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TOM TAT

Tu dong hoa la mot khia canh quan trong cua Cong nghiép 4.0 dé cai thién do
chinh x4c va ning sut. Dé danh gia hiéu qua va ning suit ctia qua trinh san xuét,
c6 mot s tidu chi can xem xét: tinh On dinh, thoi gian dap tmg, tiéu thu ning
lwong, than thién véi moi truong, chi phi va cong nghé... Tinh cip thiét ap dung
cong nghé 4.0 trong nhitng mdi truong lam viéc doc hai chang han nhu 16 phan
g hat nhan, phong thi nghiém hoéa chat doc hai, day chuyén san xuat va pha
ché thude trir sdu, chita chay, cac hoat dong chéng khung bd, bom min, va giai
phau y té. Hé thong robot didu khién tir xa di dugc phat trién dé giai quyét vn
dé nay. Mot trong nhitng hé théng d6 14 hé thong chu - té. Hé thdng nay giai
quyét cac van d& véi céac tin hiéu phéan hdi nhu vi tri, luc va md-men cua cic
thanh phan cudi cua hé théng diéu khién thu dong cho ngudi van hanh dé cai
thi€n do chinh xac va hoat dong linh hoat cua hé théng. Hién nay, céc vat li¢u
thong minh va mg dung cua chung dang phat trién rat manh mé& nhu Piezo,
Electrorheological Fluid (ERF), Shape Memory Alloy (SMA) va Magneto-
Rheological Fluid (MRF). Luu chét tir tinh (MRFs) 1a vat liéu thong minh duoc
mg dung rong rii cho hé thdng phan hdi lyc vi ¢6 nhing vu diém nhu dap tng
nhanh, tiéu thy ning lugng thap, tao luc va mé men 16n. Tuy nhién, trong cac hé
thong phan hdi luc sir dung MRF van con mot s ton tai nhu két cAu qué cong
kénh do co ciu tac dong dé xuit chua duge tdi wu hoa, luc ma sat & trang thai
chua duoc giai quyét. Vi vay, trong ludn 4n nay, tac gia tap trung nghién ctru va
phat trién cac co cAu méi c6 tinh nang MRF dé tao ra md men, luc co thé diéu
khién duoc, sau d6 dugc ap dung trong cac hé thong phan hdi luc. Luin 4n bao

gdm cac noi dung chinh sau:

e  Phat trién co cAu tac dong hai chiéu st dung MRF (BMRA) giam dugc
md men ma sat ban dau, giai quyét hién tugng thit nat ¢ chai so véi co
cdu BMRA tru6c day dé img dung cho hé thdng phan hoi luc.
e Tbi uu hoa cac thong sé hinh hoc cta ciu hinh BMRA dé xuit bang

phwong phap tdi uu First Order. Bén canh do, sir dung t6i uu hoa da




muc tiéu NSGA dé khao sat tinh uu viét clia cdu hinh dé xuét so véi
céu hinh da nghién ctru trude do.

e Phat trién hé thong joystick 3D phan hoi Iyc sir dung cac BMRA va
phanh MREF tinh tién (LMRB) duoc dé xuat.

e Xay dung mo hinh todn va cac bo diéu khién cho cic hé théng phan hoi
lyc dé danh gia kha nang cua hé thong.

e  Phat trién phanh sir dung MRF (MRB) vdi roto bién dang phirc tap dé
¢6 kich thuéc nho gon ap dung cho tay may xuc giac 3D.

e Phat trién tay may xuc giac 3D sir dung MRB biéng dang phirc tap va
LMRB.

ABSTRACT

Automation is a key aspect of Industry 4.0 to improve accuracy and
productivity. To evaluate the efficiency and productivity of the production
process, there are several criteria to take into consideration: stability, response
time, energy consumption, environmental friendliness, cost, and technology...
The urgency in the application of technology 4.0 is essential in hazardous
working environments such as nuclear reactors, toxic chemical laboratories,
pesticide production and preparation lines, fire fighting, anti-terrorism activities,
mines, and clearance Medical surgery. Remote control robot systems have been
developed to solve this problem. One of those systems is the master-slave system.
This system solves problems with feedback signals such as position, force, and
torque of the passive control system end components for the operator to improve
accuracy and flexibility operation of the system. Currently, smart materials and
their application have been developing very strongly such as Piezo,
Electrorheological Fluid (ERF), Shape Memory Alloy (SMA), and Magneto-
Rheological Fluid (MRF). Magnetic fluids (MRFs) are smart materials that are
widely applied to force feedback systems because of their advantages such as fast
response, low energy consumption, large force, and torque generation. However,
in the force feedback systems using MRF, there are still some shortcomings such




as the structure is too cumbersome because the proposed impact mechanism is
not optimized, the friction force in the state has not been resolved. Therefore, in
this thesis, the author focuses on research and development of new mechanisms
featuring MRF to generate controllable torque/ force, which is then implemented
in force feed-back system. The thesis includes following main contents:

o Development of a bidirectional MRF based actuator (BMRA) for the
feedback system. Force to provide a controllable torque in both
directions which can eleminate frictional torque, solving bottleneck
problems compared to previous BMRA mechanisms.

e Optimization of the geometricparameters of the proposed BMRA
configuration by the First Order optimization method. Besides, using
NSGA multi-target optimization to investigate the overall performnce of
the proposed configuration and compared to the previously studied
configuration.

o Development of a 3D-force-feedback joystick system using two of the
proposed BMRAs and a linear braking featuring MRF (LMRB).

e Constructing mathematic models and controllers for force feedback
systems to evaluate the system's capabilities.

o Development of MR brake (MRB) with complex-shaped rotor to
archieve compact size for a 3D haptic manipulator.

o Development of a 3D haptic manipulator featuring complex-shaped rotor
MRBs and a LMRB.




Chwongl. TONG QUAN

1.1 Gi6i thiéu vé lru chat tir bién. (MRF)
Luu chét tir bién 1a Iuu chat thay ddi cac tinh chét luu bién nhu d6 nhét, Gmg

sudt chay dudi tac dung cta tir truong. MRF di duoc Jacob Rabinow nghién ciru

tai Cyc tiéu chuan qudc gia Hoa Ky vao cudi nhitng nim 1940s [1]. Pac diém tir

tinh ctia luu chat tir bién bao gdm tmg suat chay déo, d6 nhét sau chay déo va do

lang dong [2, 3]. Tinh Iuu bién nay phu thudc vao cic tham s6 bién doi khac nhau

nhu ty trong hat tir tinh, loai hat tir tinh, mat d6 cac hat tur tinh, cuong do tu

truong, nhiét do, tinh chét cua chit long nén va loai chét phu gia [4].

1.2 Pic diém MRF.

1.2.1 Thanh phan chinh MRF. (Hinh 1.1)

= Hat tur tinh (1): hat cia MRF hi¢n nay =3
dugc sir dung nhu sit, hop kim sat, oxit

sat, nitrat sit, cacbua sat, sit carbonyl, : : _'
niken va coban [6, 7]. Kich thudc hat Leen .
tr tinh nam trong khoang 0,1-10 pm. Hinh 1.1 Thanh phén chinh MRF.

= Chét long nén (2): 1a dau silicon, dau khoang, dau parafin, dau thay lyc, chat
long hitu co nhu halogen, silic fluoride va dau hydrocarbon tong hop [7].

= Chit phuy gia: duoc thém vao nham lam giam su ling dong cua cac hat trong
MRF. Hién tugng ling dong nay s& lam giam hiéu suat caa MRF [8]
1.2.2 Nguyén ly hoat dgng MRF.(Hinh 1.2)

Khi MRF ¢ trang thai khong c6 tir truong di qua thi cac hat tir tinh chuyén
dong tu do va luu chit tng xir nhu lwu chat Newton. Khi MRF ¢6 tac dung cia
tu trudong bén ngoai vao thi cac hat tir Ti iruim dp dung
tinh s& gan két va sip xép lai voi nhau H““”‘”h *. % '“i ki“'
theo hinh dang phan b ciia duong sirc :... : .;
tr. Céc 1}@‘[ tu c6 kha niang chérrlg lai Sl:,l’ .l'. 'I. | 3 I '“
pha v lién két, lam cho Iuu chat sét lai. I;)inh 12, Che trang i MRF
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1.2.3 Cac ché d 1am viéc ciia MRF.

Theo nghién ctru [9] gdm bao gdm: ché do dong chay (valve mode), Ché do trugt

(shear mode) va Ché do nén (squeeze mode).

1.3 Tinh hinh nghién ctru h¢ théng phin hoi lyc hi¢n nay.

1.3.1 Nghién ctru trong nuorc.

- Tu Diép Cbng Thanh [10] nghién ciru hé tay may Master va Slave sao chép
chuyén dong diéu khién tir xa, viéc nghién ciru dirng tai sao chép chuyén dong.

- Nguyén Ngoc Diép [11] phat trién dé tai “Nghién cizu,thiét ké va ché tao mod
hinh tay may sao chép chuyén dgng va phan héi liec ” van ton tai mot s6 nhuoc
diém do van sir dung phanh MRF kiéu truyén théng.

1.3.2 Nghién ciru nwéc ngoai.

Li W. H cung cac cong sy [12] d4 dwa ra hé phan hoi luc joystick 2D voéi hai
phanh ding MRF. Cac phanh duogc sir dung van la cac phanh truyén théng va
viéc t6i wu hoa hinh hoc chua xem xét nén két ciu va ma sat ban dau con 1on.

Nguyen P. B va cac cong su [13] da thiét ké va ché tao co ciu joystick 2D
phan hdi lec st dung co cdu quay hai chiéu dung MRF. Tuy nhién van sir dung
kiéu quan day truyén thong din toi hién tuong that nit cd chai va viéc t6i uu hoa
hinh hoc chua duoc xem xét nén két ciu con kha In, mé men dau ra chi 1,2 Nm.
1.4 Két luan.

Thong qua cac nghién ciru trén, tac gia nghién cru va phat trién mo hinh va
g xit modi cia MRF cho co hé cia minh. Ddng thoi tién hanh phan tich, tinh
toan, t6i wu hoa cac thong sb hinh hoc véi rang budc cia hé théng va tién hanh
xy dung bai toan diéu khién dé dap g cho hé théng.

