nay. Cudi cing, Bang 2 s& tom tt
lai két qua t6i wu bang phuong phap PSO ciia phanh MRF st dung cho can diéu khién 3D phan hoi luc
duge dé xuit.

Particle swarm optimization - PSO
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a) Khéi lugng phanh MRF.
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¢) Mat d¢ tur truong cua phanh MRF.
Hinh 7: Két qua t6i wu cia phanh MRF.
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Bang 2: Két qua va thong s6 bién thiét ké tai thoi diém tbi wu.

Cic thong so bién thiét ké Cic thong so dic trung
te = 3mm; we = 2mm; he= 15.49mm; Khdi lwong phanh: my = 0.6439 kg
Ri=6mm; Ry = 9mm; t;i=2mm; t;, =2.5mm; M6 men ban dau: tyo = 0.022 Nm
tw = 2.49mm,; di = 6.49 mm; M& men phanh: t, = 5.118 Nm
he=2 mm; tx= 2 mm; Cong sudt tiéu thy dién: 17.197 W
tw= 0.5mm; t, = 2mm; t, = 2.43mm S6 vong quéan: 122
L =23.07mm; R = 33.79mm Dién tré cudn day: 1.375Q

5 KETLUAN

Trong nghién ctru nay, mét co cAu can diéu khién 3D phan hdi luc d3 duoce thiét ké nhu 13 mot co cAu chu
dong (Master) dung dé diéu khién cac co cdu bi dong (Slaver). Sau khi tong hop cac bai bao c6 lién quan
dén nghién va rit ra dugc diém manh va diém yéu cua cic nghién ctru trude co lién quan, ching toi da dé
xuit mot ciu hinh cua can diéu khién 3D phan hoi luc nhiam dé khic phuc nhimg thiéu sét ctia cac nghién
ctru trude. P& ma tao ra lyc phan hdi thi co ciu phanh MRF déng vai trd quan trong trong viéc tao ra luc
phan hoi, cho nén chung t6i tap trung vao viéc dua ra thiét ké phanh MRF méi duoc dé xuit sir dung cho
co cAu can diéu khién 3D phan héi lyc nay. Dua trén phuong phap phan tir hitu han dé thiét ké t6i vu phanh
MRF d3 dugc dé xuit biang cach st dung phuwong phap tdi wu héa PSO. Két qua tdi wu thu dugce cua phanh
MRF lan luot 1a khéi luong phanh (0.6439kg) va md men phanh (5.118Nm). C6 thé thy rang két qua tbi
vu 14 théa man bai toan tdi wu hoa dat ra va luc phanh mong mué6n. Thém vao do, dong hoc cua can didu
khién 3D ciing dugc trinh bay & phan 3.2. Hudng phat trién trong nghién ctru tlep theo, ché tao md hinh dé
thuc nghiém kiém tra két qua luc phan hdi, tim ra mdi quan hé gitra lyc phan hdi va mé men phanh.
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DESIGN AND OPTIMAL CALCULATION FOR THE 3D HAPTIC JOYSTICK
USING MR BRAKES

DIEP BAO TRI", VU VAN BO, NGUYEN QUOC HUNG
Faculty of Mechanical Engineering, Industrial University of Ho Chi Minh City
diepbaotri@iuh.edu.vn

Abstract. This research aims to create and assess the responsiveness of the 3D haptic system that uses three
MRBs (Magneto-Rheological Brakes) through a gimbal mechanism. A 3D haptic joystick configuration is
suggested after a review of relevant research on force feedback systems using MRF actuators. The gimbal
mechanism combines the three MRBs used in this 3D haptic joystick configuration perpendicularly to
create force feedback for each distinct rotational motion (X, Y, Z) of the suggested haptic system.
Afterward, The Bingham plastic rheological model and the finite element method were used in the design
and modeling of these MRBs for the 3D haptic joystick. Particle swarm optimization (PSO) method is
employed to tackle the objective optimization problem for MRBs in order to decrease the mass as well as
the manufacturing costs of the suggested MRBs. After having the optimal results, the 3D haptic joystick
model was built and evaluated the feedback force. Subsequently, the research of force feedback in the field
of remote control, which will be potentially applied to the Master-Slave system and popular in the future.
Keywords. Feedback force, 3D haptic joystick, PSO, MR brake.
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