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The use of electrical energy in the industrial is very important to drive
production machines. Machine maintenance is carried out so that the
lifetime of the machine becomes longer so that the production process
continues. Temperature is one of the most common indicators of the
structural health of equipment and components. This means that the main
symptoms of damage to machines and equipment can be indicated by
increasing the temperature of the equipment. One of the symptoms of an
increase in equipment temperature is due to a loose cable termination.
The use of infrared thermography to measure the temperature rise due to
loose termination is one of the methods in electrical machine
maintenance. Previous studies using infrared thermography to measure
the temperature rise due to loose termination have been carried out by
many researchers, but these studies did not show a correlation between
the level of loose termination and the increase in temperature but only
stated that the loose termination caused an increase in temperature. This
study focuses on finding the relationship between the level of loose
termination compared to standard torque and the increase in temperature
at the termination point. This is very useful as a quick overview in
determining the level of urgency in maintenance activity, that percentage
of loose termination of a certain value below the standard will give an
increase in temperature of a certain value as well. This study resulted, for
the torque setting condition 67% below the standard (loose) the
temperature increase at the terminal was 13.4% - 15.6%, for the torque
setting condition 33% below the standard temperature increase at the
terminal of 12.3% -13.8% which mean that the increase in temperature
is directly proportional to the level of slack termination and is also
directly proportional to the increase in the motor speed. If the
termination torque level is lower and the motor speed is increased, the
terminal temperature rise will be drastically rise.
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INTRODUCTION

A large organization in the engineering
and insurance industry recently revealed that
more than 30% of their total losses are caused
by electrical and mechanical problems.
Temperature is one of the most common
indicators of the structural health of electrical
equipment and components [1]. When analyzing
electrical failures, it is revealed that about 20 to
25% of the total failures are the result of
connection failures due to poor terminations and
loose connections. In general, poor terminations
/ loose connections in the electrical system
cause overheating of these connections which in

turn leads to equipment failure [2]. This means
that the main symptoms of damage to machinery
and equipment can be indicated by the increase
in temperature of the equipment.

The temperature that is used as an
indicator of whether a machine is healthy or not
is influenced by several factors. The increase in
the temperature of the machine or equipment
can be caused by misalignment of the pulley [3],
damage to the bearing [4], poor
connection/termination between cables, or
between cables and switchgear or bus bars,
incorrect selection or design of switchgear, line-
overload , defects in cables and insulators or
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faulty power meter connections [1], and can also
be caused by other factors, for example during
installation the termination is not tight compared
to the standard torque.

D. Lopez-Perez et al [5] conducted a
study using infrared thermography to analyze
the temperature that arises significantly in
induction motors, several times his research
found, from the high-temperature several causes
were found such as loose motor termination
connections (unbalanced), loose belt settings,
coil resistance unbalanced motor between
phases. From this research, it is not stated that
there is a relationship between the level of loose
termination of the cable and the loosening of the
setting belt which causes an increase in
temperature.

M.W Hoffman et al [6] conducted research
by integrating infrared sensors and machine
learning for predictive maintenance of medium
voltage switchgear. In electric current, the
temperature rise can be due to damage, loose
connection or corrosion, which causes an
increase in electrical contact resistance, the
presence of this temperature rise can be
detected through temperature monitoring. This
temperature increase is used as the basis for
predicting switchgear maintenance. This study
also did not mention the relationship of how
loose the termination, nor the level of corrosion
to changes in temperature.

The increase in temperature due to a loose
termination without knowing the level value will
make it difficult to determine the priority scale for
engine maintenance due to the heavy engine
maintenance load. This research is focused on
investigating the correlation between the level of
loose termination cable and the temperature rise
at the termination point, as a reference in
determining the level of urgency whether the
increase in temperature must be controlled
immediately or can be delayed for some time
according to the priority scale. Section 2 will
discuss the literature review which correlation
with this research. Section 3, it is explained the
research methodology carried out by the author
to obtain data. Section 4 presents the data and
analysis of the experimental results, and section
5 presents the conclusions from the results of
this research.