1.5 Muc tiéu nghién ciu.
1.5.1 Muyc tiéu chinh: hé thong phan hoi lyc dung MRF c6 kha ning:
- Phan hdi chinh xac luc 3D; giam thiéu téi da anh huong cua luc ma sat 1én
tay nguoi diéu khién; dénh gia kha ning dap wng caa hé thdng phan hoi huc.
1.5.2 Muc tiéu cu thé.
- Phét trién co cdu tac dong hai chiéu dung MRF (BMRA);
- Phat trién phanh MRF tuyén tinh (LMRB) c6 kha ning kiém soét lyc doc truc.
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- Phét trién hé théng phan hdi luc 3D véi su két hop cia BMRA va LMRB.
- Phét trién phanh MRF bién dang ring (MRB) v6i muc dich 1a giam khi lugng
va ting mbé men dau ra cho MRB.
- Phét trién tay may phan héi luc 3D dya vao su két hop cia MRB va LMRB.
1.6 Pham vi nghién ciru.
Hé théng phan hdi luc 3D; luu chat nghién ciru 1d MRF132-DG; toe do dicu
khién khoang 2 rad/s; bo diéu khién ap dung PID, SMC.
1.7 Phwong phap nghién ciru va cach tiép can.
- Phuong phap sé: dao ham bac nhat, NSGA-11, bo diéu khién PID va SMC.
- Péi tugng nghién ctru 1a cac co cdu tac dong ding MRF
- Céc két qua t6i uru va thuc nghiém duoc kiém tra tinh ding dén va do tin cay.
1.8 Tinh méi ciia dé tai.
Céc diém méi ctia nghién ctru nay so véi cac nghién ciru trudc:
- Phét trién co cau hai chiéu mai khic phuc hién twong that nat ¢ chai, bdo hoa
tir cuc bo, giam khdi luong co ciu so véi co cu cua tac gia Nguyen P. B [27].
- T6i wu cac thong sé hinh hoc cuia BMRA, MRB va LMRB vé6i myc tiéu 1a
khéi lwong nho nhit va diéu kién rang budc 1a mé men dau ra cua co cau
- Phét trién hé théng phan hoi luc 3D sir dung BMRA va LMRB da d& xuét.
- Phét trién tay may phan hoi luc 3D sir dung MRB va LMRB da dé xuat.
- Xay dyng md hinh toan cho hé théng phan héi luc 3D.
- Xay dung cac b diéu khién cho hé thdng phan hdi luc duoc dé xuét

Chwong2. COSOLY THUYET
2.1 Céc dic tinh co ban cia MRF.
- Dac tinh ter tinh ¢ink: tir tinh cia MRF kha nang cho phép tur thong chay qua
lwu chét, ddc trung boi do tir tham p. Vi quan hé [14]: B =pw.H  (2-1)
Trong d6 B la mat do tir thong, H 1a cuong d6 tir trueong.
- Ddc tinh d¢ nhét: chiu anh huéng boi hai yéu t d6 1a 6 nhét cua chit long
nén va mat do hat tir tinh. DAy ciing 1a mét trong nhitng thdng sb luu bién




dugc str dung dé xac dinh dic tinh wng xur
Phuong trinh d nhét: n, =1+ 2.5¢
Vi 1 12 d6 nhét twong dbi, ¢ 1 thé tich cua cac

cua vat liéu phi Newton [15].
(2-2)

chit hoa tan

= P¢ bén : sau mot thoi gian 1am viée luu chat ¢d thé mat di nhitng dic tinh ban

dau véi nhiéu ly do khac nhau chu yéu mai mon hat tir tinh.

2.2 M6 hinh toan ap dung cho MRF.
M® hinh déo Bingham [5]:
V6i 1: tmg suat cat; T, ang suat chay déo; Sgn

déo; y: tbe do cit cua luu chat.

T =1,(H)sgn(y) +ny
: ham dau; n: d6 nhét sau chay

(2-3)

Céc tinh chit Iuvu bién cia MRF duoc xac dinh bang cong thirc sau [5]:

Y =Y, + (Yo — Yo,)(2e75asy — e ?Pasy)

(2-4)

Y 14 thong s6 luu bién cia MRF nhu (mg suat chay (ty), do nhot (w)

Ty = Ty + (Tyo — Tyoo) (267 B%sty — @728ty

1= oo + (o — Hoo) (2875 %51 — e72B%u)

(2-5)
(2-6)

Gi4 tri cac tham s6 Y ¢6 xu hudng tir Yo dén gia tri bio hoa Yo, agy 12 chi sé mo

men b&o hoa caa tham sb Y; B 1a mat do tir théng
2.3 M6 men ma sat trong rénh MRF.
2.3.1 M6 men ma sat trén ranh mat dau (1).

Xét phanh dia don (Hinh 2.1), dia quay véi van

téc o (rad/s). M6 men duoc tinh nhu sau[16]:
2T peqR* R;\™T3 T 3 3
- (n+3)qtg [1 - (R_o) ] 0+ (R§ + R{)(2-7)
2.3.2 Md men ma sat trén mat tru ngoai (I1).
M6 men ma sét tai (II) duoc tinh [17]:

Ta = 2m. RgdeRO

2m

(2-8)
2.3.3 Md men ma sat trén rénh nghiéng.
Xét phanh MRF c6 bién dang dia gdm c6 ranh

Hinh 2.1. Két cdu dia don cia MRB

™ Vaphanh Cudndiy
True ‘ 1 . . o /
Phét |
chin ok |

nghiéng (l1, Is, Is) (Hinh 2.2). M6 men ma sat
trén rdnh nghiéng theo [17]:
T; = 21 (REL+ Ryl?sin® + > Psin®@) 7,

+§nu,i§(4Ri3 + 6RZIsin® + 4R;1%sin*@ + 13sin®*@); (i = 1,3,5)

MRF |

MRTF Dia

||
Hinh 2.2. K&t ciu clia BMR

(2-9)
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2.4 Luc ma st truwgt co cdu tuyén tinh ding MRF (LMRB).
Xét mot LMRB c¢6 cdu tao va théng sé hinh hoc co ban (Hinh 2.3). Khi d6 luc

ma sat trugt sinh ra boi LMRB dugc tinh [18]:
Fsq = 2m. uRsLv/ty + 2m. RsLt,, (2-10)

Véi Rs 12 béan kinh truc; d 1a kich thudc khe MRF; v 1a van téc tuong dbi giita

truc va vo; L 1 chiéu dai cia 6ng MRF; R 12 ban kinh LMRB.

2.5 M6 men ma sat giira phot va truc. / ‘
Dbi véi phanh (Hinh 2.1, Hinh 2.2)

thi md men ma sat dugc tinh theo [19]:

Tys = 0,65(2R)*w/?  (2-11)

Tst: m6 men sinh ra do ma sat ctia phot

véi truc (Oz —in); Rs1a ban kinh truc

Truc phanh
W Duong sic i
B8 Cudn day
Bac truwgi
\\ Thén phanh
Lt chdt MR
&| W Phot chan MRF

Hinh 2.3. Két ciu LMRB

(inch); @ 14 toc d6 quay cua truc (vong/pht)

Dbi véi LMRB (Hinh 2.3) st dung O-ring nén md men ma sat giita phdt va truc
dugc tinh theo [20]:  F,, = f.L, + fLA, (2-12)
2.6 Phuong phap giai bai toan tir tinh cia MRF.

2.6.1 Phwong phap giai tich.

Ching ta biét ring md hinh héa hé thdng dua trén MRF 1a di két hop phan
tich dién tir va phan tich hé thdng luu chat [21]. Mach tir ¢6 thé dugc phan tich
bang dinh luat Kirchoff tir tinh nhu sau: ¥, Hy Iy = Neyynsl (2-13)
Trong d6 Hy 1a cudng do tir truong trong lién két tha k ciia mach tir; I 1a d6 dai
hiéu dung cua lién két; Nwems 12 56 vong cua cudn day; | 1a dong dién &p dung.
2.6.2 Phwong phap phan tir hitu han.

Két hop phuong phap phan tir hitu han voi mo dun giai dién tir truong c6 san
trong phan mém ANSYS sé& gitp ta xac dinh dugc mat do tir thong di qua khe
MRF. Khi sir dung phuwong phap nay thi dé kiém soét tot viéc chia ludi theo mong
mudn, tac gia dung phin tir tr gidc cho tat ca cac phan tir (phan tr dbi xtimg truc
PLANE 13) ciia phan mém ANSYS.




2.7 Co sé phwong phap tdi wu hoa.
e Phuong phép giam d6 doc (Gradient Descent - GD) [22]
e Phuong phap giai thuat di truyén (Genetic Algorithms - GA) [23]
e Giai thuat di truyén sap xép khong vuot troi 11 (NSGA-11) [24]
2.8 Co sé ciia phwong phap diéu khién.
- Bo diéu khién PID (Proportional Integral Derivative) [25]
- Bo diéu khién SMC (Sliding Mode Control) [26]

Chuwong 3.  PHAT TRIEN CO CAU HAI CHIEU DUNG MRF
3.1 Co ciu hai chiéu dung MRF (BMRA).
3.1.1 Nguyén ly céu tao. o

y S

NN
N
\\\\\\\\\\\\\\\\

N

Trén co s BMRA cua Nguyen P. B [27] va
Nguyen Quoc Hung [35]. Nhém d& xudt hai g
phuong an cho BMRA & BMRAL 6 mot o tsl] “‘
cudn day & modi bén (Hinh 3.1), BMRA2 ¢4 hai
cudn day & mdi bén. V& cAu tao thi BMRAL1 va

..\\\

chin

BMRA2 hoan toan giéng nhau chi c6 BMRA2 Z%;/ e % e

duge b tri 2 cudn diy & mdi bén. Cac BMRA il Dia2
hoat dong nhu sau: tir dong co bén ngoai thong ~ Hinh 3.1. Keét cau clia BMRAI
qua hé banh ring s& din dong hai truc vao 1 va 2 quay ngugc chiéu, ma hai dia
dugc gin ¢b dinh trén hai truc dau vao nén dan t6i hai dia 1 va 2 ciing duoc quay
cung tde do nhung nguoc chiéu. Mot truc ra duoc gfm ¢ dinh v&i thin BMRA
s& 14y m6 men dau ra ciaa BMRA khi chung hoat dong.

