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Tém tit - Thuc nghiém cho hé théng tay may déi luén 1a van dé
can duoc quan tdm bén canh viée phat trién cac thuat toan cho hé
théng nay. Bai bao giai quyét van dé thuc nghiém cho dléu khién
hén hop luc, vi tri cho hé thong tay may doi phéi hop giit én dinh
va di chuyén mot déi tuong rén chung theo quy dao mong mubn.
Diu tién, dong luc hoc ciia hé thdng gom tay may doi — ddi twong
dugc xay dyng dua trén nguyén ly Eule-Lagrangian. Dya trén
dong luc hoc da duoc xdy dung, bd diéu khién twa mé hinh hdn
hop luc/vi tri duge dé Xuat dé giit 6n dinh va di chuyén déi tuong
theo quy dao mong mubn. Bo diéu khién dugc ching minh én
dinh theo tiéu chuén Lyapunov. Tiép theo, mot hé thong thuc
nghiém dugc xdy dung nham thir nghiém thudt toan dé xuat cho
hé tay may doi- dbi twong. Cudi cung, cac kich ban mé phong trén
phan meém Matlab/ Simulik va thuc nghiém dugc thuc hién. Cac
két qua mé phong va thuc nghlern da xac thyc tinh chinh xac, kha
thi, hidu qua ctia bo diéu khién.

Tir khoa - Tay may doi; tay may doi — dbi twong; thuat toan hdn
hop lyc/vi tri; thuc nghiém cho hé tay may doi

1. Gi6i thiéu

Robot tay may doi 14 robot ¢6 hai tay may gidng nhu
hai tay ctia con ngudi, viéce sir dung hai tay may phdi hop
lam viéc s& hiéu qua, linh hoat va 1am dugc nhiéu viéc hon
so voi sir dung robot don. Robot tay may doi ¢ thé dam
duong hiu hét cac cong viéc ma con ngudi thuc hién. Nho
d6, chung c6 thé dwoc sir dung dé thay thé cho con ngudi
khi lam viéc trong cac mdi truong doc hai nguy hiém nhu
nha may dién hat nhan, cru hoa... Qua khao sat cho théy,
c6 mot s phuong phap diéu khién dién hinh nhu bo diéu
khién PID, PD, diéu khién tro khang, diéu khién lai lyc/vi
tri cho hé tay may d6i phdi hop chuyén dong duoc st dung
rong rai vi dé& thuc hién trong thyc té. Bo diéu khién phéi
hop cho robot hai tay duoc thiét ké trén co s¢ phan tich
dong hoc ciia hé thong. Chuyén dong phdi hop cuia tay méay
d6i dudi bo didu khién bu trong lyc PD dya trén dong hoc
nghich ddo déa dugc thyc hién [1]. M6t cach khac, cac thao
tac phbi hop gitra hai tay may bang cach diéu khién chuyen
dong ¢ cap do gia téc dugc trinh bay [2]. Van tdc/gia toc
tham chiéu cua ddi tuong dugc thiét ké theo nhiém vu yéu
cau. V6i phuong phap diéu khién tré khang sé két hop véi
cac phuong phéap didu khién khac dé ting hiéu qua cua bd
diéu khién. B9 diéu khién tré khang cho tay may déi duoc
thiét ké bang cach sir dung mdi quan hé Jacobian [3]. Bo
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diéu khién tro khang duoc dé xuat s& don gian va truc quan
hon khi diéu chinh tré khang mong mudn va quy dao mong
mudn. Bo diéu khién tré khang kép véi hai vong tré khang
duogc nghién ctru trong [4], voi tro khang vong ngoai gitta
dbi twong va moi trudng, tré khang vong trong giita b
diéu khién va ddi twong. Bo didu khién nay co kha ning
theo doi tot vé& vi tri, tro khang va lyc. Cac nghién ciru
khac tap trung vao diéu khién két hop luc/vi tri cho phéi
hop tay may doi [5], [6]. Trong [5], két hop bo diéu khlen
chinh/phu st dung cam bién lyc & khau tac dong cudi, de
phéi hop diéu khién déi twong theo quy dao mong mudn
va tranh d6i tugng tréi va roi. Bo didu khién [6] giam sat
lyc mong mudn va bu cho d6 1éch quy dao khong xac dinh
do nhiu bén ngoai. Mot s6 cong trinh khac vé didu khién
cho robot tay may doi tdp trung vao cac Gng dung cong
nghiép hon 1a di cai tién cac thuat toan 1y thuyét diéu khién
phirc tap, dién hinh 1a v6i nén tang bo PID cong nghiép,
D.Kruse va cong sy dd gi6i thiéu diéu khién dan hudng
chuyén dong, diéu khién luc theo chudi tuan tu, bu tai va
tranh va cham [7]. Hay nhu trong [8] cac thi nghiém dua
ra dé danh gia hiéu suat lam viéc cua robot tay may doi
cong nghiép.

