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Phan tich dong hoc ngugc cho tay may robot han 6 bac tw do
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Tom tit

Bai bao sir dung phwong phap giai tdng quat cho bai toan ddng hoc nguoc clia tay may robot 6 bac tw do cla
Raghavan va Roth phat trién dé 1ap trinh, phan tich va thiét k& dong hoc cho tay may robot han hé quang. Két
qua md phéng tir 1ap trinh dwoc kiém chirng bdng dwdng han mé phdng trén may tinh. Sau khi dwoc kiém ching
véi két qua mo phéng, chwong trinh dwoc dung dé thwe nghiém diéu khién tay may do nhdm ché tao han. Két
qua thi nghiém cho thay robot cé thé han theo dwéng thang véi chidu dai gan 380 mm.

Tir khéa: Bong hoc; déng hoc nguoc; robot han; tay mdy; robot.
Abstract

In this study, a general method for inverse kinematics of a 6R robot arm, which proposed by Raghavan and
Roth, is used to design, program and analyze the kinematics of an arc welding robot. The program was validated
by simulation. After validation with the simulation, the program was used to control a prototype designed and
fabricated by the authors. The experimental results show that the robot can perform a horizontal straight line

welding with the length approximate 300 mm.

Keywords: Kinematics; inverses kinematics; welding robot; robot arm; robot.

1. DAT VAN DE

Canh tay robot dwoc st dung ngay cang phd bién
trong san xuét cong nghiép. Do dd, cac nghién ctu
lién quan dén tay may robot dang thu hat sy quan tam
ctia nhidu nguoi. Mot sb nghién ctru c6 thé ké dén nhuw
tdi wu héa nang lwong cla robot trong qua trinh van
hanh théng qua viéc phan tich va tdi wu héa dap &ng
dong hoc cua cac khau trong sudt qua trinh van hanh
dé dwa trén nén tdng md phéng sé Matlab [1]. Bang
thuat toan di truyén (Genetic Algorithm) Iya chon dugc
quy dao van hanh cla khau thao tdc ma canh tay robot
phai bam theo, sao cho quy dao nay phai thda man
diéu kién t6i wu dwoc cho truwdc 1a cong suét tiéu thu
dé thuwc hién quy dao do phai dat cwe tiéu [2]. M6 hinh
héa canh tay may robot véi md hinh dam bién dang
coéng x6n va thiét ké bod diéu khién thich nghi trong
bai toan didu khién vi tri va tan téc cta tay may voi
hoi tiép lwc [3]. M6 phéng va dy doan lwc tac dung

Nguoi phan bién: 1. GS. TSKH. Than Ngoc Hoan
2. PGS. TS. Nguyén Tung Lam

vao dao khi tay may robot tw déng cat rau cu [4]. Diéu
khién bén virng cho mé hinh tay may robot dan hoi
bang phuwong phap thiét ké té6i wu toan phwong tuyén
tinh [5]. Bang phwong phap phan tlr hiru han, phan
tich ng x& cla vat liéu thuéc cac khau thao tac cua
tay may 5 bac tw do trong mét sb diéu kién lam viéc cu
thé, dé dwa vao dé téi wu hoa két clu cua tay may [6].
Dé giai quyét cac bai toan ké trén duoc, thi viéc giai
duwoc bai toan déng hoc cho tay may la hét stc can
thiét. Giai bai toan déng hoc cho phép ta xac dinh vi tri,
van tbc, gia téc clia mot diém bét ky thudc mot khau
nao d6 cla tay may trong mot hé quy chiéu cb dinh da
dwogc chon trwde. Bong hoc clda canh tay may robot
bao 96m hai bai toan chinh, dé6 la bai toan déng hoc
thudn va déng hoc nguworc.

Bai toan dong hoc thuan sé cho chuing ta biét méi quan
hé cla vi tri va hwéng ctia mot khau bat ky thudc tay
may trong hé quy chiéu cé dinh v&i toa dd suy rong
cla tay may; thong thuwdng toa d6 suy rong dwoc chon
la cac goc quay twong dbi hodc do doi twong ddi gitra
céac khau lién ké.
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Nguworc lai, bai toan ddng hoc nguoc cho ching ta biét
méi quan hé cla cac toa do suy rong cla tay may theo
vi tri va hwéng clda khau dang xét (thwdng la khau
cong tac) trong hé quy chiéu cb dinh.