RESEARCH METHOD
Infrared Thermography

Infrared Thermography is the science of
detecting infrared energy emitted from an object,
converting it to a pseudo temperature, and
displaying the result as an infrared image.

Literally, Infrared thermography (IRT) means
“more-red” (infrared)” temperature image [1].

Infrared Thermography, or IR imaging, is a
technique of non-contact recording and
visualization of thermal radiation from objects,
first of all, intended to analyze the distribution of
surface temperatures. Electromagnetic radiation
(thermal, or IR) occurs in solids, liquids, and
gases due to the oscillations of atoms in the
lattice or the oscillating motion of rotating
molecules. Infrared radiation occupies the wide
band of the electromagnetic spectrum from 0.75
pm (400 THz), or 750 nm to 1000 pm (300 GHz)
or 1 mm, between visible light and radio waves
[7]. For example

Kirchhoff's law reveals an important
fundamental feature of media that provides the
relationship between emissivity and absorbance.
At any point on the surface of the 'heat emitter’,
at a given temperature and wavelength, the
spectral emissivity is equal to the spectral
absorbance for the oppositely directed non-
polarizing radiation. In practice, this means that
the absorbance (aA) and emissivity (eA)
coefficients are the same numerically as Eq.1.

ok = €A 1)

Kirchhoff's law can also be said that a
good absorber is a good emitter. this statement
can be interpreted as an absorbance/emission
phenomenon and identify a more correct
infrared thermometer reading [7].

Thermal radiation with a power density
corresponding to the emitting material is emitted
into a spatial angle of 1T steradian. According to
Lambert's law, the infrared imager will only
capture a small part of this radiation at an angle
Q, Eq.2.

Jo=R.AS=Cos ¢ 2)

where AS is the area read by the IR
imager in the instantaneous field of view,¢ is the
angle between the viewing direction (angle Q)
and the direction normal to the scanned surface.
the magnitude of the values of AS and Q is
determined by the IR detector area and the lens
parameters [7].
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Figure 1. An example of using IR Thermography
to measure motor induction terminals

Measurements using infrared
thermography have several advantages, namely
they do not interfere with the dielectric
requirements of the equipment because they are
non-contact, [8], [9], [10] the radiations are not
detected by the human eye(save), [11], [12] non-
destructive inspection technic [13], [14], [15] and
free from electromagnetic interference due to
placement in areas of low magnetic or electric
fields. In addition, there is no need to turn off the
energized system at the time of inspection[16], it
can also cover a large area, unlike sensor point
measurement. This drastically reduces the
number of sensors required [6].

Loose Termination Cable

The flow of electric current through a
conductor generates heat in a process called
Joule heating. According to Joule's first law,
both current (1) “Ampere” and resistance ( R)
“Ohm” affect the amount of heat generated (P)
“Watt” [6], where is formulated as Eq.3.

P« IR ©)

The number of failures that occur (e.g.,
breakdown, loose connection, or corrosion) will
increase the electrical contact resistance,
thereby increasing the temperature at that point
at which the presence of the failure can be
detected by temperature monitoring. In addition,
an increase in the current value will also
produce more heat, which can accelerate
damage and reduce the lifetime of electrical
equipment. Some of the causes of loose
terminations are due to ambient vibrations, also
due to the installation of bolts with torques that
are not up to standard, for example after
maintenance activities [6] can also be caused by
the selection of bolts and rings that are not
appropriate.

Every electrical equipment that uses cable
terminations uses bolts, in the manual book the
equipment is equipped with standard bolt
tightness. So when the circuit is installed, how
tight the bolt can be using a wrench /
screwdriver that has the ability to adjust the

torque. Fig.2 shows an example of standard bolt
tightness on an MCB which can be seen on the
nameplate.

