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Abstract - There are various motion commands used for
programming ABB Industrial Robot & each command is
used for a specific application. Also, there are various
parameters in the motion command such as Velocity &
Zone Error. Setting different values normally alters the
Robot performance and eventually the servo drive
temperature.

This paper has made a case study on the temperature of
Servo Drive with respect to the Programming Method.
Programming is done using different move commands,
Velocity values & Zone Error values to move the Robot End
Effector between two fixed locations. The impact of these
parameters on the temperature rise of Servo Drive is
analyzed. Valid results are arrived using Taguchi L9
Orthogonal array. The optimal results obtained from the
Taguchi analysis is checked with the real ABB Robot
available at Robotics lab of VSVN Polytechnic College
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1. INTRODUCTION

Robots are normally programmed using various programming
methods and Languages [1]. The ABB Robot is programmed
using RAPID Language. This RAPID language has Movel,
MoveJ & MoveC commands to move the Robot arm to perform
the tasks. MoveL command moves the Robot Arm along a
straight line while MoveJ command moves the Robot Arm
along the joint. The MoveC command is used to move the
Robot arm along a curve. The MoveL & MoveC commands
with higher Velocity & lesser error Zone induces more Heat
than the MoveJ command with lower Velocity & higher error
Zone.

The study is performed using various velocities & Error Zone
values and its impact on the motion time & temperature of
servo drive is recorded. The optimal parameter that completes
the task in a shorter time with less heat generation and prevents
the chance for maintenance is suggested in this paper.

2. THE EXPERIMENT

The analysis done in this paper is a Move command from
Position P10 to Position P20 is done using various Move types
(MoveL, MoveC, Movel), various Velocity data (\V100, V1000,
V2000) and various Zone error data (Z0, Z50, Z100). The
program coding is shown as Figl below.

Robots are normally programmed using various programming
methods and Languages [1]. The ABB Robot is programmed
using RAPID Language. This language has motion command,
sensor command and end effector command. Under motion

MODULE Modulel
PROC main()
Moved *, v1000, z50, toolO;
FOR I FROM 1 TO 10 DO
MoveJ P10, v1000, z50, toolO;
MoveL. P20, v1000, z50, toolO;
Moved *, V1000, z50, toolO;
ENDFOR
Stop;
ENDPROC
ENDMODULE

command, there are MoveL, MoveC and MovelJ options. The
analysis done in this paper is a Move command from Position
P10 to Position P20 is done using various Move types (MoveL,
MoveC, MoveJ), various Velocity data (100, V1000, VV2000)
and various Zone error data (Z0, Z50, Z100). The program
coding is shown as Figl below.

Fig 1. Robot Program Code used for Analysis

The criteria varied are as shown in Tablel, Table2 and Table3
below.

Table 1l Table 2 Table 3

Criteria 3

Criteria 2
7100 1
750 2
20 3

Criteria 1
R R T

Movel
MoveC

The impact of these variations on the Temperature raise of
Servo Drives and the Time for completion are measured. There
are 3 criteria with 3 levels. Hence a full factorial experimental
design would consist of 3 x 3 x 3 = 27 trials. But in this paper
Taguchi L9 experimental design with 9 trials is employed.
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3. FLOW CHART

The experiment process can be easily understood if explained
through flow chart. Fig 2 Hence the process followed by
varying the program parameters (as per Taguchi L9 Array) and
the results obtained are explained clearly using the Process
Flow Chart. The optimal values (i.e. Minimal Value) is worked
out using MRPI Method.

[ cange |
charge . ¥ )
7 A

Write program using Move, V& Z
Repeat Parameter as per

Taguchi L@ Orthogonal
Arrav & Perform Test

Fig 2. Flow Diagram explaining the Process

The above flow is repeated for 9 times by changing the
parameters as per Taguchi L9 Orthogonal array.