Nhu vay ¢6 thé thiy, van d& thuc nghiém cho robot tay
may d6i ludn dwoc quan tim song song véi viée phat trién
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cac thudt toan cho h¢ nay. Trong bai bao nay tac gia duara
phuong phap thyc nghiém cho hé thong tay may doi véi
nhiing dong gop nhu sau:

- Thuét toan diéu khién dé xuat dé thyc nghiém khong
can st dung cam bién luc.

- Thuat toan diéu khién khong cin bién dich sang mot
ngdn ngir 13p trinh nao khac hay nap vao chip, nhung van
dicu khién h¢ thong theo thoi gian thuc va kiém ching
nhanh dugc thuét toan.

2. M6 hinh dong luc hoc cia hé tay may déi
2.1. M6 ti h¢ thong

H¢ tay may doi tac gia nghién ciu gdm hai tay may
giong nhau thao tac v4i mét vat thé hinh hop ran. Moi tay
mdy la mot robot planar c6 hai bac tu do, véi khéu
tac dong cudi clia timg tay may tlep xtc véi vat thé tai

diém xéac dinh. M6 hinh cta hé thong duwoc minh hoa
nhu Hinh 1

Y4

|
Second arm-robot

I
First arm-robot

Hinh 1. M6 hinh tay mdy déi thao tdc mét vt thé

OXY: Khung toa do gbc, ddng thoi 1a khung toa do gin
v6i tay may thir nhat;

o,x,, : Khung toa do gin vdi trong tim ctia ddi twong.

Déi tugng duogc chuyén dong theo truc OX, OY, va
chuyén dong xoay.

Céc khau tac dong cudi cua tay may doi tac dong 1én
dbi twong cac luc f;, /> tai diém E;, E, tuong (mg. Hai lyc
nay dugc gia thiét co chidu vudng goc voi bé mat cua vat

thé. Hé dugc gia thiét 1am viéc trong mat phang nam ngang
nén khong chiu tac dong cia luc trong truong.

Vector ¢, =[6,,., 6,,] biéu didn goc quay cic khop
biéu dién goc
6] bidu
thi vi tri va goc quay cua ddi tuong trong khung toa do
OXY. Thém nita dj;, m; va J; biéu thi cho chiéu dai, kh6i
lwong, md men quén tinh cta thanh ndi j cia tay may i, véi
i=1,2; j=1,2. E;(xo;,¥0;) 12 vi tri tiép xtc clia tay my thir

ciia tay may tht nhit, ¢, =[6,,, 6,,]

quay cac khop cua tay may thir hai, z =[x, y,

i voi d6i tuong.
2.2. Phwong trinh dong hoc va dong lwc hoc ciia hé thong
Dua vao Hinh 1, vi tri trong tdm cua vat thé duoc xéac

dinh theo vi tri hai tay may [9]. Tur d6 x@y dung dugc
phuong trinh rang budc hinh hoc d€ dam bao ti€p xuc gitra
tay may doi va doi tuong.

/
o) =(x—xO])cos¢9+(y—y01)sin6’—zv=0
; (1
0, =~(x=1p)c0s 0 ~(y—yz)sin O —2=0

Véi, L: Bé rong dbi tuong; khoang cach Y; © tir khau tac
dong cudi thir i t6i truc 0,x, cua hé toa d§ vat thé duoc
xac dinh nhu sau:

{Yl =(x—xy)sin€—(y - yy)cosd

. 2
Y, =(x—xp,)sin€—(y - yp)cosd

Pong luc hoc ciia hé thong gdm tay may doi — dbi tugng
duoc xac dinh dua vao phuong phap Lagrange nhan tir.
Phwong trinh dong luc hoc cua tay may doi dwoc thiét lap
nhu sau:

7, =H,(q,)§, +C,(q,,4,)4, — (=1)' J;, [Z?nsg}f ©)

Phuong trinh dong luc hoc cta dbi tugng dugc thiét lap
nhu sau:

cos@
HZ+Z( 1) ;| sin@ |=0 “4)
i=1 -Y.