Figure 2. Example of Standard Bolt Tightness on
MCB 25 Ampere

From the example in Fig.2, if the M5 size
bolt is used, the torque setting of the bolt is 2.3 -
2.8 N.m, while if the M8 size bolt is used, the
torque setting is 5.5 - 7.5 N.m. If the use of a
torque below the standard as shown in the Fig.2
will cause a temperature increase at the
termination point as described in Eq.3

Literature Review

Lopez-Perez et al [5] conducted research
using infrared thermography to analyze the
temperature that arises significantly in induction
motors, some of his studies found that from
these high temperatures several cases were
found such as loose motor termination
connections (not balanced), belt settings loose,
unbalanced motor winding resistance between
phases. From these cases, after completion of
repairs according to the cause, then the
temperature was re-measured and it turned out
to have decreased significantly to normal
conditions.

Glowacz et al [17] also conducted
research on a 3-phase induction motor using
infrared thermal imaging to diagnose the
condition of the motor while operating. Glowacz
experimented with three conditions, namely a
normal motor, the second condition was a three-
phase induction motor with damage to 2 bars
(cage rotor), while the third used a 3-phase
induction motor with damage to the cage rotor
ring. The results of this data collection are
classified and then analyzed wusing the
MATLABS algorithm to produce
recommendations for the motor conditions that
are analyzed.

Resendiz-Ochoa et al [13] make a fault
analysis research automatically using data from
infrared thermography on induction motors with
the focus of research on the condition of Broken
Rotor Bar, Ball Bearing defect and Misalignment
of the motor coupling to the gearbox. The results
of infrared thermography measurements are
validated using an RTD  (Resistance
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Temperature Detector) sensor. This data is
entered into the database by a C++ software
program to determine the severity of the fault
being analyzed.

Roque A. et al [1] conveyed in his review
journal about the use of infrared thermography
in the industrial world to be used in analyzing
root causes, especially for machines which are
grouped into three categories: classification,
namely electrical, mechanical and the last group
mentioned "other". He recommends the use of
infrared thermography for temperature analysis
of machines because it can reduce machine
maintenance costs compared to the classical
method.

Morales-Perez et al [3] conducted a study
using Infrared Thermography to analyze bearing
conditions in three-phase induction motors. He
also made three conditions, namely normal
bearings, damaged bearing caps and finally
using damaged bearings on the outer part. The
three-phase motor was run with two conditions,
namely with a frequency of 40 Hz and 60 Hz to
determine the difference in temperature
differences between the motors during the
research process.

For a summary of the literature review from
several researchers who have proposed and
used by the author, see Table 1.

Table 1. Literature Review

Year 2017 2017 2018 2019 2019
Resen
) Roque A.
Lopez- a9z Osornio- Morales-
Researcher  Perez Ochoa : Perez et al
etal [17] Rios, et
etal [5] et al al. [1] [3]
[13] i
Infrare
d
Infrare Infrared Therm
d Thermoar ograph Infrared Infrared
Methods Therm aphy angd y, C++, Thermogr  Thermogra
ograph MATLAB and aphy phy
y use the
RTD
sensor
. Inducti Induction Inducti Industrial Induction
Object on on .
motor machines  motor
motor motor
Recomm
Loose The end using
A rotor infrared
termina .
) bar is thermogr
tion, Two broken aphy with
loose motor ' phy wi broken
the ball the aim N
van cage bearin of  cost bearing
belt, broken, . 9 : cover,
Result is reduction
unbala and damaged
broken, on
nced motor : outer
U . and a maintena .
windin ring bearing
s broken couple nce costs
9s of compare
resista L
nce misalig d to the
nment classical
method.

Research Methodology

The electrical circuit design for this
research can be grouped into 3 main parts,
namely the power, control and load sections, as
shown in the block diagram in Fig.3.

I =y I'a aY ' =
‘_ﬂ Power H Control ¢ |0ad
i / \ g
Figure 3. Block Diagram

The power section consists of the MCB as
a breaker and connector for the power source,
the control section consists of the "Mitsubishi"
Variable Speed Drive as a regulator of the
rotational speed of the induction motor. The
inverter parameters set by the researcher
include  acceleration, deceleration, input
commands and others which are summarized in
detail in Table 2.