Dbi véi bai toan dong hoc thuan cla canh tay may
robot c6 két cAu dang chubdi, hay két cAu ma cé khau
trwdc va khau sau dwoc két néilién tiép véi nhau thong
qua khép bac 1 va khau cudi cung hé, thi viéc thwe
hién la khdng gap kho khan v&i phwong phap théng
dung nhuw phwong phap ma tran Devit - Hatenberg [7].
Tinh toan téc do chuyén dong cla khéi tam va van téc
géc clia cac khau tay may bang phwong phap ma tran
Jacobi [7].

So v&i bai toan déng hoc thuan, bai toan dong hoc
nguoc khé khan hon vé moi mét. Cé 3 phwong phap
chinh @& giai bai toan déng hoc ngwoc: Phwong phap
phan tich c4u truc hinh hoc clia tay may, phwong phap
sb, phwong phap két hop.

Diém thuan loi & phwong phap phan tich cu tric hinh
hoc clia tay may la cung cap dwoc mdt ham sé twong
minh mé t& dwoc mdi quan hé giai tich gitra cac bién
& khoéng gian Descartes va cac bién khong gian khép
[8]. B4i voi mot sb rng dung doi hdi diéu khién & téc
dd cao hoac thoi gian thyc thi phwong phap nay cho
két qué nhanh. Tuy nhién, v&i tay may khéng gian ba
chiéu, phwong phap nay gap nhiéu khé khan.

Khéc véi phwong phap phan tich ciu trac hinh hoc,
phuong phap sb tiép can dwoc véi hau hét cac co ciu
canh tay may du phirc tap dén dau, va khéng can tén
qua nhiéu thoi gian va cong strc dé cai dat cac giai
thuat giai. Mot s6 phwong phap sé ndi bat cé thé ké
dén nhu phuong phap Newton-Raphson [9], phuong
phap ma tran twa nghich d&o [10]. Gan day, mang than
kinh nhan tao ciing dwoc siv dung dé giai cac bai toan
dong hoc ngwoc [12]. Tuy nhién, phuwong phap sbé
ciing c6 diém yéu so véi phuong phap phan tich ciu
trac hinh hoc nhw: Thoi gian tinh toan lau hon, khong
dw bao dwoc viéc ¢ sw xuat hién ctia mot sb diém ky
di, khéng tim dwoc phwong an néu ma tran Jacobian
la khéng kha nghich, cé thé khéng hoi tu dén phuong
an can tim.

Cudi cung, phuong phap két hop la phwong phap két
hop ca hai phwong phap vira ké trén. Cu thé, 1a sé lva
chon gom nhém mét cach hop ly cac bién khop dé st
dung phwong phap phan tich cau tric hinh hoc, va cac
bién khép con lai sé sir dung phuong phap sb.

Mot s cong trinh trong nwéc cé thé ké dén [13] gidi bai
toan déng hoc ngwoc cla robot Puma bang phuong
phap hinh hoc; céng trinh [14] st dung phwong phap
bién dbi dai sb cu thé Ia nhan chudi ma tran nghich dao
cla ma tran thudn nhat; dac biét trong [15] 4p dung
phuong phap két hop, gidi quyét bai toan nguwoc cho
mdi cum ba khau lién k&, trong d6 ba khau dau l1a diéu
khién vi tri, ba khau sau diéu khién hwéng cla robot.

Déi véi bai toan dong hoc nguoc clia canh tay may 6
bac tw do, Raghavan va Roth da nghién ctru tim cach
giai tdng quat cho moi ciu hinh hinh hoc [16]. Dwa
trén loi gidi cla Raghawan va Roth, Manocha da cai
tién tdc do6 thwe thi cha thuat toan thdng qua cong cu
tinh toan sé va dat dwoc két qua tinh toan chinh xac
v&i mét tbe dd rat nhanh [17]. Chinh vi vay, bai bao nay
sé str dung 16i giai tdng quat cho tay may robot 6 bac
tw do ¢ cAu truc dang chudi do Raghawan va Roth dé
xuét dé thiét ké va phan tich ddng hoc cho tay may. Tay
may duorc thiét k& dé phuc vu cho viéc han hé quang,
tdm véi cla tay may la 500 mm. Trwéc khi thiét ké
doéng hoc cho tay may, co sé ly thuyét vé dong hoc tay
may va phwong phap gidi tdng quat ctia Raghawan va
Roth dwoc trinh bay mét cach van tat, tiép theo sé la
két qua phan tich déng hoc ngwoc cla tay may.

