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Abstract: The paper presents in the first part a diagnosis of the frequency per year of the pull and
torque test followed by an analysis of the average time given to each attempt, a comparison of
the average time spent on the torqueing and pulling test and the average times to perform the
other tests. In the second part there is a forecast of the times spent performing the test following
the optimization. The optimization is performed in the first phase at project level in the Inventor
Professional 2018 program. The testing method is not foreign to companies that produce cable cord,
and is it described in at least two standards. The latest developments in the electronics field show
an optimization on two separate devices for each stress, pull and torque. The goal of this paper is
to present an optimization of the device for pull stress testing, in order to proceed with both of the
stresses on one device. The optimization aims to reduce the time spent by the quality tester in the
metrological laboratory on this test. Following the optimization, in the forecast it was found that the
quality of work was improved by reducing working hours and removing human assistance as much
as possible in order to eliminate the errors caused by it.

Keywords: cable cords; cable testing; pull and torque testing method; pull and torque testing equipment;
reducing working time

1. Introduction

In modern industry, any company producing electrical cables must set its quality goals as
paramount in order to remain a market leader [1]. In order to maintain its place on the market,
the company must ensure the quality [2] of the products with a set of qualitative tests performed in
the metrological laboratory. The tests must have a large scale to cover any possibility of premature
failure and to ensure the efficiency of the product. Real attention should be paid to the potential for
fires caused by wiring and its characteristics [3,4], and thermal aging [5], which reduces the safety of
the electrical system [6].

One goal is the policy of continuous improvement [7], which aims to optimize the process,
innovation, research and development as well as optimize working hours in the production process.

Optimization of the device aims to facilitate the work of the quality team in the metrological
laboratory and to reduce the time used normally for this kind of test.

2. Innovation Need

Several analyses were carried out by the company in order to have a view of the entire time spent
on the test in the metrological laboratory.

The method [8] helped to confirm the integrity of the product in the following four cases of application:
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1. Stumbling on the cord cable when the socket is positioned at the bottom of the wall. For example,
the cord is attached to a vacuum cleaner and the user moves the appliance, creating a tension of
the cable through which it no longer sits on the floor but will be taut above the floor.

2. Pulling the product from its cable, in cases where the user tries to unplug the appliance by pulling
directly on the appliance or pulling on the cable, instead of unplugging it by the plug.

3. Transporting or lifting the product by its cable. If the appliance is small, this includes appliances
weighing 1 kg or less, such as hair dryers or curlers.

4. Attempting to move a product that is still electrically connected in cases where an appliance such
as a vacuum cleaner is pulled from the cable.

The cables tested were the usual types, for daily use in house appliances.
The research was based on diagnosing the current condition of the cord to determine the level at

which it operates. The diagnosis was based on three major points: (1) determination of the place of
the test in relation to the other test performed in the laboratory, (2) determination of the average time
spent on each test, and (3) determination of the time spent on the pull and torque test.

2.1. Frequency of The Test

Determination of the annual number of tests was made in order to ascertain its position in relation
to the other tests performed in the metrology laboratory. In Figure 1 shows all the tests performed in
the laboratory and their frequency during 2019.
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Figure 1. Frequency of laboratory tests during one year.

The diagram shows that routine or sample tests were performed at a higher frequency, routine
tests being performed in the continuous flow of production and sample tests being performed on each
sample to ensure product compliance. Type tests are tests that are performed on the product before
delivery to ensure that the product is consistent with the requirements.

The pull and torque test is a type test performed at a frequency of 2% in a year; compared to the
other tests performed, it had a much lower rate, but considering the time spent on this operation, it took
longer than the sample ones. The sample test had a 21–22% rate, which was 118 times, compared to
12 times for the pull and torque test.

2.2. Time Spent on Each Test

When analyzing the average time of testing it was observed that the most time spent by the
operator was on the test to determine the resistance to voltage in the cable and the resistance to falling
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(Figure 2). For the pull and torque test, the laboratory technician spent 39 min to determine the
conformity of the product.
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Compared to other tests that were performed in the laboratory, this test required twice as much
time as the electrical resistance, which was determined to be 15 min.

Routine or sample tests had a higher frequency but were performed in less time than the pull and
torque tests; this was mainly due to the large number of operations involved in this test.

2.3. Average Time Provided for the Method

The relatively long time for the method was due to the two stresses to which the cord was
subjected, the tensile stress and the torsional stress.

