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TOM TAT

Bai bao nay dé xudt mét cdu triic dong hoc
méi cho mét tay may cong nghiép dur dan déng
dang chudi. Pdy la mét co cau tay may méi duoc
phét trién dua trén y tuwong cdi tién robot cong
nghigp 6 truc IRB 2400 ciia ABB. Tay mdy duoc
dé xuat gom 6 khép quay va 2 khép chuyén dgng
tinh tién. Do c6 hai khép quay bi phu thuge co
khi véi nhau lam cho hé chi ¢6 7 bdc tir do. Hai
khép tinh tién sé gitip cho co cdu tay may c6 thé
thu nhé hogc phéng to cau hinh nham tgo ra mét
khdng gian lam viéc linh hogt. Bai bao thuc hién
cac phdn tich dong hoc thudgn va nguoc cia co
cau tay mdy. Pong hoc thudn cia tay mdy dwoc
phan tich dua trén ly thuyét Denavit-Hartenberg,

trong khi dé dong hoc ngugc duwoc tinh todn dua
trén mgt ham toi wu dé toi thiéu héa chuyén dong
cua mgt khép quay va hai khép tinh tién nham
tiét kiém nang lwong va giit cho co cdu tay may
hoat déng cing chdc, an toan. Phwong phdp s6
Newton Raghson dwot img dung dé gidi bai toan
toi wu nay. Két qua mod phong trén phan mém
Matlab d@si véi mét quy dao cua tay may trong hé
toa dp Pé cdic twong vng Vi cdc géc quay va dé
dich chuyén cua céac khdp trong hé toa dé suy
réng. Pdy la mét co cdu méi véi rat nhiéu tiém
nang 1vng dung, dac biét trong gia cong ldp ghép
co khi bang phwong phdp nhiét.

Tir khéa: Tay mdy dw dan déng; RObot dur dan déng; RObot 7 bac tw do; tay may 7 bdc tw do; dong
hoc nguge; dong hoc robot chudi; phirong phdp s6 Newton Raphson; robat IRB 2400.

1. GIOI THIEU

Hién nay trong thuc tidn san xuét co rat
nhiéu don vi thyc hién viéc gia cong, ché tao va
Iip ghép co khi. Trong d6 viéc gia cong lip ghép
céc chi tiét kim loai bang phuong phap nhiét dang
dugc st dung hi¢u qua. Phuong phap nay dugc
thuc hién bang cach nung néng céac chi tiét kim
loai rdi gia cong, ép chiing vao nhau bang mét huc
ép manh. Hinh 1 minh hoa mét tng dung cua
phuong phap nay. O d6 céc chi tiét co khi s& dugc
nung néng d6 & nhiét do cao va sau d6 dugc robot

gap dé ghép v6i mot chi tiét khac dat trén mat
phang vudng géc véi mat dat. Viéc di chuyén chi
tiét tir vi tri nung dén vi tri ghép thuong ton thoi
gian vai nhiéu cong doan thao lip phuc tap dan
dén lam giam nhiét 6 cua chi tiét va ning suét.
Hon nita viéc ga lap cac chi tiét thiéu chinh xac
c6 thé dan dén léch thm va pha hong san pham.
Vi vay dbi véi ung dung gia cong ldp ghép bang
phuong phap nhiét thuong s dung cic tay may
cdng nghiép nhu robot sau truc IRB 2400 cua
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ABB. Tuy nhién trong mot s6 truong hop doi hoi
cau hinh robot va khdng gian 1am viéc linh hoat
hon. Vi du nhu trong mot phin xuéng san xuat
trén Hinh 1, cac chi tiét co khi dwoc dé trén nhiing
cai khay gan pham vi hoat dong cua robot sau
truc. Tuy nhién do kich thuéc cta cac khau trén
robot la ¢ dinh nén khdng gian 1am viéc (tim voi
cta canh tay robot) bi han ché. Vi thé d6i khi
nguoi van hanh phai dich chuyén céc chi tiét trén
khay hoac dich chuyén khay dé dua chi tiét vao
dting khong gian lam viéc.