3.1.2 M6 men dau ra cic BMRA:

BMRALl: Ty =T;-Ty,+Tgyq —Ty, (3-1)
Trong d6 Ty1: md men dau ra cia BMRAI1; T4, T 1a mo men sinh ra cua dia 1,
dia 2; Tgq, Ty: m() men ma sat gitra phat va truc 1, truc 2. Theo (2-7), (2-8):

- R* is R?

T, = M;? ci [1 ]|w1| +ﬂ(1e —R?)+%[l ]lel+ £MTyd1z (R3, — R%)
Tpg13Ry R 2mT |“’ IR

LTS d[l ) ]l 1|+ =22 (R — R%,) + 2mRGta (Tyara + Hara—y ) (3-2)




T RE Ri\* 2nt T oo RE 2nt
T, = Haz1ltc 1- _L o, | + del (Rfi _R?) " Hazz2Rco 1- (_ o, deZ (RS, a)
2t, 2t,
Tig3RS R 2MTyq |aJ IR
+% [1 CO ] |w,| + —2— y = (Rd - R?o) + 2”Rdtd(Tydz4 + Ugza— d) (3-3)
g
Tu’O‘ng tu ChO BMRA2 TOZ = le - sz + TSI - TSZ (3'4)
T 1R R
Ty = Hi1Rcin [1 ] o, + y11 (Rm _ Rl3) + T2 col[ ctl ]|(D1|
2t, Reix 2t, Reoq
2ntT s RE R Uy RE
n y12 (R%,, _Rgu) i HisBeip 1 _( col) o | + y13 (Raz _R3 ) 4 THaatteoz Hialico2 czZ | N
Ztg Rch 21: cuZ
2 R} Reo 2 |wq IR,
7TTy14 Rz — R31) + W#Zd [1 ( 2) ] lw | +— myls (R — R%:,) + 2mRt(Tare + a6 %) (3_5)
Tl R, ( R; )4 y21 3 ”ﬂzchm c11
Ty = 1- + R3, — R} + ——
dz Ztg Ral |(JJ2| ( cil 1) Zt Cal | Zl
2ntT TU,3R TUy4 R
y22 (Rcol m)+ #Z az[ col | L+ y23 c12 Rgm) + #224t 502[ czZ ]|0)2|
ch caZ
2n1y24

(Riy = Repr) + 72281 = (%22)"| o] + 2752 (R — RE) + 2R3t + oo 20 (3-6)
3.2 Thiét ké t6i wu cho cac BMRA : Ham muc tiéu cia BMRA (my)

my = Va1pa1 + VazPaz + VapPn + Vs1Ps1 + VsaPs2 + VurrPurr + Vepc (3-7)
Trong do6: Va1, Ve,
Vh, Va1, Vs2, Vrr,
Ve la thé tich cua
cac bo phan ciu | it gIL-|| |
tao nén BMRA “PLNS )
tuong tng do6 1a thé
tich cta dia 1, dia

2,Vo,truc 1, truc 2, Hinh 3.2. Két cdu BMRA1 Hinh 3 3. Két chu BMRA2
MRF va cudn day.

Reol| Ra

MRF1
MRF2—F
MRE3 4%

MRF4
MRF5

MRF6
%

Khéi luong riéng tuong tng d6 13 pa1, puz, ph, Pst, Ps2, PURE, e

- Bién thiét ké: tat cac théng s hinh hoc chu yéu cia BMRA.

- Piéu kién rang bugc: mé men dau ra cia BMRA Tp > 5 Nm

3.2.1 T6i wu hoa mjt muc tiéu. ,

Str dung phuong phép First Order (Hinh 3.4) Céng cu toi vu héa ANSYS sé&
chuyén d6i vin dé t6i uu hoa bi rang budc thanh van dé khong bi rang budc thong




qua ham Penalty (ham phat). Ham muc tiéu twong duong khéng rang buoc co
2L Y P () + X By (90) (3-8)

OB]Jo

phuong trinh: Q(x,q) =

Gid 1] thiét ké ban diu (DV)

Chay tip tin phan tich

Tinh todn him muc tiéu neong diwong
khéng bi ring bugc (Q)
)

‘ Tim DV hrimg vector ‘

OBJ 1a gia tri ham muc vai

- Trwrémg mé men ban diu
- Mt db tir teimg

- Mé men phanh

- Him myc tiéu OBJ

cac bién thiét ké ban dau; q l1a

tham s6 bé mit; Py 1a ham phat
cho bién thiét ké x; Pq 12 ham

Vong lip diu tién

(chiéu am cia Gradient ciia Q)

3

phat Penalty bién trang thai g Vi o g 0 e DY ‘
Vong lip {Thuit tedn Golden-Section)
tiép theo

Viéc chia ludi duoc xac
dinh boi s6 phan tir trén moi

duong thang, khi sé phan tur

H A X \ z Tinh todn gid trj méi inh todn ha 6 . ap t6i
duoc chia trén mai duong Ion L] | e s | | G |
Golden-Section) hong bi ring bude (Q
P

hon hoic bang 10 thi két qua \_{ B
md phong da hoi tu. Sai léch

khi tang ludi tir 10 phan tir 1én

12 phan tir chi khoang 0,2% dam bao dugc d6 hoi tu mong muén. M hinh phan
tr hitu han phan tich mach tir (Hinh 3.5). Ty 18 lip day cua cudn day duoc lay
bang 80%, trong khi ton that tir trudng duoc gia dinh 1a 10% duwa trén kinh nghiém
thuc nghiém. Ty 1¢ hoi tu cua t6i uu hoa duge dat 0,1%. Két qua phan b mat do
tir thong cia BMRA & muc t6i wu (Hinh 3.6)

Hinh 3.4, Luu dd tdi vu bing phuong phép First Order

BMRA_[27] BMRALI BMRA2
Hinh 3.5. M6 hinh phan tich mach tir cia BMRA

™ Tosy
736300
5 a
[ coesos__sous) N
e B :

BMRA_[27] BMRAL BMRA2
Hinh 3.6. Phin bd mét dé tir thong cia BMRA
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Két qua hoi tu cua cac BMRA (Hinh 3.7), vé6i To>5 Nm véi d6 chinh xac 2%,
s6 vong lap bang 40. M6 men xoan truyén tir dia 1 cao hon mot chdt so véi mod
men xoan dau ra (7,4% trong truong hop BMRA_[27], 13% trong truong hop
BMRAL1 va 7% trong truong hop cia BMRA2). Didu d6 cho thiy rang chénh
léch md men xo0én truyén cua BMRA_[27] nho hon BMRA1 do BMRA [27] ¢6
st dung bo phan cach tir. Bbi vai BMRA2 khong c6 bo phan cach tir ma chénh
léch vé md men truyén BMRAZ2 van nho hon BMRA_[27].

50
345
240

10 40

35
c \~
\

——Khdi lugng EMRA | ——Knhdi hrong BMRA
1

g 20 | 2
15 | 10

T | e R S S i ostC 0sE” it
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 S0 5 07 %0 % g

BMRA_[27] Vg lip BMRA1 Vong lip BMRA?

Hinh 3.7. Két qua t6i vu ciia cac BMRA
Bang 3.1: Két qua téi vu cia cac BMRA

BMRA Théng s thiét ké (mm) Dic tinh hoat dong
tc= 6,3; hc=6,1; Ls1=5,0; La2=0,5 | Timax=4,96 Nm
BMRA_[27] | Ri=36,3; Ro=50,2; tg = 11,9 Mmnax = 3,21 kg
R 61,8;t0=3,8;th=3,1; L =322 | Ph=21,8W; Rc=49 Q
Wc—56 h.=7,65; R¢i=40,7 Tmax= 4,97 Nm
BMRA1 =21,5; Rp =52,8;t3=4,2 Mmax = 2,64 kg
R =556;th=2;t,=583;L=34,8 | P,=19,8W;R.=32Q
Wer=We=4,25; ha=7,4 Tmax= 4,98 Nm
hcz= 6,2; Rei1=29; Reio=47,5 Mmax = 2,1 kg
BMRAZ =20; Ro=56,6;t4=4; R=59,4 Pw=24 W; R;1=1,68 Q
'[0—2 th=3,2; L=24,3 Re2=2,16 Q

Ap dung phuong phép First Order (Hinh 3.4) két qua cho boi Hinh 3.8. Mirc
md men dau ra 16n thi khdi lugng cia BMRA [27] ludn cao hon cac BMRA
dugc dé xuat, mc tiéu thu dién cia BMRA?2 ludn cao hon csc BMRA kh 4c va
muc tiéu thy dién cuia BMRA1 luén nhé hon BMRA [27].

V& thong sé ban kinh ngoai (R) cia BMRA_[27] cao hon so véi BMRA1va
BMRA2 tai T >5 Nm, v6i T <5 Nm thi ban kinh ngoai cia BMRA [27] nho
hon mot chit so véi BMRA2 nhung ludn 1é6n hon BMRA, ban kinh caa BMRA1
luén nhé hon BMRA2.




Bén canh d6 chiéu dai tdng thé (L) cia BMRA2 nho hon dang ké so véi cac
BMRA khac. O mé men xoan dau ra cao thi chiéu dai tong thé cia BMRA_[27]
nho hon cia BMRAL, khi T <5 Nm thi tré nén 16n hon.

Khéi lugmg BMRA (Kg)

Biin kinh ngoii (mm)

——BMRA_[27] — - BMRA1- - - BMRA2 50 ~——BMRAL|— — BMRAI-- - BMRA2
3
3
»
=3
®
=
z
10
3 10 13 20 H 10 15
Mé men dau ra (Nm) Mé men dau ra (Nm)
50 L n s
——BMRA_[27]= = BMRAL - - - BMRAZ ——BMRA_[27]- — BMRAL- - - BMRA2
H
=
3
a
=
o]
20 T - T - T -
5 10 15 2 5 10 15 2

M& men dau ra (Nm)

Bién thiét ké,
quy mé dan so

Bién thiét ké
ngiu nhién

Tap tin dau vao tir
bién thict k&

M men ddu ra (Nm)

Hinh 3.8. Két qua téi wu bang First Order

3.2.2 Téi wu hoa da muc tiéu cho BMRA.
Ap dung thuat toan téi wu di truyén sap xép khong chi phéi Il (NSGA-11) [24].
Luoc do téi wu (Hinh 3.9). Biéu do Pareto (Hinh 3.10) cua giai phap toi wu khi

=}

Vong lap tang 1 H

Cap nljal I)ién
thictké

H ANSYS

Vong lip hién tai
lén hon cho phép

1

NSGA -IT H Tap két qua

Hinh 3.9. Luu d t6i uu 4p dung NSGX-II
céc tham sé cia NSGA-II duoc thiét lap nhu sau: s6 1an lap ti da 1a 100, quy mo
dan s6 bang 20, ty 1& phan trim chéo bang 0,7%, phan trim dot bién 0,005, ty Ié
dot bién bang 0,02. Két qua (Hinh 3.10) c6 thé thiy rang két qua tbi wu rat gan
véi két qua mong muédn. Thyc hién véi 50 b gié tri ngau nhién caa bién thiét ké.
Tur két qua, céc gid tri caa tham sb thiét ké cua trudng hop nao tt nhat s& duoc
chon 1am gié tri ban dau cua bién thiét ké trong thuat toan bac nhat.