2. PONG HOC THUAN TAY MAY ROBOT VOl 6
KHGP XOAY

Quy tac dat hé truc toa do cua Devit - Hatenberg duoc
st dung d& mé hinh héa déng hoc clia canh tay robot
dang chubi. Cac khau dwoc danh sb tir 0 dén 6. Khau
sb 0 1a khau cb dinh, khau sb 6 1a khau cudi cla tay
may. Ta gan cing trén khau thtr i (i = 0 - 6) mot hé
truc toa do thr i. Hé toa d gan 1&n khau 0 1a hé toa do
chudn, hé toa d6 gan 1&n cac khau déngi (i=1-6)1a
hé toa dd suy rong. Khi dé, dong hoc cta vat ran thir i
c6 thé dwoc mé ta gian tiép thong qua phép bién dbi tiv
hé toa dé dong thir j sang hé toa d6 dong thir i - 1. Luc
nay, théng qua 4 thdng s6 va co sé cla hé toa do thiy
i - 1 (R.,) bién dbi thanh co s& ctia hé toa dd thir i (R)
thdng qua:

R[—] = AixRi

Trong 4do:

A, la ma trén vudng cép 4 con dwoc goi 1a ma tran
Devit - Hatenberg. Ma trén A, ¢6 cac thanh phan cu thé
nhw sau:

G sk Sl ai¢

A = |5 A —Cilp a;S;
0w A d;
0 0 0 1

Trong dé:

ci =cos0;;

s; =sinb;;

Aj = cos a;;

Ui = sinaq;.

Goi R, 1a co s& cla hé truc toa dd cd dinh, R, 1a co s&
cla hé truc toa dé dong gén chat vao khau thao tac
cudi cung clia canh tay robot. Ta co:

R,=A,, xR

hand 6
Trong do:
AIXAZXAJ‘XA4XA5XA6=Ahand (1)
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3. PHUONG PHAP TONG QUAT GIAI BAI TOAN
PONG HOC NGU'QGC TAY MAY ROBOT 6 BACTU' DO

Dwéi day la tom lwoc phwong phap giai tdng quat do
M. Raghavan va B. Roth dé xuét [16]. Xét bai toan téng
quat tay may robot 6 bac tw do gdm 6 khép xoay 6R
véi moi ciu hinh. Dé thuan tién cho viéc téi wu chi phi
tinh toan, ma tran hoan toan cé thé phan ra thanh tich
cla hai ma tran nhw sau [16]:

Ai =Aiv X Ais (2)
Trong dé:
¢ —=s; 0 0
S ¢ 0 0
Ay = R,(6) = 01 01 1 0
0 0 0 1
1 0 0 a
0 A4 —w O
Ais = Tz(di) ’ Tx(ai) ’ Rz(ai) = 0 .ul' /1#1 d.
l l l
0 O 0 1
Béang cach thay (2) vao (1) va khir ta thu dwoc phwong
trinh [16]:
[S4557 $155-
S4Cs P
C4S5 €15y
C4Cs €.Cy @)
P S4 = Q . Sl
Cy
€1
Ss
S2
s L cy |
L 1
Trong do:

P la ma trén cé kich thwdc 14 x 9 ma cac thanh phan
clia né la té hop tuyén tinh cta ¢, 5, va Qla ma trén
c6 kich thuéc 14 x 8 ma cac thanh phan cia né déu
la hang s6.
T (3), ta tiép tuc khir 0, 0, ta sé thu duogc [16]:

-S4 S5
S4Cs
C4Ss
C4Cs
> |s, [=0 4)

Cs

Trong d6:
Y la ma tran co kich thwéc 6 x 9 ma cac thanh phén
ctia no 1a t& hop tuyén tinh cla c,, s,. Bang cach doi

iy 11— xf _2x
bién ¢; = 1+xi2'si 14 x?
va ap dung phép khtr Sylvester [17], [18] ta dwoc:

i =3,4,5, bién dbi(4)