Table 2. VSD Parameter Setting

VSD Parameter Setting
Acceleration Time 10 second
Deceleration Time 10 second
Maximum Frequency 50Hz
Frequency Reference 20Hz, 40Hz, 50Hz
Input Command Key-Pad

For the load section in the form of a 3
phase induction motor 5.5 KW, 11.1 Ampere,
380 V, 1450 rpm and for standard torque (T) the
tightness of the U, V, W terminals is 1.5 Nm as
shown in Fig.4. The measuring instrument used
is the IR thermograph type Ti50 series, Irtek
brand. Terminal torque setting using a torque
screwdriver "Toptul" which can be set the torque
value (Fig.5).

Figure 4. Induction Motor 5,5 KW
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Figure 5. IR Thermograph and Variable Torque
Wrench

The testing methodology is that the motor
is connected to a VSD (Variable Speed Drive)
where terminals V and W are set to a torque of
1.5 Nm (according to standard) while terminal U
is set to 3 conditions, namely t;= 0,5 Nm (67%

below standard), T2 = 1 Nm (33% below

standard), and T3 = 1,5 Nm (same with
standard). Each different torque setting condition
was tested with 3 different motor speeds,
namely 20Hz, 40Hz, and 50Hz. For each setting
condition, the temperature data is taken starting
at 0 hour, 2" hour, 4" hour, 6™ hour and finally
8t hour.

Terminal temperature data retrieval is
carried out with an IR thermography and
validated using a multi-tester with a

thermocouple base.

RESULTS AND DISCUSSION

The complete of measurement data is
shown in the following Table 3 until Table 9. T1is
1st torque setting, TU-20U,TU-40U, TU-50U
represents the temperature value measured by
the multi-tester at terminal U when the speed
setting conditions are 20Hz, 40Hz, and 50Hz. If
denoted V means the measurement at the
terminal V. IR-20U, IR-40U, IR-50U is
represents the temperature value measured by
the Infrared Thermography at terminal U when
the speed setting conditions are 20Hz, 40Hz,
and 50Hz too.

From Table 3 to Table 5 and the graphs
in Fig.6 and Fig.7 (left) can be explained as
follows, when terminal U is set to a torque of 0.5
Nm and terminal V, W is set to a torque of 1.5
Nm and the motor is tested to rotate with a
frequency of 20 Hz, at 0 o'clock (about 10
minutes from the moment it is turned on) the
temperature of terminal U (IR-20U) is 30.1 °C
while the temperature of terminal V (IR-20V) is

30.3 °C, meaning that the initial temperature of
each terminals like that. When the motor has
been running for about 2 hours, a second
measurement is made, the IR-20U is 31.2°C and
the IR-20V is 30.5 °C, and so on until the 8th
hour (meaning 8 hours from the start of
operation). It can be seen that the temperature
increase at terminal U tends to be higher
(temperature increase of 13.6%) compared to
terminal V (11.6%) during the 8-hour test
process. The graph is shown with a red line for
terminal U and a black line for terminal V. For
the blue and brown bar graphs are comparative
data taken using another temperature measuring
instrument  (multitester with  thermocouple
sensor). It can be seen that the trend is similar
to the results of measurements using an infrared
thermograph. The same thing is also seen for
the frequency settings of 40Hz (15.6%
compared to 11.6%) and 50 Hz (13.4%
compared to 7%) with a torque treatment of 0.5
Nm at terminal U, and 1.5 Nm to terminal V and
W. These measurement conditions done with a
torque setting of 67% below standard.