[ = BMRA[S6] e BMRAl 4 BMRA2] '
-
10 L
=t .
¥ -
Z8
‘ g : 4
> . 4
@ - o "
w © el
£ - S
=4 o o
3 ug
2 {aa
-
0 T
5 10 15 20 25

Mo men déu ra (Nm)

Hinh 3.10. K&t qua tdi uu hoa da myc tiéu
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3.3 Thiét ké va hoan thién hé théng thi nghiém BMRA2.
Hé thong thuc nghiém hoan thién dugc “fe™ ™ wow ot syraz -
trinh bay bai Hinh 3.11

3.4 Két qua thye nghiém va danh gia.

AC servo

Két qua md men xoin dau ra khi
khéng cap dong dién cho cac cuon day
(Hinh 3.12) thay ddi tir 0 dén -0,22 Nm.

Gia tri am c6 nghia la m6 men xoan dau

Bo khuéchdai ~ Card NI May tinh

ra cung hudng cua truc 1. Vi duwong kinh Hinh 3.11. He(tllig;{;'ﬁ:uc(igfii‘; BMRA2
cua tryc vao 1 16n hon tryc vao 2. Thoi 0.00 R,
gian md men xodn dap tng & trang thai tit
Ia khoang 30 ms. Thoi gian dap (ng nay E:: e
do d tr& co hoc cua BMRA., 2

Khi cap dong dién dang bac ( muc thay 025

dbi 120,25 A trong khoang tir 0,5 A t6i 2,5 MY mme
A) cho cac cudn day & mat bén cua dia 1 Hinh 3.12. M6 men BMRA2 & trang thai tat

tai thoi diém 0,5 s thi dép tng timg buéc md men N AN R SR
dau ra cia BMRA (Hinh 3.13) xdp xi 02s. M6 &,

men diu ra trung binh do duoc cua BMRA khi  2°

dong dién 2,5 A 1a khoang 5.1 Nm Ién hon véi =

thiét ké t6i wu 12 4,98 Nm. Nguyén nhan c thd do o0 & 13 st
viée woc tinh md men ma sat va md men truyén  Hinh 3.13. Kér qua md men déu ra
dong chua chinh xac hodc do ton thét tir truong fzgu: vct.“‘_\‘;;hw co i
gy ra. Tir Hinh 3.14 la két qua m6 men dduramoé 2 241 \

phong nhu mot ham cua dong dién &p dung, ta :%'36' \"‘-a.,_*
thdy ring mé men dau ra do dugc ciing phii hop =40 s
vGi md men md phong va sai sé dao dong tir 1,5% 00 05 0 5 e

Dong dién ap dung (A)

dén 5%. Tir Hinh 3.13 ta ciing thdy ring trong moi  Hinh 3-14. M6 men va dong dién

truong hop gid tri 6n dinh cia mé men do duoc hiu nhu dat duogc tai thoi diém

11



1,05 s. Do d6, thoi gian dap ting cia mé men cam
{rmg dau ra la khoang 0,55 s, thoi gian dap tng co
hoc la 30 ms.

Tién hanh twong ty cho dia 2 ta c6 cac két qua
biéu dién boi cac Hinh 3.15, Hinh 3.16. Thoi gian
dap ung cua dong dién ap dung khoang 0,2 s. M0
men xoan dau ra trung binh & dong dién 2,5 A dat
4,7 Nm nho hon mot chit so véi trong truong hop
dia 1, md men xoan khoang -0,25 Nm & trang théi
tat. M6 men dau ra do dugc va md phong so véi
dong dién duoc thé hién & Hinh 3.16 phd hop Véi
m6 men mo phong va sai s6 nho hon 5%. Véi két
gua tr Hinh 3.14 va Hinh 3.16 thi mé men
x04n dau ra do dwgc hai chiéu cia BMRA
dugc mo ta boi Hinh 3.17. Két qua cho thay
mo6 men xoan dau ra hai chiéu cia BMRA ¢6
thé dugc diéu khién boi dong dién &p dung cho
cac cudn day. Cu thé, néu md men xoin dau ra
nhé hon -0,22 Nm thi dong dién duoc cap cho
cac cuon day cua dia 1 va nguoc lai néu mo
men xoén dau ra Ién hon -0,22 Nm thi dong
dién duoc dat vao cac cuon day cua dia 2. Tu
Hinh 3.18 néu &p dung dong dién 0,2 A cho
cac cuon day cua dia 2 thi loai bé dugc mo men
X0an trang thai nghi ciaa BMRA2, khi d6 md
men xoan dau ra bang khong cé thé dat duoc.
Tuy nhién, sai s6 do nhidu khoang +/-0,09 Nm.

Mé men diu ra (Nm)

M6 men déu ra (Nm)

6]——25A — = 20A- - - -175A—-—15A
= {=+=125A ceo L0Aw DT A== = 0.54
;Zi 5
s 4
£ 3
é 2
<
s 1
0
1 T T i T T T T
0.0 05 10 15 20 25 3.0 3.5 4.0

Thai gian (s)

Hinh 3.15. Két qua mé men diu ra

5.6 —-—Thecté  ----- Mé phong
E 424 ot d
< e
= 25
5 284 e
& N

rd
5 14, e
=y }.‘/”
2 0.0, .= u
0.0 05 1.0 1.5 20 25

Dong dién ap dung (A)

Hinh 3.16. M6 men va dong dién

—_— Cz;c cuén dﬁ‘y dia |
489 Ciccuondiydia2 .o
244
004"

~e
244 ~.
-4.8 el J
00 05 10 15 20 25
Dong dién ap dung (A)

0.4

2
°

o
e
!

e
o
n

<
o

Hinh 3.17. Két qua mé men dau ra BMRA2

T T T T T T T
00 05 1.0 1.5 20 25 30 35 40
Thei gian (s)

Hinh 3.18. Mé men xo4n dau ra bang khéng

L3i do nhidu nay dén tir thiét bi do va ciing c6 thé do dong dién dat vao cudn day

khong 6n dinh. Két qua thir nghiém cho thiy sai s6 mé phong nhé hon 5%. Thoi
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gian dap ing ciia md men xo0dn dau ra 1a khoang 55 ms (trong dé tré co hoc 12 30

ms) véi mirc ndy dép tmg dugc cho cac hé thong phan hoi luc trong thuc té.

Chuong 4. PHAT TRIEN HE THONG JOYSTICK 3D PHAN HOI
LUC DUNG MRF

4.1 C4u tao va nguyén ly hoat dong caa hé 3D.

Trén co s& md hinh [36] tac gia phat trién hé

thdng joystick 3D phan hoi lyc (Hinh 4.1) c6

cac dic diém nhu sau:

- Vé thiét ké: b tri hai BMRA trén hai truc X
va truc Y (biéu din md men Ty, Ty), bd tri
LMRB trén truc Z (biéu dién lyc Fy).

- Vé phan tich: phan tich phan hoi luc 3D cua :
hé duoc thuc hién. Hinh 4.1. So d6 dong hé 3D phan hbi

- Vé diéu khién: xay dung cac b diéu khién cho hé théng qua d6 danh gia luc

phan hdi caa hé thong .

Than vo

A A A A 5 Dia phanl
Hé thong hoat dong nhu sau: truc dau ra cua At
. Truc vao 2

MRF
8 Cuon day

hai BMRA duoc két ndi véi hai truc cia co cau

gimbal (4), co cau gimbal théng qua tay cam (C)
dugc tich hop voi LMRB (3), trong khi vo

LMRB duoc két ndi voi than truc Y cua co cu

Truc dau ra

Phot chan MR

gimbal théng qua chﬁc")t Xoay va x?ay doc theo i 0 R ol AT
khe truc Y (mat phang I). Tay cam dugc dat
trong khe truc X clia co cdu gimbal va di chuyén doc theo (mit phang II), gbc
hoat dong cua céan tir - 60° dén + 60°
4.2 Tinh toan mdé men/luc BMRA, LMRB.
4.2.1 Tinh toan m6é men BMRA.