LIEN NGANH BIEN - BIEN TU - TU DONG HOA

F

L 1
Phwong trinh (5) 1a 12 phwong trinh doc 1ap tuyén tinh.
Dé (5) c6 nghiém khong tam thwong thi:

(2 D)=0 (©)

Phwong trinh (6) la phwong trinh da thirc bac 24 theo
an x,. Khai trién da thirc (6) va giai tim nghiém x, ta sé
thu duoc 6, sau do tw (5) ta giai hé phwong trinh bac
nhat ta sé thu dwoc 6, 6,. Sau khidaco 6, 6, 0, tw
(3) ta sé thu dwoc 60, 6,. Cudi cung twr (2) va cac géc
da tim dwoc ta thu dwoc 6,.

4. TIM NGHIEM X,

Dé tim nghiém x,, ta can tim , sau do thay vao (6), sau
do sé giai tim nghiém x.. DuwéGi day, cac buoc giai sé
dwoec trinh bay mét cach tom lwerc.

4.1. Cach thanh lap >’

Theo cach gidi cia M. Raghavan va B. Roth [16] dé&
xuét & muc 3, tir (3) phai qua nhiéu bwéc xi ly tinh
toan hinh thirc phirc tap méi cé thé dén dwoc phuong
trinh (5). Dac biét, viéc khai trién dinh thirc cap 12
trong (6) bang tinh toan hinh thirc s& mét nhiéu thoi
gian, tinh toan phurc tap va tai nguyén bd nhao.

DPé tranh viéc tinh toan phtc tap ké trén, Manocha
trinh bay mot phwong phap tinh 3" bang cach phan ra
ma tran P & (3) vé dang [17]:

P=P xc,+P,%xs, +P, (7)
Trong dé:

P, P, P la cac ma tran hang sb c6 cung kich thudc
vGi P. Bang cach thay ba cap gia tri khac nhau (c,, s,)
vao (7) rbi gidi ra, ta sé thu duoc P, P, P,.

DPé thu dwoc Y, ta xady dwng ma tran phu tro CM nhw
sau: [17]

CM=[QP,P,P,).
Ap dung phwong phap khir Gauss dwa CM vé dang

ma tran bac thang rat gon CM" véi cac phan tlr co s&
& 0: [17]

e[l PBOPPS

“lo P, P, P,
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Trong dé:
11a ma tran don vi cép 8;

0 1a ma tran c6 kich thwéc 6 x 8 ma cac thanh phan
déula 0, P*, P*, P* c6 kichthwéc8x9, P’ P, P,
¢ kich thwée 6 x 9. Khi do, ta ¢co [17]:

=P, Xc,+P x5 + P,

Tir d6, ta cd thé xay dwng ma tran 3" cé dang nhw sau [17]:
> =Axx,+Bxx,+C. (8)
4.2. Tim nghiém x,

Theo céach thanh lap ma tran 3" [16], ta c6é dang ma
tran > nhw sau:

1+x2 0 0 0 00

0 1422 0 0 00
g-| 0 0 1+x 0 0 0|y

0 0 0 1+4x2 0 0

0 0 0 0 10

0 0 0 0 01

Khi d6, phwong trinh (6) la phwong trinh da thirc bac
16. Gidi phwong trinh béc 16, ta sé co dwoc nghiém x,.
Thay x, vao (4) dé tim 6, 0,. Tiép tuc, thay cac gia tri 9
6, 0,vao (3)détimra 6,0,

5.PHUONG PHAP RAGHAVAN V31 ROBOT €O CAU
HINH PAC BIET

Xét canh tay robot 6 bac tw do cé khau cd tay (wrist) 1a
3 khau cubi cé truc quay ludn giao nhau tai mot diém
chung ndo d6 va loai robot nay cé diém chung la a,=a,
=d_=0. Loai tay may nay dwoc xem la tay may co6 cau
hinh d3c biét. Chinh vi d&c diém dac biét nay, ma mot
sb cot clia S sé phu thudc tuyén tinh véi nhau va lam
cho matran 3 bi suy bién cu thé ltc nay hang cta 3 bé
hon 6. Diéu nay dan dén (6) hién nhién dang, do dé ta
khong thé dung diéu kién nay dé tim x,. Dé khac phuc
hé qua nay, [16] chi ra cach thu nhé khong gian cot clia
3 béng cach nhém céc cdt phu thude tuyén tinh thanh

cac ¢t m&i quan sat khai trién caa P, P, P, goi c,,
C,,.-C, la céc cot cla no, ta co:
As X iy
C4=—A4XC1; CGZ—XC]_,'
Hs
As X Uy
Cy =Ay X 3565 =———X <356, =0
Hs

