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Abstract. The study of the metrological risks of the car cables’ production is provided in the current issue. It is
proposed to develop several different sampling methods to form lots for the study. Their capabilities are evaluated
according to selected criteria based on the available technology. The advantages of the dynamic method according to
the possibilities of operative metrological workshops are shown. Certain advantageous factors of the method (e.g.
percentage of cables to be measured; the lot’s waiting time, etc.) have been identified.
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1. Introduction

Sustainable development of automotive equip-
ment has made it possible to further improve the serial
production of cars in compliance with the requirements
for the ecology of production. Several car equipment
manufacturers have recently appeared in Ukraine. The
latter include powerful cables for electrical equipment to
transmit a pulse of current from the battery to the
headlights and the starter, and at the time of starting the
engine, current values can briefly reach hundreds of
amperes. Regarding the problems with the headlights,
Toyota is recalling in the United States (from 1.11.2021)
158 thousand Tundra pickups, released in 20182021,
due to problems with the headlights, which can lead to
ignition [1]. Toyota promises that its dealers if they find
a defect, will fix it for free.

2. Shortcomings

The presence of metrologically conditioned risks
has been established, while the significant electric and
energy loads during the operation of cars lead to losses
due to economic risks. Free elimination for customers
does not mean, but only emphasizes its significant cost
to the end manufacturer, which is the mentioned
company. The latter should include in this cost not only
the cost of troubleshooting but the cost of revocation.

3. The Aim of the Issue

The work aims to study the various manifestations
caused by changes in the technology of production of
automotive parts, metrological and economic risks, both
on the sides of manufacturers, including the final
manufacturer and consumers, as recommended by the
revised 2017 standard [2] concerning of results pro-
cessing by calibration and testing laboratories, and also
the research of possibilities of hardware and software
updating of smart means of production regarding the
reduction of the specified risks.

4. Consideration of Metrological and
Economic Risks in the Most Energy-Intensive
Parts of the Car

In the context of the goal of the current issue, we
focus on the in-depth study of statistical and
metrological features of specific production technology,
obtaining a general picture in terms of risk aspects, and
identifying opportunities to reduce risk utilizing the
smart metrology [3].

Let’s consider economic and metrological risks as
two groups of interrelated risks, the interdependence of
which becomes particularly powerful in the energy-
intensive elements of the car. These include wiring parts,
including cables. In the latter, the so-called weak
elements and individual “points” with the maximum
value of dissipated electric power are distinguished. In
general, the thermodynamics of irreversible processes
through its basic equation [4] considers any situation that
arises in a complex technical object, estimating the
dissipated power and the resulting changes in entropy. It
is at these points, where the release of entropy is
maximum, that a number of the complex physical,
chemical and mechanical processes occur, which
significantly impair the reliability of the products.
Otherwise, the operation of cables made with violations
of technology, explicit or implicit, increases the risks of
its failure, and mainly the risks to the consumer.

4.1. Materials approach risks

Strict requirements for the design of the electric
cable of the car are to ensure the quality, first of all, of
its tips and areas of their connection to the conductor,
eliminating their soldering or welding (environmentally
harmful technological operation) leads to the need for
mechanical crimping a series of wires forming a cable.
The electrical resistance of the transition zone can be
10°-107 Q, and its measurement to characterize the
quality with an error of ~ 2-5 % requires a sensitivity of



44 Measuring equipment and metrology. Vol. 82, No. 4, 2021

10°-107° Q. That is, Kelvin double bridges of electrical
resistance become necessary [5]. However, they are
quite expensive, require a significant duration for
measurements, and are not able to monitor the operations
for all manufactured cables: at the same time a number
of them for different brands of vehicles. Therefore, such
metrological means are not provided by technological
schemes and are replaced, for the established and
repeatedly checked technology, by equivalent, according
to manufacturers, monitoring means. In such a way there
were proposed the “dimensional” templates: if the
template tightly fits the crimp area of the cable tip, it is
considered sufficient to ensure the “normal” quality of
the cable. This is how the lines for the production of
modern cables operate; and this situation practically
satisfies the car manufacturers, as well as the end
consumers, who are the ordinary citizens. We emphasize
that with the developed technology of cable production
such a scheme works more or less reliably.