6i, H;(g;): Ma tran quan tinh cia tay may thk i;
C;(¢;,¢;) : ma tran twong hd va li tm cua tay may thu i,
duoc xac dinh tr ma trdn H;(g;) dua vao tinh chét
]-.Il-(qi)—ZCi (4:»g;) 1a ma tran nghiéng ddi; Jy 1a ma tran
Jagobian cua tay may thu i; H.. ma tré}n quan tinh cf%a vat
the H, =diag[M, M, J] v6i M 1a khoi lugng vat thé va J

md men quan tinh cta vat the.

3. Bj diéu khién phoi hop chuyén dong ciia h¢ tay may déi
D¢ tay mdy doi di chuyén vat thé t6i vi tri, huéng
mong muon thi trugc het vat the phdi dugc gitt chac chan
va On dinh boi hai tay may. Vi vay, van de diéu khién lyc
duogc thuc hién trude tién trong bai toan dicu lghién phoi
hop chuyén dong cua hai tay may. Khi vat thé da dugc
kep on dinh, lGc nay hai tay may s& thao tac voi vat thé.
Vit thé sé& duoc xoay, di chuyén dén goc dit 6, va vi tri
dat (x;,y,) mong mudn. Thuét toan diéu khién dugc dé
xuét dua trén [10].
B¢ diéu khién twa mé hinh diéu khién hén hop luc va
vi tri: Di€u khién luc d€ kep On dinh, di€u khién goc quay
va diéu khién vi tri cia vat thé twong ung. Thuat toan dicu
khién dugc d¢é xuat:
T =T+ T + Ty 47T, )
Ty =TT +T0 47,
VOi, TpiTg37,3 7T, lan luot 14 cac bo diéu khién luc, goc

xoay va vi tri chuyén dong theo truc x, y ctia vat thé
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T cos@ .

Tp=—(- D Joi| fd K. q;
sin

(6)
sin @

-1 —JO,{ . }(Yl—Yz)fd

L, osé

Trong d6: lyc dat f; laluc tiép XUc mong muén, dugc chon
theo thong s6 cua d6i tuong; K; 1a ma trdn hé s6 cua bd

diéu khién xé4c dinh duong.

B e EeA R

(7
v6i A@ =6, -6 lasaisb ciia goc xoay; By va o, lacac

hé sb xac dinh dwong.

B T
1 .
7 Hsin 6, —(%ﬂ) (%4 =),

Txiznx
- 1 ) , ®
y .
Ty =11, —’{1}005@1 —(T;l] (ya_yd)'
i
voi
_Xutxep NHh o v _Yutye hth
a 2 2 d>-a 2 2

tham s6 cuia bo diéu khién 1,1, 1a cac héng s6 xéac dinh
duong.

Thé phuong trinh (5) vao phwong trinh (3) rdi nhéan 2
vé cta phuong trinh véi (},-T , phuong trinh dong luc hoc
cta h¢ dugc mo ta:

V

Zdl(quHqﬁMx + My +J,6% + (Yl_Yz)zfd]

2 2 2
+2—dt(ﬂfAe +21,(x, = %) +27, (v, =)'

2
=D 0iKyd; =y (1, =1 =1,)6%. ©)
i=1
Duya vao phuong trinh (9) ham Lyapunov dugc chon
nhu sau:

2(quHq,+Mx + My +J,6% + —(Yl %) £y

i=l v
+5(ﬂfA92 +217,(x, = xg ) +210, (v, = ¥a)’ )

Khi d6 dao ham ctia ham Lyapunov

2
= _zq.?Kviq.i —a,l,—-n

i=1

—rz)éz.

Tur ham Lyapunov lya chon va dao ham cua ham
Lyapunov, nhan dugc ¥ >0 va Y <0. Déu bang ¥ =0
va V' =0 chico duoc khi

Lwu Thi Hué
Sis fa = fa
(’}Inq.Z -0
. P eT O
S L N,
g -6,
X, - Xy,
ya %yd

Nhu vay theo tiéu chuan 6n dinh Lyapunov hé théng on
dinh tiém cén. Cac tay may da kep on dinh doi tugng, diéu
khién vi tri va hudéng cia ddi twong téi vi tri va huéng
mong mubn.

