Artificial Intelligence and Robotics Research N T8 5H 8 N5, 2013, 2, 54-59 Hans X
http://dx.doi.org/10.12677/airr.2013.21009  Published Online February 2013 (http://www.hanspub.org/journal/airr.html)

Arc Welding Robot KinematicsAnalysisand Trajectory
Planning in Cartesian Space

Tao Song

School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing
Email: songtao828@gmail.com

Received: Jan. 14", 2013; revised: Jan. 29", 2013; accepted: Feb. 5", 2013
Abstract: Arc welding robots, as typical 6-DOF serial robots, are gradually playing an important role in the automotive
and other industries. In this paper, taking an independently designed arc welding robot as an example, demonstrated the
establishment of D-H coordinate system, the robot kinematic analysis, and run a robot Cartesian space of linear and

circular trgjectory planning based on previous work. Employing a MFC application program, the derivatively generated
data points are plotted in the Matlab to verify the correctness of the theoretical calculations.
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Figure 1. Sructurediagram of arc welding robot
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Figure 2. The establishment of D-H coor dinate system
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Table 1. The D-H parameter
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1 0 0 0, d,
2 90 a, 6, 0
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Copyright © 2013 Hanspub

2.2. BENFIERR

HRA i FFALBR R D-H S22, HLAS \ig 3% s
AT,
of = o T 5T 5T T ST @

At AT FoRH AR RN T3 i -1 E
AR AR I TR AR AR, R
4 -8 0  a,

1 1
sfca, cca, -so; —Osq,
sgsa, COsx, Coy dCa,

0 0 0 1

i

i-1

@

A ch =cosh,sb =sing,,ca; =cosy,
s =sing; (i=0,1,---,6) .

e B A AT ASHIEREARE, ] 15 2288 A
“TEARWHLE” O, ERKTLE,0,, 0 K

nX OX a'X pX
?)TZ n)’ Oy a)’ py (3)
r]Z OZ aZ pZ
0O 0 0 1
o,
) C(1C03CsCs + Sy ) + §8:C6
n=[n n, nJ] =|8(CutC+SuS)-GSC
5234C5C6_C234$6

eS8t ) -ass
0=[0, 0, 0,] =|5(CouuCsS +53:C)+CSS
531685 — Co34Cs
CiSCons — SGs
a=[a, a, a] =|s8Cs+00
SruSs

p=[p. B, P.]

C(8yCoay +sSya +8,Cr5 ) + S +2,0C, + 3G
=| 5 (8,Cp + UsSygy +8sCy5 ) — G +8,5C, +8,S
a-4%34 - d5C234 + 33%3 + aQSz + dl

2.3. BENF B

BT B HIIUEHLES A 20 3. 4 KATHhZAH B
A7, 2 DAL HLES NAFALE S AR ) 2% A (Pieper JEU).

55



IS NIBzh 2o Hr S iR R = R B L)

PR A SCR P 3 AR, SR IAE B2 7 A

nx OX a’x px
(1)T—l ((S)T — éL)T—l ny Oy ay py (4)
r-]Z OZ aZ pZ
0 0 0 1
1) Kf# 6,

Mg (4), BT FERE S AT SIS A Ok &
~SP+Gp, =-d,, T
6 = Atan2( Py, px)

5
—AtanZ(—d4,i«/pf+ p§—df) ©
1B A5 NT 6 WA AT RERAE .
2) K 6,
WRSTAERE(A) P 5 2 AT 3 41430, wIRAS,

6, = Atan Z(i\/(—slnx + (:lny)2 +(-s0, + cloy)2 :
(6)
—Sa+ X'lay)

3) Kf# o,
[FERETT 2, BROLFERE(Q) Pim a 21758 1 51 )8R 2
1756 2 5%, WA
SN +ON, = -SG;
™)
{_S.Lox TG0, =5S%
Wi s =0, ¥ LIRSS,
0 = Atan2(-s0, +c0,,—sn, +gn, ) (8)

4) Kf# o,
IDE ST AR B (4) Pi v 55 14T 28 3 B FIEE 34T 2 3 514
A, WEH

{q®+%%=%%m ©
a, =55y
515
Oy = Atan2(a,,ca, +353, ) (10
Z#E5R(3), B TFAIRAN,
{m:ﬁ(%%u+%%M+%%J_%q+%§%+%§an
P, =3,S,3 — dsczs4 +8;5,3 +a,5, + d1

#is =0, N4

56

A=(P, ~8,5C ~ 0555, +dyC -8 ) /5
B= P, =4Sy, + d50234 - dl (12)
C=(A+B*+& —aé)/(Zxaz)
JEt BT A,
6, = Atan2(A-B)- Atan2(C,+A" + B2 -C? ) (13)

5) Kfif 6,
4it2(8). (PIA,
Avive @
BETT W] A4S
0, = Atan2(B-a,s,,A-a,c,) (15)
0, =0,,—0, (16)
6) Kfi# 0,
0,=0,,—0, 17

ZHLER N IS B SR T REAFAE 8 4. fERNF 6,06,
PR 6, AN Y IE SRS A W REAR 2]\ Mg . AENLES A
fSEhRA b, T AR O A RO AT

3. HRR=EEMK

FEH R /R R R ge b, PRI A
AR T2 (o7 B AT 2 25) B 1 R R AR B 4 o 51 R
SE M. PRIR 4GS AR B2 RO INTAL L [ 57 IR AL et
B o

31 HZ&MNEMX

CUAIPE AR Py (%, Y0, 20) AT P, (% Y20 2,) » AR
AT v, SRR v, AR v, . AT R
fiR 3 LRI R B A B BB R B A, %
5 A, B v, A v, 31 v, o P BE R, 435
Ha Fla,.