Hoat djng cua
métrobot cong
nghiép khaicl1

/ néng dé
7

14

Robot.¢ong

nghiép

Hinh 1. M6t tng dung cua robot trong gia cong lip
ghép bing phuong phap nhiét

Vi thé tac gia da nghién ctru va dé xuat mot
c4u tric tay may cong nghiép phu hop hon véi
{rng dung nay. Cu triic dong hoc cua tay may nay
dugc phét trién dua trén y tuong cai tién tay may
cong nghiép séu truc IRB 2400 cua ABB. Céiu
trdc tay may mai nay sé cé bay bac tu do va lam
viéc nhu mot rdbdt cong nghiép dé gép chi tiét
dugc nung néng va gép vao mot chi tiét khac vai
d6 chinh xac cao va thoi gian ga lip nhanh. Ngoai
ra co ciu nay ciing ¢6 thé duoc tng dung trong
céac linh vyuc cong nghiép khac nhu dong tau, gia
cong co khi, 1ap rap may mac va van chuyén san
pham.

Déi véi cac co cdu du bac ty do thi dong hoc

nguoc khé c6 thé tinh dwoc bang cac phuong
phap thong thuong vi s6 phuong trinh doc lap it

hon s6 4n hoic cac phuong trinh lwong gidc qué
phtic tap. Vi thé phuong phap sé thuong duoc
dung dé tim nghiém cho bai toan dang nay (theo
[1-9]). Trong d6, Iya chon ham t6i wu 1a mot véan
dé quan trong lién quan dén quy dao chuyén dong
Clia co cau va tinh tbi uu trong viéc sir dung ning
lwong. Bai toan dong hoc nguoc 1a mot mau chét
quan trong dé c6 thé md phong chuyén dong vi
tri cua co cdu. Do vy céc tac gia dat trong tam
vao Vviéc giai bai toan déng hoc ngugc va md
phong chuyén dong cua co ciu trén phan mém
Matlab.

2. PE XUAT MOQT CO CAU TAY MAY DU
DAN PONG MOl

Hinh 2 miéu ta mot co cAu tay may dang
chudi vai 6 khép quay (theo thir ty 1a cac khop 1,
2,4, 6,7 va8) va 2 khép chuyén dong tinh tién
(khép 3 va 5). Do céc khap quay 2, 4 bi phu thude
co khi vé4i nhau lam cho hé chi cé 7 bac tu do va
gilp cho khép 5 ludn song song véi mat dat dé
ph hop véi ting dung trong gia cong lap ghép
bang phuong phap nhiét. Hai khép tinh tién con
gitip cho co cu ¢d thé thu nho hoic phéng to ciu
hinh dé tao ra mot khong gian 1am viéc linh hoat.

Hinh 2. Mét céu tric tay may du ddn dong mai
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Hinh 4. Hé toa d6 cua co cAu tay may
dang chudi 7 bac ty do

Co ciu robot trén hinh 2 dwogc cai tién tur
robot IRB 2400 cua ABB khi dua vao thém hai
khép chuyén dong tinh tién s6 3 va 5 dé thay doi
chiéu cao va chiéu dai tay may (robot IRB 2400
trén hinh 3 c6 6 khop quay va tat ca cac khau la
cb dinh). Vi vay céu tric dong hoc trén Hinh 2 s&
gidng vai tay may cong nghiép IRB 2400 (hinh
3) khi hai khép tinh tién 3 va 5 dugc ¢ dinh,
dong thoi khong cé rang bugc giira khép 2 va 4.
Hé toa d6 cua co cdu tay may va cac khop ciing
dugc thé hién trén hinh 4. Khép 1 chuyén dong
guanh mot truc thang ding Z,véi goc quay 6, ,

trong khi d6 khéu 1 (OO, ) nghiéng mét goc 6,
so véi hinh chiéu cua né xudng miat phang dat.
Khép 2 quay quanh truc Z, véi géc quay 6, va
khop 3 dich chuyén 1én xuéng doc theo truc Z,
v6i d6 dich chuyén d, . Riéng khép 4 mac di van
quay quanh truc Z, véi goc quay 6, nhung bi
rang bugc vei khop 2 sao cho 6, +6, = pi/2va
khép 5 dich chuyén ngang theo truc Z, voi do
dich chuyén d,. Céac khép 6, 7, 8 lan lugt quay
guanh cé&c truc tuong wng véi goc quay la
65,0, ,6, .Tén cac goc quay dugc dinh nghia sao
cho phd hop véi bang tham sé dong hoc DH
(Denavit Hartenberg) nén thi tw cé khac nhau.