Nhw vay, P, P,, P, s& chi con lai 4 cot va vecto an chi
con 3 4n dwoc nhém lai nhw sau:

As X iy
X1:S4X SS_A4XC4XC5+—XC4
Us
A5 Xy
X, =cCy XS5 + A, X5y X5 +———X5,
Us

X3:C5

Sau do ap dung thuat toan twong tw nhw da trinh bay
& muc trén, tuy nhién khi tim dén ma tran A, B, C ta
bd tly y hai hang bat ky, lic nay dinh thirc chi con lai
la cAp bdn.

6. LU'U PO GIAI THUAT GIAI BAI TOAN PONG HOC
NGHICH

Ly thuyét dwoc trinh bay & trén dwoc ap dung dé lap
trinh gidi bai toan dong hoc ngwoc cho tay may robot.
Lwu dd gidi thuat dé 1ap trinh gidi bai toan dwoc trinh

bay nhw trén Hinh 1.

Py, Ry
Bang thong s6 DH
1

- Tinh P, P,, P;

- Xay dyng ma tran 2’

- Giai tim x; (c6 n nghiém, n <16)
- Khai tao m =0

m=m+1
— Ung v6i nghiém x; thi m, giai tim
cac nghiém 0 (i=1+6)

Tinh sai sb vi tri va huéng & |

@

Pung

Luu trir két qua

Hinh 1. Luu db6 gidi thudt Idp trinh gidi bai todn
dong hoc nguoc
Mbi dwérng han mong muén dwoc chia ra nhiéu diém
khac nhau. Cac diém nay chinh la vi tri cGa khau cubi
clia tay may robot. Bén canh viéc tay may cham dén
dung vi tri can han, hwéng ctia mé han ciing phai hop
v6i dwong han theo mét géc nhét dinh theo yéu cau
clia ngudi van hanh. Chuong trinh can dwa vao vi
tri va huwéng cla mé han theo yéu cu, can tinh ra
dwoc cac goc quay can thiét twong trng cla cac khop.
Trén Hinh 1, di¥ liéu dau vao cla chwong trinh gém:
Vi tri (P,), hwéng (P,) cha khéau cudi & vi tri tht k trén
dwdng han va cac thong s6 clia ma tran DH cua tay
may robot. D4u ra clia chwong trinh 13 gia tri cla cac
goc quay 6. (i = 1 + 6) cua sau khép xoay twong ng.
Dwa vao cac gia tri dau vao, ta xac dinh dwoc: gia tri
cla P, P,va P, matran ¥ dwa theo cac phwong trinh
(3), (7) va (8). Tiép theo, giai phwong trinh da thirc d&c
treng cla (8), ta dwoc x,. Khi gidi tim x,, ta ¢ thé thu
duoc t6i da 16 nghiém. T két qua cla x,, si dung
cac phuwong trinh (1), (3) va (5) dé tim cac goc quay 6,
con lai. Két qua cta cac goc 6, dugc lam dau vao cho
bai toan dong hoc thuén tim vj tri ‘P va hwéng P, cla
khau cudi, nham kiém tra tinh chinh xac cla Ioi giai
bai toan doéng hoc nguoc. Néu d6 Ién € cla sai khac
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twong (rng gira két qua vé hwéng va vi tri cla bai toan
déng hoc thuan va gia tri ctia vi tri va huéng dau vao
ban dAu (vi tri va hwéng mong mudn) nhé hon 107 thi
két qua cac goéc quay dwoc ghi nhan lai dé dung cho
viéc diéu khién tay may. Néu sai s6 lon thi nghiém x,
twong (rng sé bij loai va tiép tuc kiém tra cho nghiém x,
tiép theo néu con. Néu tat ca cac nghiém x, d& duoc
ra soat thi dirtng chwong trinh. Nhw vay, viéc gidi bai
toan déng hoc nguwoc cho tay may robot & vij tri thr &
da duoc giai quyét.