Since the considered technology is preceded by
several previous technologies that are the technology of
producing a sheet of metal of a certain thickness, the
technology of making metal, the technology of
extraction of raw materials, etc., the minimum deviations
at any previous technological link arise the risks in
subsequent links and so on up to the final consumer.
Unfortunately, changes in the production of material for
the manufacture of copper-alloy tips, due to depletion of
ores, adjustment of metal production technology and the
sheet itself for the production of tips, etc., can lead to
further deviations, seemingly insignificant, but able to
occur in extreme situations.

This, we believe, is the moment of starting the
motor, when through the tip that compresses the
conductive wire, a current of hundreds of Amperes
passes. This causes it to heat up. The area of the tip
adjacent to the cable is especially heated. Due to micro-
roughness, its electrical resistance is slightly higher than
the mean resistance of the conductor. There is an
excessive release of electric power, which leads to its
significant heating and, thus, to a further increase in
power dissipated in this place. Otherwise, the process is
characterized by positive feedback. In the incandescent
lamp, the defective zone of the spiral is similarly
overheated and it fails prematurely. This process is
superimposed on the thermal release of the contact
metal. As a result, the latter partially loses its shape
stability, which also intensifies the hot spot.

4.2. Economic approaches to risks

In the world of trade, there is a well-known
principle called risk sharing. In reproducing these
principles, however relevant they may have been in their
original context, the industry has focused on ensuring the
conformity of the goods or services provided. In case of
a defect, the consequences will be felt by the customer,
and the consequences can be quite serious [6]. The

critical component of a car whose starter has failed or a
cable has overheated makes a great problem. Metrology
and economics need to be smart enough to give a correct
answer to the only question of interest concerning the
appropriate risks.

Therefore, production practice requires daily
monitoring of metrological indicators, and measuring
instruments must meet the necessary specifications.
Let’s remember that they should be established not only
based on the uncertainty budget (by determining the im-
pact of the instrument on other uncertainty components)
but also take into account the relevant acceptable risks
for customers and suppliers following [7].

Based on the fact that the planned calibration is a
practice that belongs to the world of legal metrology and
does not always meet the real needs of industrial reality,
i.e. overcoming the risks associated with every decision,
we implement smart metrology. It offers a model of the
usefulness of continuous monitoring in contrast to the
model of arbitrary periodic one [3]. In our case, this may
mean that each car should be equipped with a smart
device (Kelvin bridge), the possibility of which is too
early to consider. We’ll focus further on the risks
associated with solving the problem of transient contacts
of the power part of the car cables since the presence of
this problem is noticed by manufacturers in the stages
preceding the car's production and use.

4.3. Metrological approaches to risks

The importance of an accurate and precise
metrology tool was determined by empirical rules, such
as the Gagemaker rule (when the accuracy tolerances of
the measuring equipment should not exceed 10 % of the
tolerances of the parts being checked). However, with
the advent of the statistical process of production mana-
gement, we moved almost to the statistical determination
of the probability of incorrect classification of products
during the metrological study. Few parameters, such as
process distribution, precision, and accuracy of the
metrological instrument, measurement strategies, etc.,
determine the probability that a good product is
classified as bad, and vice versa. Subsequently, the pro-
bability function can be converted to a number equiva-
lent to the percentage of the incorrectly classified
product. From this number, we can compute the cost of
incorrect classification, which is a function of the pre-
cision, accuracy, and measurement strategy used. This
value can be used to make decisions that justify new
metrology capabilities, improve measurement strategies,
or decide whether metrology is needed at all [8].