3. NGHIEN CUU PONG HQC THUAN

Tham sb dong hoc DH cua co ciu tay may 7
bac tu duoc miéu ta cy thé & Bang 1. trong do, a;
Ia khoang cach giita hai truc Z (truc khép): di 1a
khoang cach gitra hai truc khau (truc X); a; la goéc
gitra cac truc khéop do tur truc khau tha Ziatoi Z;
theo huéng duong 1a truc Xi; 6, 1a goc gitra hai
truc khau tir Xiatai Xi theo hudng duong la truc
Zi1.

Tir d6 6 thé tim dwoc ma tran chuyén vi tir
truc toa do thir i dén truc toa do thir i-11a:;

cosg, —cosg;sing, sing;sing,  a; cos o,
p sing,  cosq;cosé; —sing;cosd, a;sinég,
"o sing, cosa, d,
0 0 0 1
o))

Dua theo cach chuyén nay thi vi tri va huéng
cua khau thao tac c6 thé dugc xac dinh tir cac
thanh phan cua ma tran sau:

T="A="A"AA A ASAS A A =[u v wq;0001]
)
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Trong  dé,u” =u, u, u, ] v =y, v, v,].
w = [Wx w, Wz] 1a céc véc to xac dinh huéng
va g = [qx a, qz] 1a véc to xac dinh vi tri cua
khau thao tac;

Bing 1. Tham s DH ciia co cau
tay may 7 bac tu do

Khiu | a; o; | 4 8. Gia tri dau
1T |a 90° | d, 6, 900
(0.22m) (0.420m)
2 |o 907 [0 8, 0
3 0 90° | ds 0 1.025m
(Ilza}'dc;i)
4 0 0|dy 0 0.5645m
(te'mydrf;z')
5 ay 90° | 0 8.=90°-g, | 90°
(0207m)
6 0 -90° | 0 A 0
7 0 g0° | 0O g, 0
FE) 0| ds ] 0
(0.018m)

u, =—Co0sé, siné, cos b, +
siné, (sin 6, cos @, cos 6, + cos , sin b, )
®)

u, =-sing,sin®, cos g; —
cos 6 (sin 6, cos 6, cos 6, + cos b, sind, )

(4)
u, = cos g, cosd, cosd, —sin g, sin g, (5)
Vv, =C0sé,sin@, sing, +
sin@,(—sin g, cos @, sin @, + cos J; cos )
(6)
v, =sing,sing, sing; —
cos 0, (—sin @, cos @, sin 6, + cos 6, cos 6, )

()
Vv, =—C0S 6, cos, sin g, —sin &, cos 6, (8)
W, = C0s, cosd, +sind,sing,siné, 9)
w, =siné, cos @, —cosf, sin g, sin o, (10)

W, =cos 6, siné, (1)

q, =cosd,(a, —d,siné, +d, +d,cos @, )+ 12)
dgsing,sing,siné,

d, =sind;(a, —d,sing, +d, +d;cosg; )~ (13)

dg cos g, sing, siné,

g, =d, +d,cosé, +a, +dg cosd,siné, (14)
4. NGHIEN CUU PONG HQC NGUQC

Trong véan d& dong hoc nguoc thi vi tri va
huéng cua khau thao tac s& duoc cho trude dé
tinh toan vi tri cia cac khop (goc quay ddi véi
khép quay va do dich chuyén déi vai khép tinh
tién). DSi voi co cau 7 bac tu do nay thi cac véc
to chi huéng u, v, wva véc to vi tri ¢ cta khau
thao tic duoc cho dé tim nim goc quay
6,0, 6,0, 6, (do rang buoc co khi nén
0, = pi/2—0,) va hai khép tinh tién d,, d, .