RELHRE 93 3 6 B 8 75 B I, 51 S S R

d=06-%) +(Ya- )’ +(z-2)
ViV
"o 18)

2 2
V-V

I =
3 2a2

1y

Copyright © 2013 Hanspub



IS NIBzh 2o Hr S iR R = R B L)

WA, L=d-l -1, , ki k4540 HE B e
_— 1= Vo=V,

'(2:|2/V2!t1:\lza1 a,
Rk, AT LS BT R 2 A R 5 A 2,

vit+at?/2,
d, =9d, +v, (t-t,),
d+d,+v, (t-t,—t,)+a, (t-t,—t,)*/2,t, <t <T
(19)

O<t<t
t, <t<t,

[FIRF, o A p, AT ) & A

n:m;a:(&—&ﬁ+wf20iﬂé—aﬂ(m)

WU R 2 R A by B AT R 3R S E N
p, = p, +nAl (21

3.2. EERLE K

B AR FE 2R 0 = AR A BN (%002 -
P (%1 ¥2:2) Fl By (X, V5, 2) > BABGE ;2T v,
SRR v, . A 2R v, o A T TR I HLIF]
IR UE R 2 B0 b A A R RS 00 2, e Mo, 3|
v, FI A, B v BN FE A IR I E . 3008 o
e,y o 5 B A7 B FRIZAL, KRR L5 T8 (1) A ],
A] LA e B — BUE ) i AN

MR HE AN e 28 (1) 2% (8] = 5 58 0% 1 o ME— (19>~ Th] DA
T IR b == 30 0 P LS M S T A S RIS A

X Ys g4 (22)

S35 LR o(a,b,c)

WP, P,y Py — &L 8 1 T B AV ) B R
N(u v w), WIEHES pp,, p,p, 458 BT
2,

{(XQ—><1)U+(Y2_Y1)V+(22_21)WZO (23)

(XS_Xz)u+(Y3_ yZ)V+(23—22)W=0

Copyright © 2013 Hanspub

SR B )

BT HLA B K], 7T LA B F— ) (a1
O . B p(x.Y.2), ELo(abce), VA&
N (u,v,w) , W7 5E e 0 J5 IR 9K L s AsAR A,

p(0) = &t P, (24)
Hrh, EMz omidshie, HEERN,

e%{éﬁo‘éw1 (25)

0 1

3.3. EEHR

VU G0 RT DA ik = 2 4 1] P 4K 1) 243 25 A e A
. It HAH M e8GR sl & s s B S A
o PRIEAE SR DU e B R m L Es N TR A, i
Gy 8 PRI A (S A WA P
q=[sv]=[s(xY.2)|]=s+xi+yj+zk (26)
RS IR YN R R A el

nx Ox ax
ny Oy ay
nz Oz az

R-= 27)

LS Z AR AR

s=i‘/nx+oy+az+1/2
a=(o,-a,)/4s 29
b=(a,-n,)/4s
c=(n,-o,)/4s
CEIW AN EE R MR, BT AR LIS E Y
Tekg Ma,, M FERAXBATLEEHEE.
(g xsin(1-t)6+q, xsintd)
sing
Horr, te[0,1],0 W DY T HC IH A
4. SCITEHF
ZE I EIREE RS MFC SRR, AREE
BN RAEE, EdEFIEE, KERING RE
Matlab FHEATZ2 P, DASR IR B AR A 2825 MR ) IE
k.

Slerp(, G, t) = (29)

57



IS NIBzh 2o Hr S iR R = R B L)

4.1 fIEMRIEE

3 HAE MFC PR N L2610 PL AT P2 55, DL IR
S PL. P2 A1 P3 AA B AR, IF Ha N &S
rR] g A28 1 AR B DA R I P A B 3 . AR

CAE B LA BRI AT S (B 3).
KHLAE I HEE RSN Matlab F2F7,

x=[22.412.88 3.39 3.924.44 4.96 5.54 5.98 6.37 7];

y=[11.241.531.832.152.462.77 3.123.39 3.62 4];

7=[33.413.884.394.925.445.96 6.54 6.98 7.37 8];

xx=linspace(2,7);

yy=spline(X,y,xx);

zz=spling(x,z,Xx);

plot3(xx,yy,zz,'r' X,y,z,'0Y;

gridon, FI#3K&l 4 Prorgi R,

A2, R AL B 545 SRS N Matlab 725 7T 4%

K 5 s R

| [t | B ] maglf |
22 | 2 | 1 | b
P3 [ | I | |
BERLE EREE
ESGRE BRI

Figure 3. Lineand circular position programming interface
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Figure4. Linear position inter polation
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Figure5. Arc position inter polation
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Figure 6. Orientation planning interface
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Figure7. Linear orientation interpolation
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Figure 8. Arc orientation inter polation
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