5. Production of Car Parts and Its
Metrological Support

The complexity of car parts production is
permanently growing. Stages of control are added, which
should guarantee the high quality of products. While
manufacturing car cables the necessary stages can be
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repeated. In addition, the variety of types complicates the
process. Despite the need for the recommended stages,
most of them may be considered unnecessary by the
manufacturer. Since these are mostly not value-added
steps that increase the cost of the final product, they are
abandoned. The purpose of the manufacturer is to find a
balance between performing the required number of
metrology operations and achieving high productivity.

Let’s consider approaches to optimize sampling
parameters (number of samples and frequency of
inspections) and develop dynamic strategies to reduce
risk in the manufacture of the car cables as well as the
procedure to help determine which sampling strategy is
the best, focusing on metrological characteristics and
risk values. Previous studies have shown that
unnecessary measurements can be avoided if the
sampling strategy applies only to process machines with
a constant sampling rate. Procedures for changing the
sampling strategy suggest calculating the coefficients for
the new sampling method.

In [9], approaches to sampling optimization for
different types of metrology instruments are proposed,
taking into account the capabilities of metrology in terms
of computing parameters, such as the performance of
metrological instruments and the probability of failure.
Then metrological opportunities can be better used,
depending on the characteristics of monitored process
equipment. Thus, more attention can be paid to identi-
fying critical characteristics.

Regarding sampling methods, they can be
classified into three main types: static, adaptive, and
dynamic [10]:

— The static sampling type determines the lots to
be measured at the beginning of production without any
possible changes.

— The adaptive type also indicates the lots that
should be measured at the beginning using the
appropriate sampling rules, but with the possibility of
final measurement fulfillment or not fulfillment, depen-
ding on the information collected during production.

— The dynamic sampling type is applied for
measuring in real-time the best lots of products or their
components, depending on the capacity of metrology and
the current situation.

Deficiencies were identified for static sampling
[11], where some technological tools were never used
until completion, i. e. until the end of the application of
the dynamic sampling for sample quality identification.

To control process machines or products, the
static sampling can be assigned with a set value of the
sampling factor such as “1/N”, where N is the number of
cables lots within the risk group. This means that for a
ratio of 1/10, one lot has to be measured from the batch
of 10 produced lots. If each lot contains 10 cables, 90
cables of the same type are the at-risk area of lack of
checking. Otherwise, C@R (cables at risk) factor is

proposed as an indicator for managing the level of risk of
the technological tool. It indicates the number of
manufactured cables that may be compromised between
two consecutive events.

In addition, it was found that the involvement of
some metrological techniques does not depend on the
monitored object, but depends on the capabilities of
technological equipment and sampling with this
equipment. In our case, such a technological tool can be
considered a high-precision Kelvin double bridge for
measuring the electrical resistance of the transition zones
“tip — cable”. This bridge limits the sampling time, as it
takes ~ 5 minutes to determine the resistance of one
cable.

In this context, it is emphasized the in-depth study
of the producer's current quality control and compliance
system, including the workshops to ensure the choice of
the cable. The enterprises of the branch are constantly
developing methods to detect deviations in the current
technological processes as soon as possible while
maintaining high product quality. At the same time, the
study of ways to improve the reliability of processes and
equipment without overloading the production system
becomes a priority. To achieve the quality of
technological processes and production equipment, it is
recommended to perform calibrations (to control the
quality of compression of the tips, dimensional calibers
are used, with which each manufactured cable is
checked. That is, 100 % sampling is performed).

Unfortunately, the current risks due to the
inadequate input control of the tips’ material, lead to the
occurrence and possible recurrence over time of the
above-mentioned defects, which are manifested in the
end-user. At the moment, we have proposed several
workshops able to reduce consumer risks by increasing
the risks of the producer or a group of producers. These
include various additional checks or workshops aimed at
replacing the operation of checking the compressed tips
with a caliber. List and describe them:

— Replacement of the checking operation of the
compressed tips with the help of dimensional caliber
with the operation of the 3D vision [12]. It can be
received the benefits of the applied method of rejection.
However, the weakening of dimensional stability cannot
be eliminated. This requires the implementation of
stricter input control of the sheet material of the tips, for
example by using the method of thermoelectric probe
[13] powered by acoustic control.