Két luan lai so dd tong quan cua hé théng va bo diéu
khién dugc mo ta trong Hinh 2.

! T
« ox Dong luc hod| L= SR
Bo dicéu : A > T TqT
Sz 7, | cua robot va q=l41.4;]

khién = .. »>
(5) doi tuong
3)(4 > T .TaT
€)0) q=[4.9,]

1

(xaaygl

Hinh 2. So do khéi hé théng bé diéu khién luc, vi tri va huong

€0504>4, Thiét ké co khi cho m hinh thue nghiém tay may doi

H¢ tay may doi la mot hé gbm hai tay may phang gidng
hét nhau ph01 hop chuyén dong cung gitr va di chuyén mot
dbi tuong ran chung. Hinh anh thiét ké co khi ctia tay may
d61 nhu Hinh 3.

Déng co 4
Dong co

F-\
Dong co 2 ( .
%

Link 11 ¢

Link 21
o

Hinh 3. Thiét ké co khi tay mdy doi

V6i thiét ké co khi nhu véy, hé théng dugc lam viée
nhu sau: Mdi tay may sit dung hai dong co diéu khién
chuyén dong cho hai goc khép. Trude hét phan tich lam
viéc cua tay may thir hai, tay may tht hai st dung hai dong
co 1a dong co 1 va dong co 2 dé diéu khién chuyén dong
cho hai khop. Pong co 1 diéu khién chuyén dong cho khép
1 (diéu khién chuyén dong link 21), dong co 2 diéu khién
chuyén dong cho khép 2 (diéu khién chuyén dong link 24),
dé tranh st dung dai truyén chuyén dong tir dong co 2 t6i
khop thir 2 (dai c6 d¢ dai 16n) 1am tang thoi gian tré, sai s6
chuyén dong cta khép. Tac gia sir dung thanh dan dong
(link 22, link 23) dé truyén chuyén dong tir dong co 2 toi
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khop 2, khi dong co chuyén dong thi link 22 va link 23
cling chuyén dong, link 22 va link 23 chuyén dong dugc
bao nhiéu thi link 24 (kh6p 2) chuyén dong dugc by nhiéu.
Tuong ty nhu tay may thir hai, tay may thir nhét ciing sir
dung hai dong co dé diéu khién chuyén dong cho hai khop
(diéu khién chuyén dong link 11 va link 14). Piéu khién
chuyén dong cta khép 2 (link 14) cia tay may thir nhét
duogc thong qua chuyén dong cua thanh dan dong link 12
va link 13, khi dong co 4 chuyén dong thi link 12 va link
13 chuyén dong, link 12 va link 13 chuyén dong duoc bao
nhiéu thi link 14 chuyén dong dugc biy nhiéu.
Phan thiét ké co khi cuiia tay may d6i co cac thong sb
nhu trong Bang 1.
Bing 1. Théng sé tay mdy va doi twong

Céc khau Khéi lwong (Kg)| Chiu dai (m)
Link 11; Link 21 1,1305 0.4
Link 12; Link 22 0,156 0,07
Link 13; Link 23 0,414 0,35
Link 14; Link 24 0,85 0,3
Khoang cach hai tay may - 0,12
Dbi tugng 0,15 0,14

5. M6 phéng
5.1. Diéu khién hén hop luc, vi tri chuyén déong theo truc
X , huwéng chuyén dpng ciia doi twong

Két qua md phong diéu khlqn hon hop lue, vi tri chuyén
dong theo truc x, hudng chuyén dong cua doi tugng ding
b diéu khién twa md hinh hdn hop luc/vi tri. Vi quy dao
vi tri va huéng chuyén dong cua doi tuong theo quy dao
bac 3 dugc thé hién trong Hinh 4 — Hinh 5.