Pay 1a mot co cau du dan dong 7 bac ty do
nén viéc tim vi tri cac khop biang phwong phép
thong thuong 1a rat kho khan. Giai phap duoc dé
XUt & day 1a tim vi tri cia mot sb khop dua vao
bién d6i phuong trinh dong hoc néu cé thé, sau
d6 st dung phuong phép sé véi cac ham rang
budc phii hop dé tim vi tri cac khap con lai.

Dau tién vi tri cua diém P (duoc goi 1a diém

tam c6 tay) c6 thé dwoc tinh nhu sau,

PT = [px py pz]: [qx _dSWx qy _dSWy q, _dswz]
(15)
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o&%z ¥ P

X
b] Case 1:0:<0

Hinh 5. Vi tri diém P trong mit phing ding
Tur Hinh 5 ¢ trén thi géc quay ctua khdp 1 ¢
thé d& dang tim dwoc nhu sau:

0, :tan’l(py/ px) (16)

Cing tr Hinh 3 dan dén quan hé

p, =d; +d,cosb, +a,va
VPi+pl=a —d,sing, +d,. Tirdé co thé tim

dugc cos®, =(p, —d, —a,)/d,va

siné, =(a1 +d, —\/prpi)/ds. Nhu vay géc
quay cia khép 2 ¢6 thé tinh dugc nhu sau:

6, =atan 2(sind,,cos 6, (17)

Do c6 rang bugc dé khép tinh tién d, ludn

chuyén dong theo phwong ngang song song vdi
mat dat nén goc quay caa khép 5,

0,=pil2-0,, pi=314 (18)

Tiép theo nhan hai vé cta phuong trinh (7) véi
cos 8, va phuong trinh (8)sind, roi cong lai dé

dugc quan hé sau: w, cos 6, +w, sing, =cos g, .
Tir d6 tim dugc gdc quay cua khép 7,
6, =+acos(w, cos 6, +w, sing, ) (19)

Do ¢6 hai nghiém bang nhau vé do lon
nhung khéac ddu nén viéc hra chon gia tri nao phu
thudc vao diéu kién dau va gia tri goc quay trudc
d6. Tuong tu cling tu phuong trinh (9) va (10)
dan dén quan hé sau,
sind = (w, sing, —w, cos 4, )/siné,.

Mat khac tir phuong trinh (11) tim dugc,
cos g5 =w, /sinéd, . Do vay goc quay cua khap 6
1,

6, = atan 2(sin g, cos 4, ) (20)

G6c quay khop 8 gin véi khau thao thac
ciling c6 thé duoc tinh théng qua cac phuong trinh
dong hoc & trén. Tir phuong trinh (3) va (4) dan
dén  cosd, =—{u, cos g, +u,sing,)/sing,va tir
(6) and ©) din dén
sind, =(v, cos 6, +v, sing,)/sing,. Cudi cling
g6c quay cua khop 8 dugc tinh bang mot cong
thire lwgng giac don gian nhu sau,

6, =atan 2(siné,,cos 6,) (21)
Nhu vay 1a thong qua bién dbi toan hoc céc

cac goc quay
6, 6, 6,, 8, c6 thé dugc xac dinh. Vi tri cua

phuong trinh dong hoc,

céc khop con lai, 6,,d,, d, c6 thé tim duoc
bang phuéng phap sb. Trong rat nhiéu phuong
phép thi phuong phip s6 Newton Raghson da
dugc sir dung phé bién dé tim nghiém céac phuong
trinh phi tuyén.
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Vi tri cac khép can t6i wu, 6, ds, d, duoc
xem xét trong mot mién xac dinh phu thudc vao
khong gian 1am viéc thuc té cua co ciu tay may.
0 day cb thé gia st

92 C[HZmin’ 92max]’ d3c[d3min' d3max]’d4c[d4min' d4max]f _ 8L _

, trong d6 chi s6 min va max thé hién gia tri nho
nhit va 16n nhat caa mién xac dinh do.