— Addition or replacement of the checking
operation of the compressed tips with the help of dimen-
sional caliber by the measurements of the electrical
resistance of the transition zone of the compressed tip.
This makes it possible to determine the optimal electric
property which characterizes the formation of the “hot”
dot of the cable during its operation.
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Let’s consider in more detail the features of
dynamic sampling similar to [9]. The latter is based on
its criteria for selecting the best lots for real-time mea-
surements and depends on the current cables’ production
situation, without taking into account pre-defined rules
that precede the measurement phase. This sampling
method allows better control of metrological capacity
compared to static and adaptive sampling methods.

Dynamic selection of samples has started from
[14, 15] where a method of effective queue management
for metrological research was proposed. It combines
separate sampling rules into a single unique sampling
solution and subsequently an algorithm capable of
responding to changing producing conditions, which has
improved flexibility in determining sampling rules.

The next step has consisted in the implementation
of the algorithm for selecting optimal lots, relying on a
set of selection rules based on assigning certain
“minuses” to each of the sampling rules, so that, as a
result, then using a mixed-integer linear program to
select objects with a minimum sum [16]. A similar
sampling program developed at AMD’s plant has helped
better control the length of the metrological cycle while
maintaining excellent products quality [17]. To avoid
excessive sampling, it was been proposed a sampling
methodology [18] able to distinguish between systematic
random defects using pre-established data.

The dynamic sampling method [19] which has
introduced a sampling planning and execution algorithm
to minimize risks, is based on a Global Sample Indicator
(GSI). It has been defined to select the lots to sample and
to schedule them on the measurement tools. The
industrial application of dynamic sampling based on the
GSI, which assigns weight to each lot entering the
measurement phase and determines the lots to be
measured to minimize the overall level of factory risk
was performed by [20]. A simulator called S5 (Smart
Sampling Scheduling and Skipping Simulator) has been
implemented and validated on actual data. It shows that
the risks can be strongly reduced while keeping a limited
number of measures [21]. It is stated [9] that the
development of dynamic sampling strategies for research
requires more investment (time + money) in the
development of methodology and implementation,
compared to static or adaptive sampling methods.

Relying on such experience, we are working
below on similar solutions with help of the mentioned
methods of sampling including dynamic type, in the
production of cars’ cables. To obtain the final product,
more than 100 technological operations are performed
on cables, including preparatory operations on the
reconfiguration of the technological line. In contrast to
semiconductor chip manufacturing operations, where the
cycle duration reaches two months, here the final cycle
duration is lower than 1 work shift.

The technology must ensure that the equipment is
used correctly and the cables are made following the

requirements for a given type of vehicle. Labels attached
to manufactured objects are used. According to the
manufacturer, excessive use of metrological tools leads
to production delays. The compromise between the
number of metrologically justified workshops and
productivity is shifted towards the latter, which causes
the shortcomings identified by the consumer in cars.
Only a complete assessment of the cost of recalling and
repairing cars, as well as the loss of reliable brands
image, can give weight to smart metrology.

5.1. Kelvin bridge in quality control of cables
of automobile production

Measurements performed with this method are
described in detail in [5]. The needed time for only one
cable to be measured in a few minutes. This means that
if you have the necessary metrological instrument and an
experienced metrologist, with a total capacity of 1000
cables per shift, you can check ~ 30 % of the cables
during the shift. Otherwise, a 30 % sample is provided;
the adaptive sampling method, which provides for the
possibility of checking a batch of cables at the end of
their manufacture, cannot be recommended.

