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Solving the Kinematics of Welding Robot Based on ADAMS
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Abstract: To solve the problem of angle coupling of the welding robot kinematics equations, we build the 3D
model of the welding robot plus kinematics equations via using method of D-H, and taking PUMA560 robot as
the study target and using ADAMS software as the simulating tool, through this we achieve the displacement
curve along x, y and z axis. Because of the similar of the result of simulating and one of the positive kinematics
equations, this paper verifies the correctness of its 3D model. Based on this, this paper uses the analytic method
to deduce the welding robot inverse kinematics equation. This paper only use the derivation method to solve the
problem of the coupling between angles and deduce the formulas of each angle. And this method could be the
basis of the welding robot trajectory planning.
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I. Introduction

Researching the inverse kinematics of the welding robot is a very important topic in the kinematics and the
trajectory planning. It is very difficult to build the general algorithm because the inverse kinematics of robot is
becoming more and more difficult along the increasing of the robot sports joints. In resent years, to solve the
inverse kinematics equation, we put forward the analytic method, forward analytic method™, iterative method™,
geometric method®™, neural network theory and so on. Under these methods, Paul™ and Wang Qizhi put forward
the analytic method, but the problem is that some reverse answers they put forward are not the correct answers.
Besides this, Liu song guo, Wang hongbin, and Chen Ning put forward the methods of iterative method and new
analytic method, but these cannot correctly calculate the angle via extracting enough elements. So, to solve the

angle coupling problem, and to conveniently solve the sine and cosine of each angle, this paper analysis the
inverse kinematics answer aimed at the PUMAS60 welding robot, using the single or serial matrix (A )™

left multiply the matrix o _, so the right of the equation would not include this angle, so that we could find the
elements that produce the value of the sine and cosine. Under this, we could achieve the correct angle and finish
the problem of solving the inverse kinematics equation.

I1. The Positive Kinematics Model of Robot™

The analysis of kinematics of welding robot is the basis of the research of the trajectory planning, including
the problem of positive kinematics and inverse kinematics. And the model of the positive kinematics is the key
of building inverse kinematics. So, this paper firstly build the positive model of the welding robot, using
PUMAGS60 robot as the research object. Secondly, this paper use ADAMS® software do the simulation. Lastly,
comparing the two results, we validated the positive kinematics that built is correct, and which is a basis of the
analytic of inverse kinematics of the welding robot.
2.1 The Analysis of Positive Kinematics
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This paper show the relatives of the connection of the two rod coordinate systems via using the method of
D-H. And the space relationship of the two adjacent links is a connection link transformation matrix. Building
the homogeneous transformation matrix as follow:

C6., -56,Ca, S6.,Ca, a,C0,
i SO, CO6.Cax, -CO,5a., a,50,
Aasl 0 St Cai, disg :
0 0 0 1

Among the matrix, C=cos, S=sin, a;. iS the distance between z;; and z; measuring along X;.,. as the same, a;.; is
the rotation angle; d;is the distance along z;; 6;is the rotation angle around z;; x; y; z;are the coordinate system
of joint i. According to the matrix above, we achieve the following positive kinematics equation:
nX OX aX p)(
T: 0l 2A3 4 5:[ny Oy ay py]:
o= ARARAN [ ) )
0 00 1
Cl (C234C5C6 - S23486) - SlSSSG Cl (_C234C5C6 - S234(:6) + S18586 C1C234S5 + SlCS Cl(C234a5 + CZSaB + C2a5)
[Sl(C234C5C6 - S23486) + C1C5C6 Sl(_C234C5C6 - S23486) - C18586 SZLC23485 - CZLCS Sl(c234a4 + C23a3 + C2a2)
S234C5Cs +C34Cs —534C5Cq +C34Cs S23495 Sy4dy + 5383 + 5,8,
0 0 0 1

@)
In this equation, A2, AL, AZ, A3 AJ, AS are the coordinate systems, shoulder coordinate relative to base

relative, the big arm coordinate relative to shoulder coordinate, the small arm coordinate relative to the big
coordinate, and wrist 1 coordinate relative to the small arm, wrist 2 relative to wrist 1, and wrist 3 coordinate

n

. x O x . . . Px . . .
relative to wrist 2 coordinate. Besides, is the attitude matrix, is the location matrix; Cys,
[hy o, a,] [p,]
n, o, a, P,

represent CoS(6&, + 6, +06,) ; Sy represent Sin(G, +6; +6,).

2.2 The Calculation of Positive Kinematics of Welding Robot

This welding robot is consist of body, shoulder, big arm, small arm, wrist, hand and so on, details could see
in fig 1. It has six freedom of joint, and the six joints all are rotation joints, so it is a joint style robot. The first 3
joints influence the location of the end performer; and the later 3 joints decide the posture of the end. The
coordinate joints can be seen in fig 2. According to the method of D-H, we can achieve the parameters of each
joint which could be seen in table 1.