Téng két lai, dwa vao co s& ly thuyét da trinh bay &
cac muc trwdrc, ta cé thé giai bai toan déng hoc nghich
véi moi ciu hinh hinh hoc clia canh tay robot sau bac
tw do théng qua “Lwu db giai thuat dong hoc nghich” &
trén. Lwu dd giai thuat nay duwoc st dung dé 1ap trinh
trén Matlab nhdm giai bai toan déng hoc nguoc cho
tay may robot. Chwong trinh nay duwoc tich hgp vao
chwong trinh diéu khién cta tay may do nhém tac gia
phat trién.

7. BAI TOAN AP DUNG

Bai bao nay van dung co s& ly thuyét trén day dé giai
cho bai toan tay may 6 bac tw do dung cho viéc han
hd quang do nhom tac gia thiét ké va ché tao. Tay may
duoc thiét ké dé han cac dwong han trong khéng gian
ba chiéu. Tuy nhién, trong khudn khé bai bao hién tai,
nhém tac gia chi xét thyc nghiém véi cac dwdng han
dang thang. Chiéu dai dwdng han téi da dwoc thiét ké
& 500 mm.

7.1. M6 hinh ctia tay may

So d6 déng hoc clia tay may dworc trinh bay trén Hinh 2.

Trong d6, X,, ¥,, Z, la hé tryc toa dd c6 dinh gan cing

véi thm clha dé tay may. Cac khép xoay dwoc danh sb

tr 1 dén 6 nhw trén hinh, goc quay 0,(i=1-6)clacac

khép twong rng voi cac bac tw do cia tay may. Hé

truc toa do X, Y, Z cla cac khép dwoc dinh nghia sao
cho truc Z la truc quay cla cac khop.

X
X e
" Joo G

© o B
X 28 ."\

J“&.XJ

Hinh 2. So' dé déng hoc cta tay mdy

LIEN NGANH BIEN - BIEN TU - TU DONG HOA

Vi so dd dong hoc nhw trén Hinh 2, ta c6 bang théng
s6 Dennavit - Hartenberg cta tay may nhw trong
Bang 1.

Bang 1. Bdng théng s6 Dannevit - Hartenberg

Khau 6, d,(m) | a (m) a, (rad)

T

1 6, 0.150 | 0.120 -3

T

2 o 0, 0.000 | 0.270 0
T

3 6, 0.000 | 0.205 -3
T

4 6, 0.238 | 0.000 -

5 6, 0.000 | 0.000

6 6, 0.339 | 0.000 0

Dwa trén so dé dong hoc, mé hinh 3D cla tay may
dworc thiét ké nhw trén Hinh 3. Khau 6 ding dé mang
mé han. Cac khau 4, 5, 6 quay quanh cac truc quay

giao nhau.
Khéu 5 Khén 4 \
Khau 6 \ Y % \
REE- R \\
— N\
/ \\_“ \ N L _‘—J A
: \ ’ ‘f%\Khaua
A
N Khiu 2
Khau 1
b} -
Chén dé }

Hinh 3. M6 hinh 3D ctia tay mdy

Sau khi khi thiét k&, mé hinh robot dwoc gia cong ché
tao va lap rap nhw trén Hinh 4. Cac khau duoc lam
bang vat liéu nhém dé viéc gia cong dwoc dé dang
hon so véi thép va gip gidm nhe khdi lwong cla cac
khau gitp viéc diéu khién duoc dé dang hon. Chan dé
may dwoc thiét ké cao Ién nhw trén hinh dé tay may
c6 khong gian bén dwdi nham b tri cac mau dé han.
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Hinh 4. Tay mdy hoan thién
7.2. Két qua bai toan dong hoc nguoc

Chuwong trinh dworc 1ap trinh trén Matlab & Muc 6 dwoc
dung dé giai bai toan déng hoc ngwoc cho tay may
va dya vao két qua bai toan dong hoc nguoc dé diéu
khién tay may han theo quy dao dwoc chi dinh truéc.