Trén co s6 BMRA2 di nghién ciru & Chuong 3 [37], tac gia chon BMRA
(Hinh 4.2). Viéc tinh mé men diu ra cia BMRA tuong ty nhu BMRA2.
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4.2.2 Tinh toan lyc ham LMRB.
Céu tao cia LMRB (Hinh 4.3). Nguyén ly
hoat dong LMRB: tryc phanh s€¢ dugc truot

trén hai bac truot ¢ hai dau, khe hé gitra truc ;
va than LMRB sé& dugc dién day MRF, trén ‘

Loo | wet Lot

than LMRB b6 tri hai cuén diy. Dé ngin - P
, ] Hinh 4.3. Két cau LMRB

khong cho MRF r0 ri thi ¢6 bo tri hai O-ring

6 hai ¢au cia LMRB. Luc hdm cia LMRB dugc tinh theo cong thire (2-10):

F, = —2”-”-25!'L'” + 2(nRy LTy + Fyy) (4-1)

Luc ma sét giita truc va vong chin: F,, = f.L, + f4 Ay (4-2)
4.3 Tinh toan t6i wu héa cho BMRA va LMRB.
4.3.1 T6i wu héa BMRA.
Ham muc tiéu: Vgyra = mR2. L (V6i rang buoc: Ty, = T),.) (4-3)
R 12 béan kinh ngoai BMRA; L la chiéu rong hiéu dung cia BMRA; Ty 12 md men
dau ra yéu cau va duogc xac dinh tir luc phan hdi mong mudn theo mdi hudng:
Tor = bnaxFnax (4-4)
V61 Fmax 1a Iyc phan hoi toi da mong muon moi hudng dugc chon bang 20 N;
Imax 14 chiéu dai t&i da cta can diéu khién 1a 200 mm. M men d4u ra yéu cau toi
da ¢6 thé dugc tinh 1a 4 Nm, md men dau ra t6i da yéu cAu cia BMRA dugc thiét
1ap bang 5 Nm dé bu cho mé hinh thiéu chinh xac va ton that nang lugng.
Céc bién thiét ké cia BMRA nhu chiéu cao a5

o

—— Thé tich (em*x10”

cac cugn day (i, Nez); chicu rong cudn day g *° L timmtnem |y E
= 357\ Z
(We); ban kinh ngoai va trong clia dia (Rao, Rai); 2 a0} g
b 4§
ban kinh trong cu6n day 1 va 2 (Rci1, Rei2); @0 2 2° g
N TP L P oo 122
day cua dia (tq); do day cua vo hinh try (to); d0 5| 8

day phan bén ngoai vo bén (tn), Ngodi ra ty= 05 o s @ 55 w0 s Al

Vong lap

0,8 mm va t,= 0,6 mm dugc chon theo kinh  Hinh 4.4. Khdi luong - M6 men BMRA

nghiém.
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Viéc t6i ru hoa BMRA cua hé théng joystick 3D tuong tu nhu téi wu hod cua
BMRA?2 d trinh bay & Chuong 3. Két qua téi vu duoc trinh bay bai Hinh 4.4
cho théy khi md men du ra tdi da bi rang budc Tor > 5 Nm v6i d6 chinh xac 2%.
Bang 4.1. Két qua tdi uu ctia cac BMIRA.

Théng s thié ké (mm) Dic tinh hoat dong

Wclz W02=4,25; hc]_: 7,4, hc2: 6,2, Rcil = 29 Tmax: 4,99 Nm, sz 24 W
Rei2 = 47,5; Ri =20; R,=56,6; t4=4; R=59,4 |V =269 cm? m,= 2,05 kg
th=3,2; L=243;ty =0,6;t,=0,8 Rer = 1,68 Q; Re2=2,16 Q

4.3.2 T6i wu héa LMRB.
Tt cac van dé trén thi viéc tim céc gia tri toi uu cac kich thudc cha yeu cua
LMRB sao cho c6 luc trang thai ban dau giam dén thap nhat c6 thé va dugc xac

dinh béi cong thirc sau:  Fyy = w + 2(mRgLaTyo + Fyy)
g

Véi rang buc Fy, > Fp,,, va R; <30 mm.

Céc thong s6 chiéu cao (hy), chiéu rong (We), goc Vat (cr, ¢); chiéu dai 16i
(Lpo, Lpi), ban kinh truc (Re) va do day vo (tn) déu duoc chon lam bién thiét ké
khi t6i vu héa LMRB. Twong tu cho giai phap tdi wu cho LMRB véi luc phanh
t6i da 25 N, voi kich thude khe MRF bang 0,6 mm, do day thanh méng lay 0,5
mm. M5 hinh phén tir hitu han st dung 13 phan tir cip ddi xtng truc (PLANE 13)
ctia phan mém ANSYS ap dung cho LMRB dugc hién thi trong Hinh 4.5. Phan
bb mat do tir tinh cia LMRB thé hién trong Hinh 4.6. Két qua t6i wu (Hinh 4.7),
ta thay rang hoi tu xay ra sau vong lip thtr 39, tai d6 luc trang thai ban dau la
4,95 N, Iyc ham tdi da 12 24,94 N gan bang véi luc can thiét voi ban kinh R =14,8

mm nho hon gia tri rang budc.

990032

wy
' n- ' = ‘
653 -717885 .70] .67
o o a o
.450265 .4 . 461453 466294 -45044 455127 .45
u H . u { u . | u

Hinh 4.5. M6 hinh PTHH phén tich mach tr LMRB Hinh 4.6. Phan bd tir thong & mic t6i ru LMRB
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Biang 4.2. Két qua t6i uu cia LMRB.
Thong s thiét ké (mm) | Dac tinh hoat dong
Wc| =11,3; ha=7,4;t:=0,5 [Fun =4,95N;
=4,85; ¢r=2,85; Lpi=8 Fmax=24,94 N
R =14,8; Lpo= 4,0; L= 38,7mp= 0,2 kg; Pw=4,5 W
=05, t,=2,1; Ri=45 R =230 o

4.4 Phan tich lwc hé phan hoi lwc 3D. vonglip
° * ° Hinh 4.7. K&t qua t6i vu LMRB

60

50

Luc tac ddng Oft-state/Max

So dd dong hoc cua can diéu khién cua hé
phan hdi lyc biéu dién boi Hinh 4.8. Tai vi tri
bat ky ctia nm tay cadm & vi tri P (Xp, Yp, Zp) VOi
truc Z c6 chiéu dai |, ta xoay can mot goc ¢x theo

truc X va ¢y theo truc Y thi vi tri cia diém hoat

dong P xac dinh boi:
Xp] 0 le(dxy s(dy)

™= [yl’ = Rxy [0 = l_ls(¢x) (4'5)
Zp] l le(Px)c(dy)

Hinh 4.8. So dd dong hoc can diéu khién
Véi Rx va Ry 1a ma tran xoay truc X vay.

[ c(@y)  s(Px)s(Py) c(Px)s(y)
Ryy = 0 c(Px) —s(¢x)
>_5(¢y) C(d)y)s(d)x) C(¢x)c(¢y)

Véi vi tri cua nam diéu khién tfly y thi m6 men va lyc dau ra dugc xac dinh bai:

(s: sin; c: cos) (4-6)

zZ,  xp/l
y] = _]XYR[ ]/ Ixy = 0w/l (4-7)
—Xp Zp/l
Fp = —F,,; Tx, Ty la hai ham cla Fy, va Fy,

4.5 Thiét ké, ché tao hé phan hai luc 3D.

Khi ¢6 cac thong s6 tdi wu cia BMRA va LMRB, tac gia tién hanh ché tao,
lap rap va hoan thanh hé thong thi nghiém ctia hé joystick 3D phan héi luc duoc
biéu dién boi Hinh 4.9
4.6 Két qua thuc nghiém.

M3 hinh thuc nghiém cén didu khién phan hdi luc 3D (Hinh 4.10). Két qua tur

Hinh 4.11 c6 thé tinh gi4 tri dn dinh trung binh cta cac md men diu ra trang thai
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ban dau tuong tmg 12 -0,218 Nm va -

AC Servo Y BMRA_Y AC Servo_X
Nam didu [

0,215 Nm. Gia tri &m c6 nghia la mo ki«
men d4u ra nim cing hudng véi truc
1 cuia BMRA.

Tir két qua thir nghiém mé men dau
ra cia BMRA x nhu 1a mdt ham cuia

Cam bién goc  Cam bién géc BMRA_X

dong dién, tac gia ap dung duong cong phuomgY  phuong X slng obi
Ilinh 4.9. M6 hinh thuc té h¢ joystick 3D

xap xi bac 3 tinh duogc dong dién ap
dung cho cudn day cia BMRA x v6i md
men Xodn dau ra v6i cong thirc (4-8),(4-9)
va két qua duoc thé hién boi Hinh 4.12

= —(0,1914 + 0,9367T, + 0,2157T2 +
0,0261T3) (Tx<-0,218 Nm)  (4-8)

I, = 0,1921 + 0,72153T, — 0,18035T2 +
0,02778T2 (Tx >- 0,218 Nm) (4-9)
Pbi véi truc Y cling duge thé didn qua

Hinh 4.13 boi coéng thie (4-9), (4-10)
I, = —(0,1927 + 0,9302T,, + 0,2115T + 0,0252T%) (Ty < - 0,22 Nm)  (4-10)
I, = 0,1958 + 0,72954T, — 0,18798TZ + 0,0261T  (Ty> -0,22 Nm) (4-11)

BMRA_Y

Bé didu
khién ngudn

BMRA X
Hinh 4.10. M6 hinh thuc nghiém hé joystick 3D

D6 16n cua luc LMRB dugc tinh bing gid tri trung binh do I6n cua luc vao/ra.
Két qua tai | = 2,5 A thi lyc do dugc 14 25,3 N, trong khi Iyc mo6 phong 1a 24,98N.

Luc ngoai trang thai la 5,35 N trong eooj
khi lyc mé phong 14 4,95N. Tai | = 5.

Z 010

1: 8o,
11 g, LCB'!OII ding.

I au ing cor Ul 0.00
T dng co hoat ding

2,0 A dat vao thi do 16n cuia luc tac g o]
dong 1a 23,0 N 16n hon lyc cuc dai <=

can thiét. St dung duong cong xép @) BMRA x  Théign () IBMRAy s
R . L s Hinh 4.11. M6 men diu ra BMRA trang thai di
xi bac 3 thi ta ¢6 (Hinh 4.14): ' ! g
I, = —0,99805 + 0,24302|F,| — 0,01246|F,|? + 0,000329|F, |3, (|Fp| > 5,35 N) (4-12)
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25 — . 25
== Thue & ) — - — Thuc t2
= | =-— Dudng cong xap xi _ — . — Dudmg cong xap xi
< 204 2.0 -
- z -
= | \\ . ) o0 L
= g =0 191440 8367T 40 2157 T740.026173) £ 2
S o154 .. S 15 ~
& e & -
= { -~ = =
It -~ e
S 1.0+ ™~ 210 =7
o \.\ ";’0 P
£ 1 ‘s £ P
=05l ~, £ 05 ks - .
N /#  1=0.192140.72153T -0.180367 +0 027787,
1 ‘\\ ¢,‘
0.0 0.0 ———— S P
-4 -3 -2 -1 0.0 05 1.0 15 20 25 3.0 35 40
Mo men déu ra (Nm) Mé men dau ra (Nm)
) BMRA_x dia | b) BMRA x dia 2