Gia str vi tri ban dau cua cac khop dugc cho
nhusau, 6, =6,,, d;=d,,,d,=d,,. Paylavitri
ma co cau tay may dich chuyén cac budc dau tién
va ham t6i uu duoc dinh nghia sao cho sy dich
chuyén cua cac khop chinh @, d, d, Ia it nhat.
Viéc nay ciing dan dén tiéu hao nang luong cua
co cu duogc t6i thiéu hoa. Nhu vay ham tdi vu

duoc dinh nghia 1a,
f= (62 =0y )2 + (ds - d30)2+ (d4 —dy )Z (22)
Ham rang budc dugc lra chon sao cho ¢6 su
Xxuat hién cta day da 3 bién 6,, d,, d, va thé hi¢n

dugc quan hé chinh gita cac khop. Nhu vay ham
rang budc duoc lya chon nhu sau,

g,=d; +d;cos6, +a, — p,

. (23)
9, =a1—d3sm6’2 +d4 _\/ pf + p§

Phuong trinh Lagrange dugc dinh nghia dua
trén ham t6i vu va ham rang budc nhu sau,

L=f+40,+40,
:(‘92 _920)2+ (ds_d30)2+(d4_d4o)+
2,(d, +d,cos6, +a, - p, )+

/12(611—d35in6’2 +d, —pi+ p§)

trong do, 4;, 4, 1a cac nhan tr Lagrange va cling

(24)

dong vai tro 1a cac bién dugc xem xét. Lay dao
ham phuong trinh Lagrange theo nim bién
6,,d;, d,, A, A, thu dwoc nim ham phi tuyén

Sau,

f, :% =20, - 4d,sing, — A,d;cos6,  (25)

2

f, =%=2d3—2.108+/1100362 — 4,5in6, (26)

3

s= =2, -2+ 4, @7
4
oL
f4=a=dl+d300302+a4—p2 (28)

fs =%=ai—d3sin92+d4—m (29)

Lay dao ham ctia nam ham phi tuyén f,i=1,...5
theo nam bién 6, d, d,, 4,, A, dé thu dugc ma
tran dao ham riéng nhu sau:

A A A
06, od, od, o4 04,
AN
06, od, od, 04 04,

A A
06, od, od; ok 04
A A A
00, od, od, oL oA,

o s  ofy s O
(60, od, od, ok 04 |
Nhu vay nghiém téi uu dwoc tim 13;
X" =X"-J'F" i=0,...n (31)

trong d6, i =0twong (g Véi gid tri ban dau cua
céc bién, i=ntwong (ng véi gia tri nghiém toi
uu, X i+l — [€2i+1 d3i+l d‘i‘+1 ﬂi{l ﬂ,i;l]r 1
xi=lo @ o a4 a] va
F=lt 6 1t ] Giatrinduocxac
dinh khi nao nghiém héi tu, c6 nghia 1a sai 1éch
gitra nghiém hién tai va trudc d6 nho téi mac ¢
thé chip nhan duoc, cu thé nhu sau,

e[k]= (X [k]- X [k]) x *[k] (32)
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trong d6, k=1,2,..51a chi s dai dién cho cac
bién 6,, d;, d,, 4, 4, va [k]la mot gia tri duoc
tinh dé so sanh voi mot gia tri &, dat truéc.

Nghiém s& dugce xéc dinh khi |¢] < &, .

Céc gia tri ban dau
X°=[g0 d? d? 2 2] thuong duoc chon
sao cho vi tri cac khép 6, ds, d, tring véi cau

hinh mic dinh cta co cau tay may.
5. KET QUA MO PHONG

Pé kiém chang cac két qua phan tich dong
hoc nguoc ¢ trén, trudc tién tac gia tao ra mot quy
dao trong hé toa do khong gian P& cac vai ba
thanh phan vj tri va ba goc quay o le. Sau d6 sir
dung két qua phan tich dong hoc nguoc dé tim
tdm vi tri cta cac khép trong hé toa do suy rong
(hé toa do khdp). Quy dao cua co ciu tay may
trong hé toa d6 Dé cac duoc hiéu 1a quy dao cua
diém lam viéc trén khau thao tac (end effector)
hay con dugc goi la tdm kep.