Fig 1 the 3D model of robot Fig 2 the coordinate of robot
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Table 1 the parameters of the robot joints

Joint i ai/ (o ) Qi-1/mm ®i/ (. ) Di/mm Variable range
1 -90 0 90 0 -170~170
2 0 0 0 130.6 -155~90
3 -90 389.2 -90 0 -170~190
4 90 43.7 0 399.8 -180~180
5 -90 0 0 0 -135~135
6 0 0 0 0 -350~350
Among them,

Co -S0Ca, SOSa;, aCO (o 0 -10
A :[86’1 CoCa, —-CHSa alsﬁl]:[l 0 0 0]

0 aCeq Co d, 0-10 0"

0 0 0 1 00 01

Just as the same, we can calculate:

100 389.2 001 0 100 0
., 010 0 , 10 0-437, 2 00-1 0
A=lpo11306 A#=lg “10 o0 1 A=[p1 0 3998l

000 1 000 1 000 1

1000 1000

4 0010, A5 0100

A=lp 100 A=lpo1ol

0001 0001
N O & Px 010 -130.6
 AOALA2A3a4a5 Ny Oy & Py; 001 1393
So, we can get T6—A1A2A3A4ASA6—[nZ O: az pi’]—[loo 43.7]
G de T 000 1

Further, we can get the posture of the end of the robot, as the following, it is the same as the posture that we
got in the ADAMS software:

100 0 010-1306100 O 010 -130.6
o1 _[010 0 ][001 1393 ][010 O]_[001 904]
6710 015782"1 00 437001733 "1 00 6658

000 0 000 1 000 1 000 1

According the simulation in ADAMS, we could got the displacement curve of the end of the welding robot. The

E
éSD -
.
57
55 1

T u T u U U T U t T T u t t T + t t
0.00 1.00 2.00 3.00 4.00 5.00 £.00 7.00 8.00 5.00 10.00 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 800  10.00
S (sec) slsec

curves could be seen in fig 3.

(1) displacement curve along x (2) displacement curve along y
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(3) displacement curve along z
Fig 3 displacement curve of the end of robot

I11. The Analysis of Inverse Kinematics of Robot
The algorithm of inverse kinematics is the basis of trajectory planning of the robot. But there are a lot of
coupling angles when we facing the equations of the kinematics. To solve this problem, to achieve the value of
cosine and sine of each angle, this paper use one or serial matrix (a; y-*multiply matrix °Ajon the left so

that this equation would not include this angle. Via this method, we can find the elements that produce the
values of cosine and sine. Then, we can achieve the angle that we want, finishing the analysis of inverse
kinematics of the robot.
3.1 the equation of inverse kinematics solving

According to the positive kinematics equation (1), we could achieve the following valve of 6, ~ 6, , details

as follow:

(1) 6, solving:

Using (A’)™ multiply left both side of equation (1), we can get:

C, S 00 n, 0 3 Py Ca1CsCs — 523156 —Cp3,CsCs —S34Cs CpasSs Cpapas +Cp85 +Cra,)

[g % é 8][ny 0y ay py]:[C234cscce:_Cszs4Se) _5234C5§GS+C234C6 SZC334SS st4a4+82833+szaz)]
1TV n, o, a, p, —Lsls 59 5

0 0 01 1 0 0 0 1

According to the above equation, the value of the third and the fourth line should equal, we achieve

that, b 5 — p,C, =0,Then, o, = arcran( Px ),or,6, = 6, +180°
Py

Just as the same methods we solve the value of @, we can also get the value of &, ~&;. Seeing as the
following:

Cp34(Cia, +S,a,) + Sy348,

S
0, =arctan(—), 6, =6,,,—0,—06,, 6. =arctan
3 ( Ca) 234 — U3 5 S,a,-Coa,

0. — arctan — Sy (Ciny + 5,0y ) +Cyyyn,
s =

— 5534 (C10, +5,0,) + Cp0, l

According to the analysis of positive kinematics and the above solved equations, we could use MATLAB to
get the answers of each joint, and the results are: @, =90°,60, =0°,60, =—90°,0, =0°,6, =0°,6, =0°.
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Obviously, they are the same with the value in table 1. So this paper correctly validate the equations of inverse
kinematics.

IV. Conclusion

This paper use the analytic method deduce the equations of inverse kinematics so that we can solve the

problem of the coupling between angles. Via the solving process, this paper deduced each value of ¢ ~ ¢, .

And according to the equations of them, it may has 8 inverse answers. But because of the limit of the robot
structure, each joint could not achieve the rotation of 360 degrees. So we just need to choose a best answer to
meet the working requirements of the robot based on the limits. This algorithm apply to the situation that the last
three joints has a public intersection, or it can only be solved through solving the matrix or calculating the
inverse of the matrix. As we all know, most industrial robots have the wrist joints.
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