Hinh 4.12. Dong dién nhu ham mé men diu ra BMRA x

—— Thycté

25 . L . 25 P -
== T T et 4 2.0 _. _ uimg cong xdpxi
— - — Duimy cong xip i — - — Dutrng cong xip xi —_ iz cong xap 4
7204 £ 20 . < <
Z N =(0.192T+0.9302T +0.2115T+0.0282T) = e 2454 4
= ey . = & EX &
Z 15 "~ S 15 -~ = ’
S ~ = ~ o .
3 ~. = o = e
B s 5 =T 5 1.0 "
g 1.04 ~o 210 L g2 Wid
=} ~ =3 - =0 ! -
= o~ = 05 Py i //
08 \‘\ A7 L aresan 72054T -0 18798 T*0.0261 T 8054 e
-, . -
™ il 1 - .
0.0 0.0 #" 1,7-099805+0.24302F -0.01246F;+0 000329F})
4 3 2 A 00 05 10 1.5 20 25 3.0 35 40 0,04 :
Dong dign &p dung (A) Dong dién dp dung (A) 5 10 15 20
a) BMRA ydia | b) BMRA vdia2 Lue tac déng (N)

Hinh 4.13. Ddng dién nhu ham mdé men diura BMRA _y Hinh 4.14. Dong dién va luc LMRB
4.7 Piéu khién phan hdi lyc cho hé joystick 3D.
4.7.17Thi‘ét ké b diéu khiép vong hé cho hg phan héj lwc 3D.

bé dieu khién lyc phan hoi tiep tuyén mong muon dén tay ngudi van hanh thi
tac gia tién hanh xay dung céc bo diéu khién vong ha (Hinh 4.15) va dé ghi nhan
luc phan hi tiép tuyén can thiét tai mot vi tri bat ky cua can. Vi tri goc cta cac
truc can diéu khién duoc do bang bo ma hda goc, trong khi chiéu dai cua can diéu
khién do bang bo do tuyén tinh. Vi tri cia nam thao tac duge xac dinh boi:

7, =[x, ) Zp]T = R[0,0,1]T (4-13)

Trong d6 R 1a tdng ma tran xoay cua can voi hé toa do toan cuc. Chl y thoi gian
ldy mau la At = 0,01(s).
Khi d6 ma tran R duogc viét lai nhu sau:  R(¢ + At) = R(ADR(L)

Khi R(At) c6 thé tinh gan dung nhu sau:
c(d®,) s(de,)s(dd,) c(dd,)s(de,)][ 1 9 dg,
R(At) = Ryg,Rap, = 0 c(d®,) —s(d®,) 0 1 —do, (4-14)
-5(d9,) c(dB,)s(dD,) c(dB,)c(dD,)]|-ds, do, 1
Luc phan hdi LMRB dugc do riéng biét (Hinh 4.16). Tir déy ta thiy rang huc

phép tuyén mong mudn (F), luc hdm LMRB (Fp) duoc xéac dinh bai Fy = Fap.
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e P N o X Tinh mé men diu | T, Tip [ M3 men-Dong dién | Iv, Iy . Luc phin xa
Két qua caa Hi nh 4.17 biéu ra (4-7) 4-8)..(4-11) BMRAs tidp myén

dién cac luc ti€p tuy€n phan :
Chiéu dai tay 1_C‘z’n‘nblc":r:\

hdi do duoc tuong ddi tot s0  [twemongmuin | [Tham sé vi e ay cimfed | cim () wyén sinh

(Fia, ) (R, Xp, Yo s )
voi cac lyc mong muon. Tuy ‘—I_( i 4 Hcam bidn

goc

nhién van c6 do tre khoang 30  Hinh 4.15. Luu dé didu khién he lyc phin hdi tiép tuyén

ms so vOi gid tri mong

Luc mong

F X inh |1 } 3
|Fpl | Phuong trinh Iy LMRB | Luc phan

™ Fe=Fe F(N-L(A) | | xa

mudn. Pidu nay chu yéu | muén
Hinh 4.16. Luu d6 diéu khién hé cho luc phan hdi thang thudmg

la do ¢6 d6 tre co hoc cua

309...Fo-mongmuén = = Fu-mong muén

phdn rng mé men xodn cua cic BMRA. | e e
Budc thu 2, tir vi tri ban dau (xp = 0,

yp= 0, z,= 200 mm), mot chuyén dong tuy

. Luephan héi (N)

y cua tay cam dugc thuc hién va luc tu

nguoi van hanh dugc do bang cam bién lyc o 3 o s 20

Thai gian (s)

3D, két qua duoc trinh bay trong Hinh 4.18.  hinh 4.17. Két qua cua BMRA_x, BMRA_y

309 ... Fo-mong mubn = - = Fyz - mong mudn

Véi két qua nay thi ta ciing thdy do tré st aliebie e’

[
=]

khoang 30 ms gitra gia tri do dugc voi gia

=]

tri mong mudn. So véi két qua trong trudng

Luyc phan héi (N)
o

o

hop tay cam dugc ¢ dinh thi Tuc tiép tuyén

N
B

cao hon mot chut. Pidu nay do chuyén

o 5
dong khong 6n dinh cua tay cam. Poi véi - BTR:\I _”M :}
luc phap tuyén thi hé thong khong thé phan R .
xa luc ¢6 do 16n nhé hon 5,3 N'do lyc ma =
sat ngoai trang thai da noi bén trén. Budc b
nhay tir gia tri cta lyc phan hoi vé khong la o] o
do su thay d6i huéng cua luc khi do. CUMRE L matwe ©

4.7.2 Thiét ké bp diéu khién vong kin cho Hinh 4.18. Két qud thue nghiém lyc phan hoi
hé phan hdi lwc 3D.

Tir két qua md men xoén dau ra dugc st dung dé xac dinh md hinh toan béang
phan mém MATLAB. Pap tng buéc va két qua nhan dang hé théng cia BMRA
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va LMRB duoc dua bai Hinh 4.19. Didu nay c6 thé thdy ring mé men truyén
dong do duoc rat gan vai mo men truyén dong tir md hinh nhan dang.

* Pbi voi BMRA 4p dung nhu sau:  aT + bT + T = f(I) = 2,105]  (4-15)
Vé6ia=1/26590;b = 2452/26590

f()=0,01025—-0,53308 « I — 1,63852 * 1% +0,42608 = I3; (T 1a md men
mong muén; |: dong dién ap dung)

* Déi v6i LMRB ép dung nhu sau: cF' + dF + F = g(I) (4-16)
Véic = 1/649,5; d = 60,69/649,5

g(I) =5,01899 +9,75739 * I + 1,28363 = I? — 0,796 = I3; ( F 1a lyc mong

mudn, | 14 dong dién ap dung).

1
"——zsa- S 2a- - 178A—-—15A ——25A— - 2A-- - 1T3A—-—15A | T 2A L 175R
o 125A- - 1A 0.75A—--0.5A B — 125 oo 1A BF5A- = 05A ] A 0758 -0.5A

8
5
4
3

M& men (Nm)

0o 05 10 15 20 25 aon D‘ﬂ 05 T‘U 1‘5 2‘0 ZIE JID as .
BMRA dia 1l  Thai gian (s) BMRA dia 2 Théi gian (s) Théi gian (s)
Hinh 3.19. Pap (g budc ciia hé théng

Can luu y rang luc phan hoi phéap tuyén luon bang luc tat dan va tdch khoi

Iuc tiép tuyén. Do d6 phuong trinh (4-7) c6 thé viét nhu sau:

T. F.

7] = -0 R1e2 2] o = @17)
y2

Ty
V6i —[JTR],, 12 ma tran con 2x2 cua ma tran chinh —[JTR]. Cac théng sb

cua can diéu khién (rp), ma tran Jxy, R, Ty, Ty, luc mong muon Fy, Fx. By di€u

khién vong kin dé phan anh lyc phan hoi mong muén trinh bay béi Hinh 4.20

’ - Chiéu dai tay Cam bicn
Thong s6 vi tri tay cim [« | cAm (dl) tuyén tinh

(R, A Xps Vp, Tps -l.\‘_l') ‘—]_

dg, dg  [+—|Cambién goc

Luc mong mudn Er|Luc-Mo-men|Er| Bodicu (Lol | . . Sl
(F» Fy, F) 4'(%)—’ (4-7) [ ] khién KGN [ Lo theong

Hinh 4.20. Luu dé diéu khién vong kin ctia lyc mong mudén
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® Bo diéu khién PID thi dong dién dwoc xac dinh nhu sau:
1(t) = kpe(t) + k; [ e (t) + kpe(t) (4-18)
O day kp, ki, va ko 14n luot 13 gia tri ty 18, tich phan dao ham; e 1a sai s6 giita
gia tri dau vao vara.
bé danh gi4 hi€u qua cua bd dicu khién tac giad sir dung ITAE (Integral of Time-
Weighted Absolute Error) la tich phan sai 1éch theo
thoi gian dugc xac dinh boi: ITAE = f0°° tle(t)|dt (4-19)
Trong d6 t 1a thoi gian mo phong; e(t) 1a sai 1éch thoi gian. Tir cac gia tri tbi
uu thye hién trén MATLAB SIMULINK sao cho tiéu chuan ITAE nhé nhat.
Béng 4.3. Két qua didu chinh ky, i, kg N
BMRA x | ky=10 | ki=0 | kg =8
BMRAY | kp=9 |[ki=0|ks=7
LMRB k=9 |ki=0|ki=2
Qua gi4 tri ctia hé sb ta thdy khau tich phan

——F.montmolt  —— F, mongmwdn  —— F, mong mubn

Luc (N)

khong hudng dang ké nén thyc té chi 1a bo diéu

Thoi gian (s)

khién PD. Két qua (Hinh 4.21) cho sai 1éch cia  ynn 421, Két qua thie nghiém theo PID
hé thong 1a 8%.
= B9 diéu khién SMC cho luc phan héi [33]
Tong quat ta co: aT + bT + T = u(l)
PatT =x;x, =%, =T, %, =——2——2+4d (4-20)

a a a

[x; x,] 1 vecto trang thai; u 1a diéu khién dau vao; a, b 1a tham sé xac dinh tir
nhan dang hé thong, vai a = 1/26590, b = 2452/26590.
d: gdm dd nhidu va khong chéc chin cua hé thong, |d| < D
Mat truot dugce xac dinh boi: s =ce+é (4-21)
Trong do e 1a sai s6 duoc x4c dinh: e = x4 — x
X4: gid tri mong muén; x: gia tri do duogc; ¢: hé s6 do déc mat truot (¢ > 0)
Ham diéu khién dugce dinh nghia nhu sau:
u=a [ksign(s) +cé+ x4+ % + %] (4-22)

a

Tinh én dinh cua hé thdng sir dung ham Lyapunov nhu sau: V = %sz
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V = s(—ksign(s) — d) = —k|s| — sd (4-23)
Khik > D thi V = —k|s| — sd < 0 hé théng 6n dinh.