In this case the electrical resistance was determined as 15 min, the total time calculated for all
operations taking place for this test.

In cases of determining the conformity of the cords in the test for pull and torsion, the average time
of performance was divided by all the operations that took place, as we see in Figure 3. The preparation
of the test piece, which consists in cutting it to size, stripping the jacket about 10 cm, stripping the
conductors about 1.5 cm, and automatically measuring the electrical resistance, was carried out in
an average time of 5 min. Preparing the device, which consists of measuring the weight required
to perform the test using the scale, took an average of 3 min. Preparing the plug, which consists in
marking it in order to have a comparison at the end of the tests, had a duration of 1 min. Preparing the
device for the torsion test had a duration of 5 min, which consists in positioning in the vise. The weight
measurement, which has to be accurate, was made in 3 min. Fixing the cord took place in 2 min,
and the test itself lasted for 1 min. The electrical resistance has an important value because it shows the
integrity of the plug within.
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3. Optimization of the Device in Inventor Professional 2018

The latest developments in this field show that there are a series of electronic devices that can
perform this test separately, which means that there is one device for the pull test and another one for
the torque test, although between the two devices the most important role is played by the weight
because it sets the hardness of the test. Researching the international market for the types of equipment
used for this kind of test, there are limited options [9–12].

Optimization of the device has the goal to facilitate the work of the quality team in the metrological
laboratory and to reduce the time used normally for this kind of test.

3.1. Innovation of the Device

The version of the device that was used in the laboratory had manual actuation, which means
that the 100 cycles were done by the staff manually, and the device for the torque test was separate
from the device for the pull test. The staff had to walk every time from one operation desk to another,
which was unnecessary time and could be reduced by an innovation of the device, so it could do both
of the tests on one device.

Several measurements were carried out because the weight that rolls on the filleted bar could
not roll to the minimal point, tangent to the body of the device, because of the fixing device for the
cable. In order for the weight to roll and make a complete cycle, the bar that holds the weight was
moved below, as Figure 4 shows. The prototype for this device was made in the Inventor Professional
2018 program.
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The basis of innovation was considered to be the last level at which the optimized product was
located. Taking into account the latest research in this field, two separate, automated devices were
used for that test.

The principle of use of the torsion device, following the innovation, changed completely.
Despite the fact that the principle of operation remained identical to the previous one, the emphasis
was on facilitating and excluding possible human errors that may occur as a result of the empirical use
of the device.

The optimization of the device consisted in remodeling it so that both tearing and twisting requests
could be executed on the same device. Taking into account the fact that a force of 100 N was applied in
the pull-out test, which transformed into a unit of weight was 10,197 kg, and to the torsion test a force
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of 12.5 N was applied, which, transformed, was 1275 kg, it was necessary to be able to slide the weight
so that the margin of force on the glazing bar passed through the cable clamp.

For the tensile stress, the device was subjected to the optimization of the movable arm for the
application of the weight; the position of the weight, as can be seen in Figure 4, was changed by placing
the threaded bar at the bottom of it. At the top, the support for the cable fastener was kept, the initial
bar being fixed by the support rods at the bottom.

For the pull-out and torsion test device, the force arm is of major importance because its
optimization in terms of achieving a torque of less than 3 kg at the moment of force creates the
possibility of using the weight for both tests. This optimization can be achieved only by constructing
the arm so that the weight can slide over the entire arm to make a full stroke, but once it reaches the
turning point its value is equal to 0.

Mathematically, the value of the moment of force is equal to the product of the value of the force
arm and the value of the force [13].

M = b × F N/m. (1)

In relation to the moment of force, the force is directly proportional to the force arm, so as the
weight slides toward the fixing point, it decreases and the force arm will also decrease.

Both the force and the force arm are specified in IEC 66335–1 [8], as seen in Table 1.

Table 1. Torques applied to the pull-out and torsion test [8].

Couple Section mm2

0.10 Nm 2 × 0.5
0.15 Nm 2 × 0.75

3 × 0.5
0.25 Nm 3 × 0.75

F = 12.5 N 2 × 1.00
Bf = 2 cm 3 × 1.00

0.5 Nm 2 × 1.5
F = 25 N 3 × 1.5
Bf = 2 cm

For torsional stress, the device used was remodeled and optimized so that it could be joined and
fitted to the pull stress device. The questions underlying the determination of the appropriate location
were closely related to the position of the cable fastener where the weight value is measured.