5.2. Probe method of studying the stability
of the material of the supplied plates for cable tips
by their thermo-EMF

The probe method can be used at the stage of
preparation of materials for the manufacture of cable tips
by studying thermo-EMF [13]. Both the sheet from
which the tips are made and the tips themselves are
inspected. The material is characterized by the confor-
mity of the reference sample, for which there are data on
the cables’ reliability confirmed by the consumer.

5.3. Method of 3D dimensional vision

The method is related to materials science and is
performed automatically by a webcam when an artificial
neural network is involved for image analysis. In
practice, it is relevant to the above-described and widely
used method of rejecting manufactured cables after the
operation of crimping the body of the cable tips. It does
not require much time and can be re-applied after some
time with the analysis of the intensity of the initial stages
of loss of stability [22].

5.4. Development of the Sampling Rules,
Types, and Strategies

Analysis of metrological workshops data for the
production of automotive parts, based on the funda-
mental points concerning the quality of manufactured
objects, have shown the necessity to match the lot’s size
with the risk values (economic and metrological).

Preferably, specialized cable-production enterp-
rises provide inspection of each cable during the manu-
facturing cycle with the help of a certain type of
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metrological control every 60 seconds. The metrology
team consists of 2 workers using 16 autonomous
metrological instruments (for such measurements as
thickness, overlay, critical size, etc.), 7 instruments for
detecting contaminants, particles, scratches, voids, poor
seal, etc.), 12 types of tools (means for storage and pro-
tection of objects from pollution) and 4 built-in metro-
logy tools (for electronic paper labels); total 39 items.

5.5. Sampling and scheduling algorithms.
Metrological approaches

It was proposed an approach to assess the
correctness of sampling of the checked objects and
scheduling of these samples over time in combination
with technological capabilities of manufacturing as well
as the metrological support of the technological line.
Finally, the metrological workshops have eliminated
excessive delays at the measurement stage and the stage
of queues. This approach is designed primarily for the
automotive industry as an industry with significant risk,
including the final consumer.

The following types of scheduling of separate
batches of products are considered:

— FIFO (abbreviation of the English term): First
In, First Out.

The first lot that has entered the metrology zone
and is intended for measurement, is checked first.

— LIFO: Last In, First Out.

The last lot that has entered the metrology zone
and is intended for measurement, is measured first.

— Priority order:

Lots that reach the metrological zone are
submitted for inspection following a pre-established
procedure.

— Another order:

The order of the lots’ studies is established arbi-
trarily and is not discussed in advance. It can be deter-
mined, for example, by increasing the delivery time of
components or their receipt from the process equipment,
which is characterized by the highest level of risk.

In addition, to applying the above scheduling
rules, there are considered the possibility of fulfilling
steps in terms of effective application of metrology
possibilities and obtaining lower risks by changing the
sampling technique [10]. In particular, this can be done
using a dynamic sampling type, which implements a
policy of admission to effectively manage metrology
queues and which first selects the parties coming from
the process equipment with its inherent higher risks.

To determine which of the methods is more
acceptable, let’s consider three criteria:

A) Space: evaluates the method based on the
required physical space for lots of cables waiting to be
measured.

B) Resources: evaluates the method based on the
resources required for implementation in terms of time,
money, and complexity.

C) Effectiveness: access the method based on its
expected results in terms of risk and how reasonably the
workshops are performed (the checked lots can minimize
the risk).

The afore-mentioned methods are ranked
according to the criterion from the best factor (1) to the
worst one (4). Finally, the method with the lowest total
value of the evaluation factor is considered the best to
choose.