0.13

—QuY dao thuc
012 = Quy dao dat

3x104

Az [m]

0

0 5 10 15 20 25 -1
Time [s 0

a) Quy dao chuyén dong b) Sai 6 vi tri ciia d6i twong

10 Time [s] 20

Hinh 4. Quy dao huéng chuyén dong ciia doi twong doc theo

truc x trong mé phong
—Goc xoay thirc
= 'Goc xoay dat

0 5 10 15 20 25 ) 5 10 15 20 25
Time [s] Time [s

a) Quj dao chuyén dong b) Sai 56 géc xoay

Hinh 5. Quy dao hudng qhuyén déng cia doi tugng trong
mo phong voi bé diéu khién hon hop luc/vi tri chuyén dong
theo truc x

Tir két qua mo6 phong Hinh 4 — Hinh 5 c6 thé thay rang
bd diéu khién hdn hop luc, vi tri theo truc X , huéng chuyén
dong cho két qua tdt. Sai léch vi tri theo truc X 16n nhat 1a
0,075%, huéng 16n nhat 1a 1%. Ddi tuong duge chuyén

dong t6i vi tri, huéng mong mudn véi sai 1éch tinh rt nho
lan luot 12 0,002% va 0,25%. Tai vi tri can bang ddi twong
duoc giir 6n dinh.

5.2. Diéu khién ifon hop lyc, vi tri chuyén dong theo truc
v » huong chuyén djng cua doi tuong

Két qua mo phong diéu khién hdn hop luc, vi tri chuyén
dong theo truc y , huéng chuyén dong cua doi twong ding
b diu khién twa md hinh hdn hop luc/vi tri. Vi quy dao
vi tri va huéng chuyén dong cua doi twong theo quy dao
bac 3 dugc thé hlen trong Hinh 6 — Hinh 7.

%10
= 'Quy dao dat
——Quy dao thuc

0 10 20 30
Time [s] 0

10Time [5/20 30

a) Quy dao chuyén dong b) Sai s6 vi tri ciia doi twong
Hinh 6. Quy dao chuyén dgng theo truc y cua
déi twong trong mé phong

8 = Quy dao huéng dat
——QuY dao huédng thuc

0.05

0

-0.05

-0.1

Af [d6]

-0.15

02 : ; -
0 10Time [s]20 30

Ti .4, , L.
0 10Time [$120 %0 b) Sai 56 goc xoay cua doi

a) Quy dao chuyén déng tuong

Hinh 7. Quy dao hzqéngfhuyén dong cia doi fwong trong moé
phong voi bg diéu khién hon hop luc/vi tri chuyén dong theo truc y

Tir két qua mo phong Hinh 6 — Hinh 7 ¢6 thé thay rang
b diéu khién hdn hop luc, vi tri theo truc y, huéng chuyén
dong cho Kkét qua t6t. Sai 1&ch vi tri theo truc y 16n nhat 1a
0,08 %, hudng 16n nhét 1a 1,8%. Poi tuong dugc chuyén
dong t6i vi tri, huéng mong muon véi sai 1éch tinh rat nho
lan luot lé;) 0,025% va 0,5%. Tai vi tri can bang doi tugng
duoc gitt on dinh.

Tir két mo phong Hinh 4 — Hinh 7 thdy, bo diéu khién
lém} viéc tot va on dinh. DG% tuong duogc gitr chat va chac
chan trong qua trinh di chuyén, két qua c6 duoc quy dao vi
tri va hudng cua dbi tuong da bam véi quy dao dat. Sai léch
tinh nho, quy dao chuyén dong doc theo truc X sai léch tinh
nh6 hon 0,08 %, quy dao chuyén dong doc theo truc y sai
1&ch tinh nho hon 1%, quy dao hudng chuyén dong sai léch
tinh nho hon 1%, d qua diéu chinh nho dudi 1%. Hinh 4b
— Hinh 7b cho thay, tai vi tri can bang sai I¢ch tinh 1a hang
s0, chimg t6 dbi twong dwoc giit 6n dinh tai vi tri can bang.

6. Thuc nghiém

6.1. Ciu tricc va hoat dpng ciia hé thong thuc nghi¢m
H¢ théng thuc nghi¢ém va thtr nghiém hé théng theo kich

ban duge m6 phong nhu phan 5 s€ duoc trinh bay trong muc

nay. H¢ thong thuc nghiém dugc thuc hién nhu Hinh 8.
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Hinh 8. H¢ théng thuc nghiém
1: DS1103 interface box; 2: May tinh (ghd‘n mém Matlab va
Controldesk); 3: DS1103; 4: Board két’no”i; 5: Driver; 6: Dong
co servo; 7: Mo hinh tay may doi; 8: Doi tuong; 9: Mach do goc
xoay cua doi tuong.