The optimized device for the torque test is presented in Figure 5, from front and rear view.
The location in the upper part of the body allowed easy access to the cable entry hole for tensile stress
and torsional stress when inserting the cord for the use of the same weight.
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Compared to the original device, the optimized one, which is shown in Figure 6, was changed by
moving the position of the cord fixing support, which was made for clamping, to the side of the device.
To fix the cord in the initial device, a mobile fastening system was used that slid on the support but
was fixed by screws, which in this phase is no longer possible, so the fixation was placed directly on
the body of the traction device, and it will no longer be necessary to remove the traction device.
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The cord that is attached to the torsion roller, and with which the device will be operated, will pass
through the hole on the body of the device. The cord is fastened to the cable clamp used for the
tensile stress.

3.2. Tests on the Device

The first tests on the new device took place in May and were recorded in metrological bulletins.
Following the implementation, 12 trials were performed to establish the effectiveness of the optimization.
As can be seen in Figure 7, in the determination of the conformity of the cords in the tensile and
torsional test on the optimized device, the average performance time was divided for all operations
taking place, the preparation of the specimen and the electrical resistance were performed in the same
time, an average of 5 min.Proceedings 2020, 63, x FOR PEER REVIEW 7 of 8 
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The preparation of the device, which consisted in placing the weight necessary to carry out the test
on the threaded bar next to the marking of the force provided in the standard, took on average 1 min.

The marking of the plug and the cord was performed in an average time of 1 min, after which
its fixing between the clamping device on the arm of the device required on average 2 min. The test
itself to perform the pull stress by rotating the eccentric of the device 100 times takes a total of 2 min
but is no longer performed by the laboratory, thus allowing work such as, for example, the metrology
bulletin to be completed at the end of the test and its disassembly for 2 min. The preparation of the
device to perform the torsional stress was excluded because it no longer required time, but was kept in
the diagram in order to have a vision of the optimization.

The measurement of the weight used in this test, which consists in positioning it in relation to
the dimension on the bar indicating the appropriate weight, was carried out in 1 min. Fixing the
plug in the device was done on average in 2 min. The test took an average of 1 min, measured with
a stopwatch. The measurement of the electrical resistance, after the test, took on average 5 min,
after which, following the observations of the test piece, the conclusions and possible discussions were
made, which lasted on average 8 min. By summing up all the operations, it was observed that the
average time to perform the operation was 28 min.

4. Comparison between Test Results before Optimization and after Optimization

Following the implementation of the optimized device it was necessary to study the effectiveness
of the device to conclude whether the proposed purpose was met and had a strong impact on the
quality of working time of the staff in the metrology laboratory in a power plant.

The first step in the conclusion was a comparison between the durations of the operations that
were part of the pull and torsion test before and after the optimization.

When overlapping the two average times obtained, as shown in Figure 8, from the beginning
there was a decrease in times due to the presence of zero times when testing on the optimized device.
Zero times were found in the first phase of the test itself, where the presence of the laboratory was no
longer required. This was due to its automation, during which time staff could perform other tasks.
This operation initially took 2 min. The second phase, the operation of preparing the torsion device,
which consisted of fixing in the vise and lasted an average of 5 min, was completely excluded from
the series of operations performed during the test on the optimized device because the vise was now
attached to the device at a well-established, fixed place, not needing fixing in advance.
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5. Conclusions

As the diagram shows, the average time allotted for sticking the device decreased considerably
from 3 min to 1 min. This operation consisted of measuring the force required in placing the scale on
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the upper surface of the plug fixing plate, after which the scale hook was fixed on the threaded bar,
next to the cable fixing device. The force, N, in weight, was transformed to kg, then the weight was
slid on the bar until the set force was reached. At the moment, the weight was slid on the bar next to
the force marking on the plate.

Another decrease in working time due to optimization was found in the weight measurement
operation for the torsional stress, which this time was performed on those devices so there was no
need for measurement, as the location of the weight is next to the marking on the plate.

The efficiency of the device was distinguished by performing the test as quickly as possible,
at the same quality as the previous one or at a higher quality. Excluding human intervention as much
as possible raises the level of test quality by reducing errors such as manual traction, where lack of
constant force and speed can cause involuntary jerks that damage the product.
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