Table 3 . Temperature data at T:=0,5 Nm and ts
1,5 Nm and speed 20Hz

Torque Terminal U-- t1= 0,5 Nm
Setting (T) Terminal V-- T3=1,5 Nm
Freq.Sett. 20 Hz

TU- TU- IR-
Time (hours) | 20U | 20v | 20U 'R(;ZC?V

Q) () ()

0 31,2 30,5 30,1 30,3

2 30,6 30,4 31,2 30,5

4 32,4 32,2 34,2 33,8

6 31,9 31,6 32,3 32,3

8 31,3 30,7 32,3 31,5

Min 30,6 30,4 30,1 30,3

Max 32,4 32,2 34,2 33,8

Max-Min 1,8 1,8 4,1 3,5

Average 31,48 31,08 | 32,02 31,68

0,

6 temp. 59% | 59% |13,6% | 11,6%

Increase

Difference 2%
Obtained from ((1,5Nm-
0, 0,
% Torque | 67% 0,5Nm)/1,5Nm) x 100%
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Table 4. Temperature data at 1:0,5 Nm and 1tz 1,5
Nm and speed 40Hz

Torque Terminal U --t1=0,5 Nm
Setting (T) Terminal V-- t3= 1,5 Nm
Freq.Sett. 40 Hz

. TU- TU- IR-

Time 40U | 4ov | 4ou | 'RAOV
0 29,2 29,1 30,1 30,3
2 31,1 31,1 32,9 32,7
4 31,3 31,1 34 33,8
6 31,5 31,3 33,2 32,3
8 31,7 31,4 34,8 30,9

Min 29,2 29,1 30,1 30,3

Max 31,7 31,4 34,8 33,8

Max-Min 2,5 2,3 4,7 35
Average 30,96 30,8 33 32
0,

Solemp | 6% | 7.9% | 156% | 11,6%

ncrease

Difference 4%
Obtained from ((1,5Nm-
0, 0,
% Torque | 67% 0,5Nm)/1,5Nm)x 100%

Freq. 20 Hz, Torque 0,5Nm
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Figure 6. Graph of Temperature Measurement
Data for terminals U (t2= 0.5 Nm ) and V(3= 1.5
Nm) with frequency setting 20Hz (left) and 40Hz
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Figure 7. Graph of Temperature Measurement
Data for (left) 2 terminals U ( t1 = 0.5Nm ) and
V(ts = 1.5 Nm) with frequency setting 50Hz,
(right) 211 =1 Nm and 40Hz

Table 5. Temperature data at 1:=0,5 Nm and 13 1,5
Nm and speed 50Hz

Torque Terminal U-- T1 = 0,5 Nm
Setting (1) Terminal V-- Tz = 1,5 Nm
Freq.Sett. 50 Hz

Time TU- TU- IR- IR-50V
50U 50 50U o
0 30,4 30,2 30,5 32,3
2 31,3 31 32,3 30,2
4 31,6 30,5 32,1 30,2
6 30,4 30,4 32,3 31,7
8 31,2 30,5 34,6 30,9
Min 30,4 30,2 30,5 30,2
Max 31,6 31 34,6 32,3

Max-Min 1,2 0,8 4,1 2,1
Average 30,98 | 30,52 | 32,36 31,06
BEMP. | 390 | 26% | 134% | 7.0%
Increase

Difference 6,6%
Obtained from ((1,5Nm-
% Torque | 67% 0,5Nm)/1,5Nm)x 100%
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Table 6. Temperature data at Ts =1 Nm and Ts
=1,5 Nm and speed 20Hz

Table 7. Temperature data at T:=1 Nm and t3=1,5
Nm and speed 40Hz

Torque Terminal U —Tt1=1 Nm
Setting (T) Terminal V-- T3 =1,5 Nm
Freq.Sett. 20 Hz

TU- | TU- IR-
Time (hours) | 20U | 20v | 20U 'R(;ZC())V
(°C) (°C) (°C)
0 29 29 29 29
2 29 29 31,2 30,8
4 30 30 32,5 30,8
6 30 30 32,6 31,4
8 30 30 32,8 32,5
Min 29 29 29 29
Max 30 30 32,8 32,5