Trwéde khi dung dé diéu khién tay may, chwong trinh
gidi bai toan déong hoc nguwoc dwoc ther han gia lap
dwong han tir A dén B véi chiéu dai khoang 380 mm
véi téc d6 7 mm/s. Két qua cac géc quay cla cac khép
dwoc cho trén Hinh 5a va quy dao dwong han dwoc
vé trén Hinh 5b. Két qua mé phdng cho thdy mé han
di theo ding dwéng thdng mong muén, cac goéc xoay
cta cac khop thay dbi mot cach tron, khong thay dbi
doét ngét. Diéu do chirng té viéc tw dong chon nghiém
trong qua trinh gidi bai toan déng hoc ngwoc la hop
ly va két qua giai 1a chinh xac. Cac géc xoay cla cac
khép nhw trén Hinh 5a ndm trong gi¢i han vé co khi
thwce té trén mé hinh robot do nhém thiét ké va ché tao.

Goc #, i3

60

-80

-100
0 10 20 30 40 50 60

Thoi gian (s)

a. Cac goéc xoay cua cac khdp

0.16 «

0.155

0.75
0.2 0.7
0.65
0.1

y (m)

06
0 055 x (m)

b. Quy dao mé phong clia dudng han
Hinh 5. Két qud mé phdng déng hoc nguoc

Sau khi, kiém tra trén bai toan mé phdng, chwong trinh
dong hoc ngwoc dwoc dung vao viéc diéu khién tay
may. Khi tién hanh han thwc t&, mé han dwoc didu
khién dén vi tri diém A, vi tri cla diém A duwoc luu lai
trén phan mém. Tiép theo, md han dwoc dich chuyén
dén diém B, toa do cla diém B dwoc lwu lai. Dya vao
toa dd cla hai diém A, B va hwéng ctia mé han tai A,
va van téc di chuyén mong muén ctia mé han, chuong
trinh ddng hoc ngugc sé tinh ra cac goc theo thoi gian
dé truyén xubng mach diéu khién mé han.

C6 6 thi nghiém duwoc thwc hién dé kiém tra kha nang
lam viéc tay may dwa trén két qua clia bai toan dong
hoc ngwoc. Chiéu dai ciia cac dwdng han trong cac thi
nghiém twong ng la 200 mm, 330 mmm, 350 mm va
380 mm. Trong d6 dwédng han 380 mm dwoc lap lai 3
lan (A,B,, A,B, va AB,) & vi tri gan nhau. Két qua han

171

thwe té dwoc cho nhw trén Hinh 6. Két qua han thuc
té cho thdy dwong han twong ddi thdng va cham dung
diém A, B da chon khi tién hanh thi nghiém.

(L V0L L ] T T il ]
el g P T Pl P R R B R

a. Dudng han dai 200 mm (Tir diém A dién diém B)

\ C-MART
¥ (1 " '

D00 15-500

c. budong han dai 350 mm (Tir diém A dién diém B)
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d. Ba duding han c6 cuing chiéu dai 380 mm (T diém
A, dién diém B,; Tir diém A, dién diém B,; Tir diém A,
dién diém B,)

Hinh 6. Két qud han thuc té

8. KET LUAN

Bai bao st dung phwong phap do Raghavan va Roth
dé xuét dé giai bai toan dong hoc ngwoc cho tay may
han 6 bac tw do. Chwong trinh Matlab dwa trén phwong
phap giai trén da dwoc xay dung va dwoc kiém chirng
han theo dwdng thang trong khong gian. Bén canh két
qua mé phong, két qua han thyc nghiém ciing dwoc
tién hanh trén tay may do nhom thiét ké va ché tao. Két
qué thwe nghiém cho thay tinh hop Iy cla 16i gidi bai
toan dong hoc ngwoc clia tay may. Tuy nhién, chwong
trinh can dwoc thir nghiém véi nhiéu dang dwong han
hon, cac két qua bd sung nay, nhém tac gia sé cap
nhat trong twong lai gan.

LOI CAM ON

Bai bao nay duwgc thye hién dwya trén cdng trinh nghién
ctu duoc hd tro bdi S& Khoa hoc va Cong nghé tinh
Quéng Ngai, ma sb dé tai 02/2019/HD-DTKHCN.
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