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Abstract
In this paper the arm equation of 6-axes articdlate
KUKA robot [KR-16] is derived using Denavit-
Hartenberg algorithm. Given an explicit task to be
executed, a robot might be used to find the prdipaloif
success or reliability. Here, an experimental sethas
been established and reliability is evaluated from
experimental data. Moreover, a relationship between
reliability and repeatability of robot is estabksh
Keywords: Forward Kinematics, KUKA Roboat,
Reliability.

|.Introduction

In order to benefit from robotic technology,
reliability should be considered a major portion of
investment decisions. Robotic systems are
complex. Thus uncertainty cannot be avoided. The
reliability of robot can be found by either of the
following methods:

1. Interms of previous failure data of robot.
2. Interms of component of the robot.
3. Interms of the performance of the robot.

In this paper, we have found out reliability of
the robot in terms of its performance.

In this paper the kinematics modeling of KR-
16 KUKA robot as shown in Fig.1 is carried out
and reliability is found experimentally. The varsou
dimensions of KR-16 robot is shown in Fig.2.
Generally, KUKA Robotics is a leading German
producer of industrial robots for a variety of
industrial processes like welding, painting etceTh
robotic arm comes with a control panel that has a
display and an integrated mouse, with which the
manipulator is moved, positions are saved, or
where modules, functions, and data lists are aleate
and modified. Controls for the latest control panel
use the Windows XP operating system. The KR-16

is a 6-axes robotic arm weighting 235 kg with the
payload up-to 16 kg. [11].

1. The Arm Equation

Using DH algorithm, the different frames are
developed in Figures 3 (a), (b), (c), (d), (e),afid

() and kinematic table showing different
parameters is prepared [9]. The kinematic table of
6-axes robot is shown in Tablel:

Tablel: Kinematic Table

i 0 d a a

1 | o 675mm 260 mm )
2 | 90 | Omm 680 mm 9

3 | Omm 0 mm 90
4 | -670mm 0 mm -90
5 | g 0 mm 0 mm 99
6 | o -158 mm 0 mm 180

The arm equation is then derived as follows:
T=TTATITToTE

Where general forms oF; is given as

Cek _C(Iksek Sak%k akcek
Tk - S@k Cakcek _S(lkcek aksek
k-1 0 &"k Cak dk
0 0 0
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So, first we determine

c, 0 -s  aC
Ti= S, 0 Cy &S,
0o -1 0 d;
0 0 0 1 |
'c, -S, 0 ax.C,
T2 S, C, 0 &S,
0 0 1 0
0 0 0 0
[c; O S 0
8= S 0 -C; O
0o 1 0 0
|0 0 0 1
C, 0 -S, 0
T4 = S, 0 C, 0
0o -1 0 d,
0 0 0 1
[Cs 0 S 0
152 Ss 0 -C; ©
0o 1 0 0
0 0 0 1
[Ce Se 0 0
16 = Ss -Cs 0 0
0 0 -1 dg
| 0 0 0 1

The total transformation between the base of the

robot and the tool is

Tie =TI TSI
n X O X ax p X
n O a Py

— |y y y
n V4 OZ a'Z pZ
0 0 1

Where

Ny =C1C23(C4CsCs ~ S4Ss) ~S1(S4CsCs +C.Ss)
- SSC 601823

10

Ny =S$,Cy3(C4CsCs ~ S$4S5) ~SsC6SSz3
+ G (S4CsCq +CySp)

N, ==S,3(C4CsCq — SS)
—SC6Cos

0y =C1C23(C4CsSs +S,Cs)
=S G4CsSs —C4Cq) — SS6C1Sy3

0, =S,C3(C4CsSs +3S,4Cs)
+ C; (S4CsSs — C4Cs)
~ S5:523Ss

0, = (C4CsSs +S4C6)(~S23)
= S556C23

ay =CyCp3(-C4Ss) + §5,S5)
—C5CiSys

a, =S,C3(-CS5) - GSSs
—CsSSy

a, =553C 4S5 —CsCys

Px =C1Cx3C4Ssds — §S,Ssd
+ CSy3(Csdg +dy)
+a,C,C, +a,Cy

Py =C 4§dcS,Cos + CSSsds
+(Csdg + &4 )SS;3
+ 3,5C, + a5

P, ==S,3C4Ssds
+Cy3(Csdg +dy) — &S, +d,;

At home — position
8, =0°,8,=-90°,6,=0°
0,= 9,=0,0,=0°

So, at home position:
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0 0 +1 —(d,+dg)+a,
o0 0 °
1 0 0 d; +a,
0 0 0 1
Thus
x0 =28
Y0 =-yP
S0 =46

Which is verified by the Figure 3(a) and Figure
3(9)

[11. Experimental Set-Up

In our experimental set up we have tried to
find the reliability of the robot in terms of its
performance. The flowchart for calculating
reliability is given in Appendix A. To perform
experiment on an industrial 6-axes KUKA robot,
the following three steps are prerequisite:

1. Mastering of robot.

2. Tool Calibration

3. Base Calibration

In order to find reliability the following
procedure is used :

1. The mastering of robot is done with the
help of EMT.

2. The tool calibration of the robot is done by
XYZ — 4 point method.

3. Activate the tool by programming.

4. The base calibration of the robot is done
by “3 — point” method.

5. Activate the base by programming (Ex —
Base 7).

6. The robot is now programmed and moved
to a point (the centre of a circle) in base 7
as shown in Figure 4 and Figure 5.

The tool is brought from home position to the
centre of the circle in accordance with the
programme given in Appendix B. The experiment
is performed at 75% of the rated speed (2m/sec)
and 40,000 observation are taken. The time taken
to perform the experiment is 13 hours 20 minutes.

V. Observations and Results
The robot is intercepted for once in total

number of observations. So reliability is calcuthte
as follows:

11

=———=999

V. Conclusion

The given repeatability of the KR-16 robot is
+ .05 mm and the calculated reliability of this robo
is .999. We conclude that high value of
repeatability or low repeatability index ensures
high reliability.

2025

1027 1611

Fig.2: Dimensions of 6 Axes KUKA Robot

Fig. 3(a)
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Fig. 3(e)
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Fig.4
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Flow Chart APPENDIX- A

==

Set the total number of experiments, |

A 4

Assume appropriate distributions for tHe
random variables

Generate a random value for
each random variable

\ 4

Evaluate the performance
measure of the system

A 4

Determine whether the experiment
IS a success or a failure

No

I=i+1

Yes

Determine whether the experiment
IS a success or a failure

A 4
N,
N

R

Where R=Reliability, N=Number of successful experiments and N=Total numiie
experiments
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APPENDIX- B
Program
1 DEF Vinay ()
2 INI
3
4 PTP HOME Vel=100% DEFAD
5
6 PTP P1 Vel =100% PDAT1 Tool[7]:ymca Base pitebase
7 Loop
8 PTP P2 CONT Vel =100% PDAT2 Tool[7]:ymca Bfsk nicebase
9 LIN P3 Vel =2 m/s CPDATL1 Tool[7]:ymca Basg:[iicebase
10

11 LIN P2 CONT Vel =2 m/s CPDAT2 Tool[7]:ymca&e [7]: nicebase
12 PTP P1 CONT Vel =100% PDAT4 Tool[7]:ymca 848]. nicebase

13 Endloop

14 PTP HOME Vel=100% DBBRAT
15

16 END
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