Thuit toan ‘duqc‘ viét va xdy dung trén Matlab/ Simulink
va st dung phan mém Control desk bién dich. Luc nay cac
tin hiéu tir bo di€u khicn qua card DS1103, qua hop giao dién
d€ dua tin hiéu di€u khién t6i driver cia dong co servo thong
qua mot boqrd ket ndi. Tin hiu tir driver cua dong co's8 di@u
khién chuyén dong cho dong co servo tir d6 dicu khién
chuyén dong cac khdp cua tay may doi.

Tée do chuyén dong cia d(f)ng co s€ duoc do béng
encoder, tin hi¢u nay s&€ dugc chuyén t6i Matlab/Simulink
thong qua hop giao dién ciia DS1103 (qua cong INC), trén
phén mém Matlab/Simulink tin hi€u tir encoder s& dugc
chuyén thanh tin hiu goc xoay cua cac khép, va phan hoi
lai cho bd di€u khién.

Vi trf ctia d6i twong s& dugc tinh gian tiép qua goc xoay
cua cac khop. Con hudng (goc xoay) cua doi tugng s& dugce
do bang cam bién MPU6050. Vi tri, hudng cua doi tuong
s€ dugc phan hoi lai cho b di€u khién.

6.2. Thir nghiém h¢ thong

Béi‘tuqng dugc thiét ké chuyén dong theo quy dao béc
3 bao gom chuyén dong theo truc X, truc y va hudéng xoay.
Luc dat cua tay may doi tai diém tiép xuc tac dong 1én dbi
twong v6i f; =1,5N . Cac thong s ciia b diéu khién st
dung trong thuc nghiém dugc xac dinh nhu Bang 2.

Bing 2. Théng s6 b¢ diéu khién

Kvl Kv2 ﬂf 77x ”y
2 2 2,5 400 300

6.2.1. Piéu khién i’zgn hop luc, vi tri chuyén dong theo truc
X va huong cua doi tuong

Két qua thuc nghiém diéu khién hdn hop luc, vi tri
chuyén dong theo truc X va huéng chuyen dong cua doi
tuong dung bd diéu khién twa mo l}mh hdn hop lgc/vl tri,
v6i quy dao vi tri va huéng chuyén dong cua doi tuong
duoc thé hién trong Hinh 9 — Hinh 10.

Déi twong duge didu khién di chuyén theo quy dao doc
truc X tur vi tri co6 toa d0 x=8,9cm toi vi ¢ toa do
x=12,9cm , quy dao hudng goc xoay tir goc 0° toi goc 8°.
Sai léch tinh chuyén dong theo truc x 1a 1mm (2,5%),
huéng chuyén dong 0,2° (2,5%). Tir két qua thuc nghiém
Hinh 9 — Hinh 10 c¢6 thé thay, bg diéu khién hon hop luc,

vi trf theo truc x va hudng chuyén dong cia déi twong cho
két qua tot. Pi trong duge chuyén dong t6i vi tri, huéng
mong mudn v6i sai 1éch tinh nhé (2,5%). Tai vi tri cAn béng
ddi tuong dugc giir 6n dinh.
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a) Quy dao chuyén dong b) Sai s6 vi tri

Hinh 9. Quj dao chuyén dong ciia doi twong doc theo
truc X trong thuc nghiém
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a) Quy dao chuyén dong b) Sai 56 huéng

Hinh 10. Quy dao hudng chuyen dong ciia doi fiong trong
thuec nghiém véi bo diéu khién hon hop lec/vi tri chuyén déng
theo truc x
6.2.2. Diéu khién hén hop luc, vi tri chuyén dong theo truc

v va hudng ciia doi twong

Két qua thuc nghiém diéu khién hdn hop luc, vi tri
chuyén dong theo truc y va huéng chuyén dong cua ddi
tugng dung bo diéu khién tira mo hinh hon hop luc/vi tri,
v6i quy dao vi tri va huéng chuyén dong cua déi tuong
duoc thé hién trong Hinh 11— Hinh 12.
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a) Quy dao chuyén dong b) Sai s6 vi tri ciia déi twong
Hinh 11. Quy dao chuyén déng cia doi tirong doc theo truc y

trong thuc nghiém
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a) Quy dao chuyén dong b) Sai s6 huéng