le‘I cac gia tri toi wu cua bo dicu Bang 4.4. Két qua diéu chinh cua ¢, k
khién dugc thuc hién trén MATLAB BMRA x |c=15 | k=14

SIMULINK sao cho tiéu chuan | BMRA y | c=14 | k=197
ITAE nho nht. LMRB |c=17 | k=10

Két qua thyc nghiém véi sai léch clia hé thong sir dung SMC 14 4%. Vi két
qua duoc thé hién & Hinh 4.21 va Hinh 4.22 thi b diéu khién PID va SMC 6 tan
s6 3Hz ciia ham sin twong tmg. Pbi voi bd SMC cho két qua lwc mong mudn tbt
hon véi sai s6 nho bang 4%, nho hon bo PID 8%. Luc theo ddi ctia PID dao dong
lién tuc xung quanh lyc mong mudn gay ra boi sy lién tuc cia dong dién cia mdi

bd truyeén dong. Diéu nay de hiéu la trong hé thong c6 nhieu va co cau khong 6n

dinh, PID khong thé giai quyét tat ca e i e
— —Fothycté . F, thuc té Fothuctd |

. i . 30
cac nhuoc diém nay. Tuy nhién, dong

dién dau vao ctia by didu khién SMC
muot ma hon bd diéu khién PID. Bén
canh do, diéu khién lyc cua co cu
truyén dong bang SMC theo ddi tot

v6i lyc mong mudn. Ngoai ra bd SMC

c6 thé han ché nhiéu, sy khong chac

chin va su thay dbi cua hé thong.

Thoi gian (s)

Trong ca hai bo diéu khién, c6 thé thy Hinh 4.22. Két qua thyc nghiém theo SMC

réng luc thuc té F, khong thé theo ddi luc yéu cau v6i luc nhoé hon 5,3 N.

Chuwong 5.  PHAT TRIEN TAY MAY 3D PHAN HOI LUC
5.1 C4u tao va nguyén ly hoat déng.

Tir nhu cau trong thue té nhdm nghién ciru da phat trién mot hé théng tay may
phan héi lwe 3D (Hinh 5.1).
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Tay may bao gdm khép thit lung (khdp 01),
khép vai (khép 02) va khop truot canh tay (khop

/4
03). Trén truc ctia khép 01 bd tri mot MRB_01ding ™" SOBE 1 maree s

M2

I.MRB

dé phan xa lyc tiép tuyén ngang mong mudn, ddi véi
khép 02 thi trén tryc lip MRB_02 dé phan anh lyc
tiép tuyén véi do cao mong mudn con trén khép
trugt canh tay thi bd tri LMRB. Lyc phan xa t6i da

Khdp hong

ctia nguoi van hanh, mé men cia MRB 1a 8 Nm
5.2 Thiét ké tay may phan hdi luc 3D.

(. Théin phanh ngoai
Than phanh trong

5.2.1 Thiét ké phanh bién dang ring (MRB). B3 Cudm diy
, Bia phanh
5.2.1.1 Cau tgo va nguyén ly hoar dgng. B i MR

W vang chan MRF
O lin

Két cau phanh c6 dia phanh hinh ring nhu

True phanh

Hinh 5.2. Muc dich ting bé mat tiép xtic giita

MREF véi dia phanh va vo phanh tir d6 s€ cho

mo men 16n va khéi lugng giam dang ké. Hinh 5.2. Cau tao MRB ranh nghiéng

s s A CI
5.2.1.2 Tinh toan m6 men MRB. i NN o,
Theo nhu cich tinh mé men trén rdnh Pt 7L - / phanh
nghiéng da trinh bay ¢ Chuong 2 thi véi MRB IR Nwer
& xuét nhu Hinh 5.3. Khi d6 mé men MRB B I % Cuin
E R, | R "day

duoc tinh: [ Az
. Eq
Phét .
Ty = 2(Tgo + Tz + Tea + Tee + Tps + Trio) + ch]'f:n Tl;
True ]K\ ) | J\ A —f) lan

2(Ty + T3 + Tis + Tyy + Tro) + T + 2T, (5-1) phanh—=——=_
Thanh phin mé men Tg, Ti v Tc ciia phanh  Hinh 5.3. So dd tinh md men BMR

duoc xac dinh nhu sau:

TpgiR}, R \* 2MTyEi :
Moo =281 - ()] 0 4 228 R 3-RD), (1 = 0,2.46810)  (52)

1
Ty; = 21 (Rizl + R;[*sin¢p + §l3sin2¢) Tyni

+ -y 3 (4RF + 6RPIsing + 4R;1%sin?p + Bsin®e); (1,3,5,7,9) (5-3)

23



T, = 2mR% (b + 2h) (tyc + pe =) (5-4)

Véi R; 1a ban kinh cua diém thir i; I 1a chiéu dai cua khe nghiéng, ¢ 1a goc
nghiéng, h 14 chiéu cao cia ring.

M6 men ma sat do phét sinh ra duoc tinh theo (2-11): T, = 0.65(2R;)? /3
5.2.2 Thiét ké LMRB.

D6i v6i hé thong tay may nhu trén yéu cau thiét ké LMRB thi trong Chwong
4 [38] d4 trinh bay va ché tao thuc nghiém mot mau két qua kha tt, tac gia khong
nhéc lai ma chi chon lai lyc him mdéi 14 F = 40 N.

5.3. T6i wu héa phanh cho tay may 3D.
5.3.1 T6i wu hoa MRB.
Khdi lwong nhoé nhat cia phanh:
my = Vapa + Vapn + Vsps + VurpPur + Vepc (5-9)
Véi diéu kién: T, = Tp,; gi6i han bién thiét ké: xF < x; <x/, (i=1,2,...n)

Trong d6 Vy, Vi, Vs, Viyg VA V. tuong mg 1a thé tich ctia dia, than vo, truc,
MRF va cudn day cta phanh; pg, pn , Ps, Pur Va pe 1an luot 12 khéi lugng
riéng ctia dia, vo, truc, MRF va cudn day; x- va x” 1a giéi han dudi va trén cua
bién thiét ké hinh hoc twong ng xi ctia phanh MRF; n 14 sb lwong bién thiét ké;
Tor 12 m6 men xoén can thiét cua phanh.

Céc tham s6 kich thudc quan trong cia MRB nhu 14 chiéu cao, chiéu rong ciia
cudn day (he, Wc), ban kinh ngoai dia R, ban kinh rang trong Ry, kich thudc hinh
hoc ciia ring (chiéu cao dinh, bé day dinh, bé day day), bé day dia tq...déu duoc
chon 1am bién thiét ké, con thong s6 khac t;= 0,6 mm, ty= 1 mm duoc chon tir
ban dau. Trong qua trinh t6i wu hoa dong dién | = 2,5 A dugc tinh vi c6 xem xét
t6i cac didu kién lam viéc an toan, ty 18 14p day cta cudn day liy 70%, ton that
tir tinh duoc gia dinh 12 10%, mo men gi6i han 1a 10 Nm nhung yéu cau chi 8
Nm, téc d6 hoi tu duge 1y 0,1%

Mo hinh PTHH phén tich mach tir, mat d6 phan bd tir cia MRB rat dong déu
dugc thé hién trong Hinh 5.5. Két qua tdi wu thé hién Bang 5.1
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a

Khoi lugng
% --=--- M& men phanh

© =
. N
Khoi lvgng MRB (Kg)

)

@

6

12
Vong lap

! 18
Hinh 5.4. M6 hinh PTHH ctia MRB  TTinh 5.5. Phan bd mat d tir thong TTinh 5.6. Khdi lugng va md men cita MRB

24 30

Biang 5.1. Két qua t6i wu cia MRB.

Thong s6 thiét ké (mm) Pic tinh hoat dong
we=5,52; hc=15,8; R=34,5; L =35,8 Tomax =10 Nm; m = 1,03 kg
th=4,6; tv=1,0; Ri = 10; Ry= 31,2 Tiwn= 0,1 Nm;
Rs=6,0;t4=2,0;h =2,6;twu=3,2;te=4,6 |Py=37W;R.=2,9Q

5.3.2 T6i wu hoa LMRB.

Trong d6 mot s thong sb tinh toan can thay ddi cho phit hop d6 1 ty= 0,8mm,
tw = 0,5 mm Tuong tu nhu thiét ké t6i wu da duoc trinh bay ¢ cac phan trén thi
mo hinh phan tir hiru han va phan bd tir thong cia LMRB dugc thé hién ¢ Hinh
5.7, Hinh 5.8 va két qua t&i uu véi luc him yéu cau 10n nhit 1a 40 N dat duogc thé
hién boi Hinh 5.9

Hinh 5.7. M6 hinh PI'HH phén tich mach tir LMRB llin}:‘:.;l. Phﬁn‘;(’:’mg‘ﬂ d()‘t:;th('mg Cltla:lﬂl..\ARB ﬂ:nh :.9, I‘,zu‘c. Il:un z:la :I:IRIZ:
Bang 5.2. Két qua toi uu LMRB.
Thong s6 thiét ké (mm) Dbic tinh hoat dong
We =1,5; hg = 11,3; chy =3,7; ch, =5 | Fmax=40 N; m = 0,46 kg
R=21,8;L=39.2;ty=0,5 Ry=5; Fi=6,0N; P, =115W;R.=25Q

5.4 Thiét ké, ché tao hé thong phan hdi hre 3D.
5.4.1 Thiét ké MRB, LMRB.

Sau khi c6 céac thdng sb hinh hoc ti wu téc gia di thiét ké MRB, LMRB ciing
nhu hoan thanh hé théng tay méy phan hdi luc dé ra.
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5.4.2 Hoan thién mé hinh tay may.(Hinh 5.10)
5.5 Két qua mdé men ciia MRB va lyc LMRB.