Hinh 6 minh hoa quy dao chuyén dong cua
tam kep trong hé toa do6 Pé cac sao cho hudng
cua khau thao tac ludn vudng goc véi mat phang
quy dao. Vi tri va van téc cua tam kep theo ba
truc toa do x, y, z ciing dugc thé hién trén Hinh
7. Nhu vay tai mdi vi tri trén quy dao chuyén
dong cua tdm kep s€ xac dinh duwgc mot ma tran
T & phuong trinh (2) véi cac thanh phan chi
husng 1a u” =u, u, u,], v =y, v, v,].
w' =[Wx w, WZ] vavitrila g =[qx a, qz] .
T d6 co thé tim goc cua cac khop quay
(6,6,,06,,0,, 6,6,=pi/l2-6,) va d6 dich
chuyén cua céc khop tinh tién (d,, d,) bang cac
phuong trinh dong hoc ngugc da trinh bay & trén.
Két qua mo phong vi tri va van toc cia cac khép
dugc thé hién & trén hinh 8 va 9 vai cac ghi cha:

joint 1, joint 2, joint 3, joint 4, joint 5, joint 6,
joint 7 wva joint 8
6, 6,,d,,6,,d,,6,,6,, 6,. Bang viéc kiém tra
mot s6 diém dic biét co thé thiy rang két qua mo
phong vi tri va van téc caa cac khop rét hop ly
VéGi quy dao trong hé toa do dé céc.

twong wng  Voi

2 18
18 7
H =
16
16
14
2 1.5
02
'8 0 14
X1 a2y %2 41 0 o1 02
v
19 19
1.8 1.8
w17 w17
16 16
15 15
i 6 18 2 B2 41 0 01 02

Hinh 6. Quy dao chuyén dong cua tm kep trén khau
thao tac trong hé toa d6 Dé cac

19 1

18

=17

E £

15

16

14 -08
5 16

time (sec) time (sec)
0z 1

o
=]
I
]
o
I
=
@
I
=]

o
E E
a1

02 -08
o ] 15 i 10 15 2

time (sec) titme (sec)

=]
=1
o
I
5]

19 1

18
Eq7 E

18

148 -08
5 15 20 o 5 10 15 20

time (sec) time (sec)

o
3

Hinh 7. Vi tri va van téc theo 3 truc toa do Dé cac
cua tdm kep trén khau thao tac
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= o y / - = /
5 \ £ /
12
i} 10 0 o 10 1 20
time {sec) time (sec)
Q
Eoab £
el / A z o /
£ aap E —_
14 - :
(] 10 o] 0 5 1 0
time {sec) time (ssc)
£ ! REI ™
7 / w 0 Y
Eu / 5 ) _
2 10 "
0 I 5 0 5 a [
time (sec) me (sec)
45 - —
252 [ / iz /
~ = = of / \
E 454 E / Y,
= ] \ \
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Hinh 8. Vi tri cua 8 khap (6 quay va 2 tinh tién) trong
hé toa do suy rong

Jaint 1 {fadisec)
o

Joint 2 (rad/sec)
o

5]

0 5 0 15 2 o 5 w15 2
time (sec) time (sec)

Joint 3 m/sec)
&
n o
Joint 4 (més)
o

5]

“o 5 0 15 2 0 5 w15 2
time (s2c) tirme (sec)

Joint 5 {fadisec)
o

Joint 6 (rad/sec)
o

=]

0 5 1o 15 20 o 5 10 15 2
time (s2c) tirme (sec)

o
=1
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Hinh 9. Van téc cua 8 khap (6 quay va 2 tinh tién)
trong hé toa do suy rong

Hon nita, md phong ciing chi ra rang khép 2
(6,) cb g6c quay nho. Xét vé mit dong luc hoc
thi day la khop chiu tdc dung cua trong luc 16n
nhat nén dong co dién gan vao diéu khién khop
nay s& can mot gia tri mo men 16n nhat. Vi thé
viéc tdi thiéu héa chuyén dong cua khop 2 s&

khong nhiing tiét kiém niang lwong ma con dam
bao d6 an toan cho co cau tay may.