4. ANALYSIS

The parameter analysis in Robot can be done using
minimum variance model [2]. In this study the analysis and
the changes in parameters are done using Taguchi L9
orthogonal array. Taguchi L9 orthogonal array with 9 rows
with various parameter and criteria levels are shown in
Table 4 below.

Table 4
Trial Criteria
No 1 2 3
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3

w0 |00 ||
wlw|w|N
wI(N |k |w
N[k |w |k

On substituting the various data from Table 1 to 3 for the
Column values, we obtain Table 5 below.

Table 5
Trial Criteria
No 1 2 3
1 V100 Z100 Move)
2 V100 Z50 MovelL
3 V100 Z0 MoveC
4 V1000 Z100 Movel
5 V1000 Z50 MoveC
6 V1000 Z0 Movel
7 V2000 Z100 MoveC
8 \V2000 Z50 Move)
9 \V2000 Z0 Movel

The actual analysis is done for these set of 9 trials alone on the
Robot and the Time for completion of 10 cycles and the
Temperature of the Main Servo Drive were noted for each set
of Criteria. The results obtained through the Analysis is shown
in Table 6 below.

Table 6
Criteria Output
Trial No 1 2 3
1{v100 Z100 Move) 27 1700
2|V100 Z50 MoveL 30 1800
3(v100 20 MoveC 33 1900
4(V1000 Z100 MoveL 36 850
5|Vv1000 Z50 MoveC 37 950
6|V1000 20 Move) 34 900
7|V2000 Z100 MoveC 41 500
8(Vv2000 Z50 Move) 38 450
9|Vv2000 20 MovelL 41 550

From the above data, the responses of varying the Velocity,
Zone error & Move type on Temperature and Time is analyzed
using MRPI method. The details of calculations are exhibited
in Table 7 and Table 8
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Table 7
Trial No [Temp  [1/Temp |WTemp |Time  |1/Time |WTime |MRPI
1 27 0.04 0.15 1700|  0.0006 0.05 89.05
2| 30 0.03 0.12 1800| 0.0006 0.05 93.6
3 33 0.03 0.12 1500| 0.0005 0.05 98.96
4 36 0.03 0.12 850| 0.0012 0.11 97.82
5 37 0.03 0.12 950( 0.0011 0.1 99.44
6| 34 0.03 0.12 900 0.0011 0.1 94.08
7 41 0.02 0.08 500 0.002 0.18 93.28
8 38 0.03 0.12 450| 0.0022 0.2 94.56
9] 41 0.02 0.08 550/ 0.0018 0.16 91.28
0.26 0.0111

The weighted MRPI for each trial is shown in the above table.
The impact of each criterion is worked out by adding the
respective MRPI’s. As both the Temperature of servo drive and
the Time taken to complete the task by Robot has to be
minimized, the added MRPI with least value should be selected.

The least values are highlighted in Table 8 below.

Table 8
Level
Factors 1 2 3
Velocity Data 281.61 291.34 279.12
Zone Error Data 280.15 287.6 284.32
Move Type 277.69 282.7 291.68

5. INFERENCE

From Table 8, it is clear that for Move Type 1 & Zone Error 1,
we get a minimal Temperature rise.

That is for MoveJ and Z100 the Temperature of servo drive is
less. This is because MoveJ moves only one Joint and hence
Servo drive would not be loaded heavy. Further a higher Zone
error provides less constraints for Servo drive and this reduces
the heat generated in Servo Drive [3].

Further as the rise in Velocity data reduces the Robot operation
Time, a higher-level Velocity 3 gives a minimum Time.

So, it is clear that the while programming, using MoveJ
commands with higher Z value leads to less heat generation in
Servo Drives and the Temperature is lesser. Also, it is evident
that, the MoveL can be used only when the Robot path needs
to be along a straight line and MoveC can be used only when
the Robot path needs to be along a circle.

Further the result obtained through MRPI method is confirmed
by providing Robot with MoveJ command with Z100 and
Velocity 2000. This option consumes very less time & the
temperature rise is also less.
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