Max-Min 1 1 3,8 3,5
Average 296 | 29,6 | 31,62 30,9

0,

IA) M. 3406 | 3.4% | 131% | 12,1%

ncrease

Difference 1%
Obtained from ((1,5Nm-
% Torque | 33% 1Nm)/1,5Nm)x 100%

Torque Terminal U-- T1=1 Nm
Setting (1) Terminal V-- T; = 1,5 Nm
Freq.Sett. 40 Hz

TU- TU-
Time (hours) | 40U 40V IR(;A(I:(;U IR(;gV
(°C) Q)
0 30,1 29,8 28,9 28,4
2 31,6 31,4 29,8 29,1
4 31,3 31,3 32,9 31,9
6 30,8 30,5
8 32,5 32,2
Min 30,1 29,8 28,9 28,4
Max 32,5 32,2 32,9 31,9

Max-Min 2,4 2,4 4 3,5
Average 31,26 | 31,04 30,53 29,8

0,

wlemp | gow | 81% | 138% | 12,3%

ncrease

Difference 1,3%
Obtained from ((1,5Nm-
0, 0,
/6 Torque 33% 1Nm)/1,5Nm)x 100%

Tables 6 to Table 8 and the graphs in
Fig.7 (right) and Fig.8 present measurement
data with the condition for the U terminal the bolt
torque is set to 1 Nm or 33% below the standard
value, while the V and W terminals are still the

same, namely 1.5 Nm (100% according to
standard torque). The frequency setting
treatment is still the same, namely three

conditions, 20Hz, 40Hz, and 50Hz. The trend
condition is similar to the trend in the previous
graph in Fig.6 and Fig.7 (left), namely terminals
U and V during the testing process experienced
an increase in temperature, but for terminal U
tended to be higher than terminal V (13.1%
compared to 12.1%, 13.8% compared to 12.3%
and 12.3% compared to 7.8%). For data that is
empty in the 40 Hz frequency column, namely at
6 and 8 hours, this is because there are
technical problems where the infrared
thermograph battery is low and needs to be
recharged for a long time, so no data is
measured with the infrared thermograph. For
conditions, each frequency setting shows a
trend similar to the previous data.

Freq. 40Hz, Torque 1,0Nm Freq. 50Hz, Torque 1,0 Nm

3

B
n 5
2
5 2 2
1
1 1S
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5 0|
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® 25
” »
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B 16| | 285 n
R B [

0 2 4 6 8

U400 (o) mTU-40Y (o€) U500 (o) M TU-50 V(oC)

IR0 {o€) =—=IR-0V foC) —IRS0U (0€) ==IRSOV oC]

Figure 8. Graph of Temperature Measurement
Data for terminals U (t1 =1 Nm ) and V(ts = 1.5
Nm) with frequency setting 40Hz (left) and 50Hz

(right)
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Table 8. Temperature data at tu=1 Nm and t
=1,5 Nm and speed 50Hz

Table 9. Temperature data at T1= T3 =1,5 Nm and
speed 20 Hz

Torque Terminal U—T; =1 Nm Torque Terminal UV,W--T3=1,5 Nm
. Setti T
Setting (T) Terminal V-- T3 =1,5 Nm etting (1)
Freq.Sett. 50 Hz Freq. Sett. 20 Hz
Time | TU-50U | TU-50 E"(F;L'J IR-50V Time | TU-20U | TU20V | IR- | IR-20V
(hours) 0 | VCO) | g | €O (hours) (°C) (°C) %OL; ©C)
°C
0 30 30 29,2 29,4 0 30,5 30,5 29 28,9
2 30,1 30 31 30,8
2 30,6 30,6 31,3 31,4
4 33 32,8 31 30
6 316 | 31,2 | 32,8 31,7 4 315 314 | 314 31,5
8 32,5 32,1 32,8 31,6 6 31,7 31,6 31,4 31,6
Min 30 30 29,2 29,4 8 31,7 31,7 31,5 31,7
Max 33 32,8 32,8 31,7 .
Min 30,5 30,5 29 28,9
Max-Min 3 2,8 3,6 2,3
Average | 31,44 | 3122 | 31,36 | 30,7 Max sl | 3L7 | 8ls | 317
% temp. Max-Min 1,2 1,2 2,5 2,8
Increase 10,0% 9,3% | 12,3% 7,8%
Average 31,2 31,16 30,92 31,02
Difference 4,5%
e ° %temp. | 3.9% | 3.9% | 86% | 9,7%
. Increase
Obtained from ((1,5Nm-
% Torque 33% | "1 Nm)/1,5Nm)x 100% Difference -1,1%
Table 9 and the graph in Fig.9 present | % Torque | 0% Torque Set = standard
measurement data for the standard condition of