Table 1

Evaluation of scheduling methods and sampling
strategies for car parts

The factor
Method Space Reso- Efﬁ_ of the,
urces | ciency method’s
assessment
FIFO 3 1 3 2.33
LIFO 3 1 4 2.67
Priority order 2 2 2 2.00
Another order 1 2 1 1.33
(dynamic (mean)
method)
— By type of 1 3 1 1.67
cables
— By poten- 1 1 1 1.00
tially weak
cable compo-
nent, fi. the tip
— By particular 1 2 1 1.33
team or
individual
employee

The afore-mentioned approach may lead to the
introduction of a new method, different from the pre-
vious one. It is aimed at enhancing the value of metro-
logical risk C@R due to the introduction of metrological
workshops, including the minimization of the queues’
duration. Such metrological operation as checking the
quality of cable’s tip compression by the caliber does not
carry useful information in the considered situation.
C@R value does not reduce. By replacing it with the
operation of automated 3D-vision, as well as by
introducing the operation of the input check of the
material of the contact plate or the contact itself with
help of the thermoelectric probes, it can be reduced the
queues’ duration.

The potentially weak cable component, that is the
tips, are studied several times by dissimilar scheduling
methods and sampling strategies. First, it is the input
checking of tips’ plate on the compliance with the
standard composition. Second, the analysis of operation
quality that is the C@R chart for a given process
machine compressing the tip around the cable blank.
When the current cable from the particular lot is checked
with help of traditional operation applying the
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dimensional caliber, it takes minimal time and is fulfilled
entirely. This time is included in the accepted previously
“Process Time”. Here, the traditional technology is
supplemented with the stand-alone verification of the
tips’ platter. This does not eliminate the possibility of the
weak hot spot appearance in the future arising the
consumer’s risk.

To reduce the probability of occurrence of these
spots, it is necessary to conduct additional issues of the
certain lots of manufactured cables in conditions close to
natural. This means the need to study the shape stability
of the tips in accelerated conditions, i.e. for the
transmission of the electrical currents greater than 10—
20 % of the nominal values for the operating cables.
These tests should be performed on already manu-
factured cables, for example, by organizing a 10 %
sampling; again, the duration of the test and the
production cycle as a whole, increases quite significantly
— by 2-3 %. In this case, the current transmission is
preceded by measurements of a) the electrical resistance
of the transition zone “tip — cable”; b) verification of this
area by dimensional caliber; ¢) relevant verification of
these zone by the 3D vision. The same studies on
samples of the same lot are repeated at the end of current
tests. In the presence of significant changes that go
beyond the mean values, the presence of the defects in
the specified weak point of the cable is proven.

As a result, when the current lot is to be studied,
the value of C@R increases. It increases in proportion to
the number of cables waiting for these metrological
workshops. Later, the measurement operation begins,
which takes some time. At this point, the value of C@R
drops to as many cables as processed. The final value of
C@R is the difference between C@R, reduced as a result
of the measurement check, and the current value of
C@R increased since the technological equipment
produces the next batch of cables.

Thus, 2 times introduced to analyze the level of
metrological risks C@R: the duration of metrological
operations and the duration of waiting for the party in
line for metrological activities, can better characterize
the proposed policy. On average, for each metrological
workshop, the time allotted for a chosen lot usually
exceeds the duration of their measurement, due to the
service queues’ duration.

To identify opportunities to improve the quality of
several units of process equipment due to the workshops,
let’s consider the procedure for assessing the selection
and sampling of objects and the possibility of changing
the sampling strategy. This approach should be repeated
frequently to clarify the correctness of the used sampling
model. This procedure is divided into the following main
stages (Fig. 1): 1. Specification of the applied metrolo-
gical instrument’s performance. 2. Study of the relation-
ship between units of technological equipment and
metrological instruments. 3. Identification of possible

bottlenecks in technology for its improvement due to the
introduction of proposed workshops. 4. Considering the
current sampling strategy, analyze the possibilities of the
proposed new sampling strategy and calculate new
sampling coefficients. 5. Deciding whether there are
enough metrological measures to maintain the current
technological support (path 5-3) or whether to change
the technology and its metrological support (path 5-1)

)
-t

Fig. 1. Procedure for assessing the selection
and determination of cables’ sampling status

It can be emphasized that in this figure the 3rd
stage is responsible for determining the correct indica-
tors when establishing the possibility of their improve-
ment. If the indicators are of sufficient quality, then the
chosen lot remains unchanged. Otherwise, we move to
the 4th stage, which introduces a new sampling strategy.
Before making changes to it, is necessary to study the
quality indicators to check later in which direction the
process has altered due to the made changes. Here, the
indicators can be the C@R values for the process
equipment, the overall efficiency of the equipment, the
duration of the cycle, the output of cables, and so on.