H¢ thong thyc nghiém (Hinh 5.11). Trong qua trinh thyc nghiém, canh tay
duoc xoay quanh khdp 01 va gia tri trung binh cia lyc tai cac gia tri khac nhau
cua dong dién duogc dua vao da dugc ghi lai. Cac gia tri moé men cia cac MRB,
LMRB cho béi cac Hinh 5.12, Hinh 5.13. Hinh 5.14. Qua cac két ta thiy mo
men ting truc cuia tat ca cac phanh dap ung kha t6t, tuy nhién van c6 mot sb thoi
diém viéc dap tng chura tot 1im c6 thé do mat 6n dinh cia hé thong hay thao tac

van hanh chua 6n dinh.
MRB 02 LMRB

Bo nguén
diéu khién ngudn

B diéu khién

MRB 01

NI 6289 card
N A a3 X . o -a .
Hinh 5.10. M4 hinh thuc té tay may Hinh 5.11. M6 hinh thuc nghiém tay méy 3D
Md phong WMo phang fa M3 phoig
L [— T — L B s B S Thue
= e 50 e
= 84 = 84 '_‘u\-"
B Z Lt
z 2 2407 -
E 64 £ s E -
= = = 304
g § E #
£ 4 2 4 = P
g E @ //
2 2 104 .~
L
0 0 - v . T 0
0.0 0.5 100 s 2.0 2.5 0.0 0.5 10 15 2.0 25 00 05 10 1'5 20 25
Dong dién (A) Dong dién (A) Déng dign (A)

Hinh 5.12. M6 men cia MRB_01 Hinh 5.13. M6 men cia MRB_02 Hinh 5.14. Luc ham ciia LMRB

5.6 Thiét ké by diéu khién cho tay may 3D phan héi luec.
Dé phan anh cac lyc mong mudn thi bo diéu khién vong hd s& phan anh luc

tiép tuyén mong muén (Hinh 5.15) va lyc thong thuong (Hinh 5.16).
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Tur cac thong tin ctla cAC | Tinhtwinmo |Tulu] Phuonguinh | fulu Phanh MR |— Lute phin xa

b’\ . h ; , ., . , men phanh T(Nm)-I{A)

0 Ma hoa cac gia tr1 cua T f

géc 0, bén kinh Cénh tay r Luc mfmg.muém X;é.ct:ﬁnh‘vitri Cam bién gbe
(Fn Fe) cudi cung

dugc xdc dinh, m6 men

; Hinh 5.15. Luu d6 diéu khién lyc tiép tuyén
xoan cia MRB 01 (Tw),

i Lucmongmudn | | Phuongtrinh | [Phanhtuyén| _f oo
MRB_02 (Ts) tinh theo () FINHI(A) tinh MR P
cbng thie (5-6), (5-7): Hinh 5.16. Luu dé diéu khién lyc LMRB
Ty = Fy.7.cosf (5-6)
Tsp = E,.7r (5-7)

Fn va Fe 12 lyc tiép tuyén mong mudn cia khép 01 va 02.

Tir két qua thir nghiém trong Hinh 5.12, Hinh 5.13 ta c6 thé thiy rang mé men
phanh ciia cic MRB gan nhu bao hoa khi ap dung dong dién | > 1,5 A. Ap dung
duong cong x4p xi bac 2 thi dong dién ap dung cho cic cudn day cia MRB_01
(lw) va MRB_02 (Ish) dugc tinh theo cong thirc twong tng (5-8) va (5-9):

I,, = —0,0245 + 0,1516T,, + 0,00177T2 (5-8)
Iy = —0,027 + 0,1543T,;, + 0,00155T2, (5-9)

Tuong tu nhu cac MRB ta ap dung dong dién 1 < 1,5 A cho LMRB. Str dung
duong cong xap xi bac 2 thi dong dién ap dung cho cudn diy cia LMRB duoc
xac dinh theo phuong trinh (5-10)

I, = —0,1707 + 0,03424F, + 0,000169F? (5-10)
Str dung dong dién I < 1,5 A va ap dung nhu la mdt ham ctia m6é men dugc tao
ra thé hién trong Hinh 5.17, Hinh 5.18, Hinh 5.19

2.0 = 2.0 .
— Thuetd ‘ = Thyc t& )
= -~ Dnrong cong xap xi ===~ Duémg cong xap xi
2 1.6 = Z 16
E = =
s 12 3 121 21
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3 5 = '
g o8 < 08 2 o8
g ) z 2
& 0.4 i N 2 o4
2 1=-0.0245+0.1516T _+0.00177T, i |=-0.027+0.1543T_ +0.00155T° 2 044
- 0 -
0.0
oo 18 38 54 72 90 00 0.0

00 18 36 54 72 90

o

M6 men phanh (Nm) 8 16 24 32 40

M men phanh (Nm) Lue ham (N)

Hinh 5.17. Quan hé T-1 cia MRB 01 inh 5.18. Quan h¢ T- cia MRB_02  Hinh 5.19. Quan hé F-I cia LMRB
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5.6 Két qua thwe nghiém.

Cén luu y rang tin hiéu diéu khién dién 4p nam trong khoang tir 0 - 5 V, dong
dién dau ra thay d6i tir 0 - 2 A, toc do mau duge dat 14 0,01 s. Két qua Hinh 5.20
cho thay luc phan héi mong mudn khong ddi 40 N duoc dit cho timg thanh phan
ctia lyc phan hoi tai thoi diém 0,5 s.

D6i vai lyc ngang phan hdi thuce té so voi mong mudn vai sai sb toi da 4% va
thoi gian dap ung khoang 0,24 s (Hinh 5.20a). Luc nang phan hdi thuc té so véi
mong mudn phan anh tét, thoi gian dap ung 1a khoang 0,26 s (Hinh 5.20b). Luc

hudng tam phan hoi thuc so véi mong mudn véi sai s t6i da khoang 6,5% va co

nhiéu dao déng hon so véi trudc day (Hinh 5.20c).
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=
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o
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a

] 1 2 3 4 1 2 3 4 1 2
a) Thasi gian (s) b) Thosi gian (s) [9) Thoi gian (s)

Hinh 5.20. Két qua thyc nghiém tay may phan héi lyc

3 4

Két qua luc phan hdi mong muén hinh sin cho cac thanh phan luc phan hoi
duoc thé hién ¢ cac Hinh 5.21, Hinh 5.22, Hinh 5.23. Tuy cac luc phan hdi kha
t6t nhung khong thé luc phan hdi nhé hon 1,5 N dbi voi MRB_01. O trang thai
on dinh sai s6 t6i da cta luc tiép tuyén ngang va do cao 1a khoang 4%, luc huéng
tam 1én dén 6,5% v6i nhiéu bién dong. Tuy nhién, do m6é men x0dn ban du cua
MRB va luc cia LMRB cua hé théng hoi 16n nén khong thé phan xa lyc nho dén
nguoi diéu khién d6 1a 1,5 N cho vi tri ngang (khép 01), 1,8 N cho lyc nang (khép
02) va 6 N cho luc huéng timMRB_02 va 6 N véi LMRB khong thé nhé hon 6
N, sai sb ti da cua luc tiép tuyén ngang va do cao khoang 4%, luc hudng tim
1én dén 6,5%.

Qua két qua thyc nghiém cho thay rang bo diéu khién hinh cdu 3D duya trén
MRF duoc d& xuit c6 thé cung cip luc phan hdi 3D mong mudn cho ngudi van
hanh. Can luu y rang b diéu khién d& xuét co thé d& dang tich hop véi bat ky
robot bi dong ndo cho hé théng diéu khién tir xa, trong d6 két hop phan hdi luc
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song song voi di€u khién vi tri cua hé thong dugc dé xuat nhu trén. Di€u nay dan

dén mot ng dung tiém nang cho céc ting dung diéu khién tir xa.

50 50 50
Mong muén -« = = = Thyc 1 |

Mongmuén - - - - Thyc té | Mong nudn = - = = Thye i

40 40 40

30 30

20 20

Lye tiép tuyén ngang (N)
Lare hudng tam (N)

Luye tip tuyén o cao (N)

00 3 26 B 0o 13 2% 39 0.0 13 26 38

“Thai gian (s) Thai gian (s) Thiri gian (s)
Hinh 5.21. K&t qua do ciia MRB_01 Hinh 5.22. K&t qua do cua MRB_02 Hinh 5.23. Két qua do cia LMRB

Chuwong 6. KET LUAN
6.1 Két luan.

T6m lai trong nghién cau nay, tap trung nghién ctu thiét ké, mo phong, ché
tao va thuc nghiém trén cac mod hinh méi dong thoi thiét ké cac bo didu khién
PID, SMC cho viéc diéu khién luc phan héi cuia BMRA, MRB, LMRB &p dung
trong hé théng phan hdi luc véi ndi dung téi wu hoa (First Order, NSGA-II) thong
s6 hinh hoc ciia co cdu va xem xét cac dat tinh cling nhu kha niang dap (g cua
ching trong c4c chie nang chinh ma mot hé phan hdi lyc can c6 (khéi lwong, mod
men phét sinh). Qua cac két qua ban dau dat duoc thi ta thiy rt nhiéu noi dung
duogc nghién ciru mai dugc dua ra thong qua cac ndi dung dugce dang trén cac tap
chi quéc té uy tin. Dé tai da dwa ra mot huéng méi vé kha ning tng dung cua
MRF cho h¢ théng phan héi luc néi ¢ va hé thong haptic néi riéng. Tuy nhién
van con mét s vin dé can duoc nghién ciru thém do 1a hiéu suét cia co cau hién
tai chi dat trén dudi 90%, do nhiéu nguyén nhan do6 1 cong nghé ché tao, I4p rap,
tinh déng chat cua vt liéu.

6.2 Kién nghi va hwéng phét trién cia dé tai.
® Han ché cua dé tai:
- Luc ma séat ban dau cia LMRB con cao;
- Heé thong phan hoi chi méi phat trién toi 3D;
- Bo diéu khién phan hdi luc tinh méi chua cao.
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Hudéng phét trién dé tai:
- Phét trién co cau LMRB méi giam luc khong tac dong ban dau;
- Phét trién hé thong joystick 3D dung 03 co cu tac dong quay dugc
diéu khién boi chi mot dong co;
- Xay dyng hé théng diéu khién kin va &p dung cac thuat toan diéu
khién hién dai nham nang cao chat lwong luc phan hoi;
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