6. KET LUAN

Bai béo nay d trinh bay mot nghién ctru vé
tay may dang chudi 7 bac tu do c¢6 céu hinh linh
hoat. Day la mot cAu trac dong hoc mai dugce phat
trién dua trén robét IRB 2400 cia ABB. Cau tric
méi nay c6 hai khép chuyén dong tinh tién va sau
khép quay nhung do c6 rang budc co khi dé mot
phan ciia tay may hoat dong song song véi mit
dét dé phu hop véi ing dung gia cong lip ghép
co khi bang phuong phap nhiét. V4i hai khép
chuyén dong tinh tién giup cho tay may khong
nhitng nang chiéu cao d& dang ma co thé kéo dai
dé mo rong ciing nhu thu hep khong gian lam
viéc. Vi thé day 1a mot cAu hinh rat linh hoat c6
thé duoc mg dung trong nhiéu linh vyc cong
nghiép, ddc biét 1a 1ap ghép co khi bang phuong
phap nhiét.

Hon nita bai bao da dua ra mot ham tbi wu
dua trén viéc tdi thiéu hoa chuyén dong cuia mot
khép quay chinh (khép 2) va hai khép tinh tién
dé giai bai toan dong hoc nguoc. Phuong phép s6
Newton Raphson dugc sir dung dé giai bai toan
t6i uu nay. Két qua mo phong trén phin mém
Matlab da chi ra ring tit ca cac nghiém (vi tri
khdp quay va tinh tién) déu phu hop véi quy dao
chuyén dong ciia khau thao tac. Viée t6i thiéu hoa
chuyén dong ciia khép 2 va cac khép tinh tién
gitp cho tay may tiét kiém ning lugng trong hoat
dong va dam bao do an toan, cing chic cua co
cu.

Tuy nhién bai bdo ndy méi chi giai quyét
duoc cac van dé dong hoc thuédn va ngugc. Mot
vén d& quan trong khac 13 phan tich dong luc hoc
dé tim mo men va luc coa cac khép, tir 36 c6 can
ctr dé lga chon dong co dién cho phu hop va mo
phong hé diéu khién.

Loi cam on: Nghién cuu nay duoc tai tro
béi truong Pai hoc Dau khi Viét Nam (PVU)
trong khudn khé dé tai ma so6 GV1512.
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Research on kinematic structure of a
redundant serial industrial robot arm

¢ Vu Minh Hung
e Trinh Quang Trung
e Vo Quoc Thang

PetroVietnam University (PVU)
ABSTRACT

This paper proposes a new kinematic
structure of a redundant serial robot arm and
presents forward and inverse kinematic analysis.
This is a new structure developed based on the
robot IRB 2400 of ABB. The new structure
consists of six revolute joints and two prismatic
joints. The proposed robot arm has only seven
degrees of freedom because the structure has a
constraint between two revolute joints. Two
prismatic joints help to expand workspaces of

manipulator from small to very large. The paper
describes in details about forward and inverse
kinematics. Forward kinematics is derived based
on DH Convention while inverse kinematics is
calculated based on an objective function to
minimize motions of a revolute joint and two
prismatic joints. The simulation results on
Matlab software indicated that the joint positions
and velocities of a redundant serial robot arm
matched well the trajectories in Cartesian Space.

Key Words: Redundant serial robot; redundant arm; redundant manipulator; kinematics of
redundant robot; inverse kinematics; kinematic structure.

TAI LIEU THAM KHAO

[1]. Sichen Yuan, Haiging Zhang, Nei Wang and
Nan luan, “Motion study of a redundant 7-
DOF operation robot”, International
Conference on Electrical and Control
Engineering (ICECE), pp.3056 — 3060, 6-18
Sept. 2011.

[2]. Jayoung Kim, Minyoung Sin and Jihong
Lee, “Kinematics analysis and motion
planning for a 7-DOF redundant industrial
robot manipulator”,
Conference on Control, Automation and
Systems (ICCAS), pp. 522 — 527, 26-29 Oct.
2011.