Hinh 12. Quy dao hudng chuyen déng cia doi twgng trong
thuee nghiém véi bo diéu khién hon hop lec/vi tri chuyén déng
theo truc y
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Dbi tugng duge diéu khién di chuyén theo quy dao doc
truc y tur vi tri c6 toa d6 y=52,9 cm tdi vi co toa do
y=56,9cm, quy dao huéng goc xoay tir goc 0° t6i goc 8°.
Sai léch tinh chuyén dong theo truc y 1a 0,8 mm (2%),
hudng chuyén dong 0,2° (2,5%). Tir két qua thuc nghiém
Hinh 11 — Hinh 12 c6 thé thay, bo diéu khién hdn hop luc,
vi trf theo truc y va huéng chuyen d6ng cua ddi twong cho
két qua tot DPéi tugng duogc chuyén dong t6i vi tri, hudng
mong mudn véi sai 1¢ch tinh nho (2%). Tai vi tri can bang
dbi tugng dugc giir 6n dinh.

Tir két qua thyc nghiém 9 — Hinh 12 cho théy, bo diéu
khién 1am viéc t6t va 6n dinh. D4i twong duge giit chat va
chic chan trong qua trinh di chuyén. Nhu trong Hinh 9a —
Hinh 12a, két qua c6 dwoc quy dao vi tri va hudng cua dbi
tuong da bam voi quy dao dét, vai sai Iéch tinh nho, quy
dao chuyén dong doc theo tryc x sai l&ch tinh nho hon
2,5%, quy dao chuyén dong doc theo truc y sai l1éch tinh
nho hon 2,0%, quy dao huéng chuyén dong sai 1éch tinh
nho hon 2%, d6 qua diéu chinh nho dudi 2,5%. Hinh 9b —
Hinh 12b cho théy, tai vi tri can bﬁmg sai Iéch tinh 1a h.'?mg
$0, chung té ddi tuong duoc gitr on dinh tai vi tri can béng.
Nhu vy bo didu khién tya mé hinh hdn hop luc/vi tri dé
xuét cho két qua thuc nghiém tt.

Ké qua mo phong Hinh 4 - Hinh 7 va két qua thyc
nghiém Hinh 9 - Hinh 12 cho thay, két qua mo phong va
thuc nghiém khi chay thir nghiém phwong phap diéu khién
tyra mo hinh hén hop lue/vi tri co két qua trong dong. Dang
dd thi quy dao va sai sé chuyén dong theo truc X, truc y

va hudng chuyén dong clia ddi tugng gitta m6 phong va
thuc nghiém dang giong nhau, sai s0 cua két qua mo phong
nho hon, c¢6 chat luong tét hon. Do trong md phong hé
thdng 13 Iy twong, khau, khop cua cac tay may chuyen dong
ly tuong, dap tmg mo men ciia bo diéu khién cung cap cho
cac khop la ngay lap tuc.

7. Két luan

Vian @& diéu khién hdn hop luc va vi tri trong hé thong
tay may doi — ddi twong da dwoc nghién ctru giai quyét bang
sir dung thudt toan diéu khién twa mé hinh hon hop lyc/vi tri
trong bai nay. Dong thoi, d6 didu khién cho hé thong da dugc
md phong kiém chimg ciing nhu kiém chiing nhanh theo thoi
gian thyc bang card diéu khién thoi gian thyc DSPACE1103.
Céc két qua gitra mo phong va thuc nghiém cho thiy, dang

dd thi quy dao chuyén dong va sai s6 chuyén dong cua hai
két qua c6 dang tuong déng Céc két qua mo phong va thyuc
nghiém ciing déu cho thiy, quy dao chuyén dong cua doi
tuong da bam voéi quy dao dat, tai vi tri can bang ddi tuong
dugc gitr 6n dinh. Qua d6 thiy duoc rang, thuat toan diéu
khién tira mo hinh hdon hop luc/vi tri da dé xuét lam viée t6t
va 6n dinh. Pay 1a co s dé thay thuat toan dé xuét c6 tinh
kha thi khi dura vao hé thong thuc té.

Loi cam on: Nghién ctru ndy duoc tai tro boi Truong Dai
hoc Bién Lyc (EPU) theo dy an s6 PTKHCN.19/2022.
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