the motor terminal torque of 1.5 Nm. It looks
similar to the data in Tables 3 to 5 and Tables 6
to Table 8 that the increase in the duration of
operating hours causes an increase in terminal
temperature. However, when viewed from the
trend from O to 8 hours, the temperature
increase is almost similar between terminal U
and terminal V, although there is still a small
difference in value between the two, which is
about 8.6% compared to 9.7%

Freq 20Hz Torque 1,5 Nm
31s 3z

316 315

s1.4a
EEY
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zos z7.5
o E a & =

——TU-ZOU (0C)  EEETU-ZOV (0C)
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Figure 9. Graph of Temperature Measurement
Data for terminals U=V (T1= t3 = 1,5Nm ) with
frequency setting 20Hz

Based on the formula in Eq.3, where the
electric power is proportional to the square of
the current multiplied by the resistance, it is also
explained that according to Joule's law where
heat can be affected by the value of current and
resistance and for resistance it can be caused
by either rust or a loose connection. This can be
seen from the measurement data in Table 3 until
Table 9 which show that the increasing of the
temperature value to terminal U is greater than
the increasing of temperature to terminal V.
These data indicate that terminal U is set with a
lower bolt tightness torque than the standard
causing an increase in the value of the
resistance at the terminal cable and causes an
increase in the value of the current flowing. The
magnitude of the temperature increase in this
experiment is not so large. For setting torque of
67% below standard it gives an increase in
terminal temperature of 13.4% - 15.6%, while for
setting torque of 33% below standard it gives a
temperature increase of 12.3% -13.8%, this is
due to the current flowing too small (average
0.95A) compared to the current stated on the
motor nameplate (11.1A) or only about 8.56%.
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This small electric current is caused by a no-
load motor. If the motor is added to a load that
can be adjusted to a large or small value, so that
it can produce an electric current close to the
current value on the nameplate, it shows the
results of a significant difference in the
temperature of the U and V terminals.

Based on the data in Table 3 to Table 8,
where the focus is on the "difference" column
where this data is obtained from the difference
between the percentage increase in temperature
of terminal U and terminal V when compared to
the increase in the motor frequency setting (motor
speed). If summarized in one table it will look like
in Table 10 and graph in the Fig.10.

Table 10. Difference Temperature Rise Vs
Motor Speed

20Hz 40Hz 50Hz
Difference (0,5 20 4% 6.60%
Nm)
Difference (1,0 1% 130%  4,50%
Nm)
Differences Temperature rise vs
Speed
10%
o /-.p
0%
20Hz 40Hz 50Hz

e Difference (0,5 Nm)
== Difference (1,0 Nm)

Figure 10. Differences Temperature rise vs
Speed

Table 10 and the graph in Fig.10 shows that
the increase in temperature is directly
proportional to the level of slack termination is
also directly proportional to the increase in
motor speed. If the termination torque level is
lower and the motor speed is increasing, the
terminal temperature rise will be drastically
higher.

CONCLUSION

The relationship between the level of loose
termination and the temperature rise of the cable
(at the termination point) is that the temperature at
the termination point increase is directly
proportional to the level of loose termination and
also directly proportional to the increase in motor

speed. If the termination torque level is lower and
the motor speed is increased, the terminal
temperature rise will drastically rise.
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