11th International

[3]. Klanke, Lebedev, Haschke, Steil, Ritter,
“Dynamic Path Planning for a 7-DOF Robot
Arm”, IEEE/RSJ International Conference
on Intelligent Robots and Systems, pp. 3879
— 3884, 9-15 Oct. 2006.

[4]. Kircanski, M.V.; Petrovic, T.M., “Inverse
kinematic solution for a 7 DOF robot with
minimal computational complexity and
singularity avoidance”, IEEE International
Conference on Robotics and Automation,
pp. 2664 - 2669 vol.3, 9-11 Apr 1991.

Trang 32


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Sichen%20Yuan.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Haiqing%20Zhang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Nei%20Wang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Nan%20luan.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6057382&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6057382&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6034697
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6034697
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6034697
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6034697
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jayoung%20Kim.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Minyoung%20Sin.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jihong%20Lee.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jihong%20Lee.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6106416&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6106416&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6106416&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6093620
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6093620
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6093620
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6093620
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Klanke%2C%20S..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Klanke%2C%20S..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Haschke%2C%20R..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Haschke%2C%20R..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4059012&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4059012&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4058334
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4058334
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4058334
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Kircanski%2C%20M.V..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Petrovic%2C%20T.M..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=132032&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=132032&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=132032&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=132032&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=347
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=347
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=347

TAP CHi PHAT TRIEN KH&CN, TAP 19, SO K5- 2016

[5].

[6].

[71.

Tie-jun Zhao; Jing Yuan; Ming-yang Zhao;
Da-long Tan, “Research on the Kinematics
and Dynamics of a 7-DOF Arm of
Humanoid Robot”, ROBIO '06. IEEE
International Conference on Robotics and
Biomimetics, pp. 1553 — 1558, 17-20 Dec.
2006.

An, H.H.; Clement, W.l.; Reed, B,
“Analytical inverse kinematic solution with
self-motion constraint for the 7-DOF restore
robot arm”, |IEEE/ASME International
Conference on Advanced Intelligent
Mechatronics (AIM), pp. 1325 — 1330, 8-11
July 2014.

Sariyildiz, E.; Ucak, K.; Oke, G.; Temeltas,
Hakan; Ohnishi, K., “Support Vector
Regression  based kinematic
modeling for a 7-DOF redundant robot
arm”,  International ~ Symposium  on
Innovations in Intelligent Systems and
Applications (INISTA), pp. 1 — 5, 2-4 July
2012.

inverse

[8].

[9].

Tarokh, M.; Mikyung Kim, “Inverse
Kinematics of 7-DOF Robots and Limbs by
Decomposition and Approximation”, IEEE
Transactions on Robotics, pp. 595 — 600,
Vol. 23, No. 3, 2007.

Tran Hoang Nam, “Giai bai toan ngugc
dong hoc, dong luc hoc va diéu khién trugt
robdt du dan dong dua trén thuat toan hiéu
chinh gia lugng véc to toa do suy rong”,
Ludn dn tién sy, Vién Co hoc, 2010.

Trang 33


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Tie-jun%20Zhao.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jing%20Yuan.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ming-yang%20Zhao.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Da-long%20Tan.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4142097&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4142097&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4142097&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4141813
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4141813
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4141813
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4141813
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.An%2C%20H.H..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Clement%2C%20W.I..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Reed%2C%20B..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6878266&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6878266&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6878266&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6869121
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6869121
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6869121
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6869121
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Sariyildiz%2C%20E..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ucak%2C%20K..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Oke%2C%20G..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Temeltas%2C%20Hakan.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Temeltas%2C%20Hakan.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ohnishi%2C%20K..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6247033&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6247033&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6247033&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6247033&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&searchField=Search_All
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6238217
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6238217
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6238217
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Tarokh%2C%20M..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Mikyung%20Kim.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4252180&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&pageNumber=2&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4252180&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&pageNumber=2&searchField=Search_All
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4252180&queryText=%28%22Document+Title%22%3A7+DOF+robot%29&matchBoolean=true&pageNumber=2&searchField=Search_All
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=8860
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=8860
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=4252154