If it is impossible to improve the sampling
methodology, for example by changing the sampling rate
values or the strategy, the current scheduling system is
studied aiming for its possible alteration. If the sampling
strategy is maintained, then a model of checking its ope-
rability is created, with the help of which the correctness
of the strategy is regularly checked. The criterion, in this
case, is the expectancy of the results and at least the
consistency or improvement of the C@R values.

In addition to C@R wvalues, two other key
performance indicators are subject to review. They
describe whether there has been an improvement with
the change in sampling strategy, namely: risk variability
and changes in cycle duration. When the total risk
variability for certain workshops, expressed by the
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standard deviation ¢ of the obtained values, may
decrease (for C@R values — from 78 to 48), this
indicates the effectiveness of the workshops taken
before.

Thus, there was carried out a detailed analysis of
metrological workshops on the example of the produc-
tion of cars’ cables, taking into account the following:
physical and design features of the components of
cables, the number of units of technological equipment
for their production, complexity, and skills of work-
shops, types of metrological instruments, lots’ sche-
duling strategy, placement of the workshops in the
production cycle, the relative number of tested cables,
sampling rules and frequency, number and duration of
measurements and queues, and C@R values. This makes
it possible to understand how effective the metrological
workshops are in key parameters, as well as how well
the fulfilled decisions can improve the productivity of a
particular workshop and, consequently, reduce the
metrological and economic risks of manufactured cables.

6. Consummation

As a result of studying the combined risks of
flexible production of complex and reconfigurable pro-
duction of electric cars’ cables, combined with several
metrological workshops aimed at improving their
quality, the following is established:

— There are some workshops able to improve
significantly the quality of cables and reduce the risks of
consumers by increasing the metrological risk of the
manufacturer. To identify the potential for possible
quality improvement and risk reduction, the considered
workshops analysis procedure has been developed and
some characteristics have been established (e.g.
percentage of cables to be measured; the lot’s waiting
time, etc.) and the sampling methods for verification
during the production cycle.

— Approaches to sampling strategy have changed
and workshops based on sampling by-products and ope-
rations have been separated: product approaches should be
based on variable sampling coefficients, while techno-
logical equipment approaches should be based on constant
coefficients, as the latter can stand idle for some time.

— Based on the specifics of checking the cars’
cables, the nomenclature of which varies from one relay
to another depending on the production order, a
combined sampling for studies, taking into account the
capabilities of metrological instruments, was proposed.
To meet the required sampling frequency, this method
gives priority to sampling by product type and by lot-
sending operation for measurement, which is provided
when the previous sampling method did not achieve the
objectives.

— A relevant approach can be considered esti-
mation of the characteristics of metrological instruments

concerning the characterization of the studied cables, f.i
by notification of their produced quantity.

The dynamic sampling strategy, quite effective in
the electronics production, has proven its success for
small-scale flexible production of car cables, as effective
in lots’ selection for measurements, convenient in
adaption for permanent restructuring of technology
(alteration of the list of cables), and on the management
of metrological capabilities aiming the achievement of
the reduced metrological risk and cycle time with
increased productivity.

Therefore, a method for changing the sampling
strategy has to be developed to identify the correct steps:
to reconcile the existing sampling strategy with the
capabilities of metrological instruments; to achieve an
optimal risk strategy by detecting redundant metrological
instruments; to identify risk mitigation concerning the
next stages of production and operation of the considered
cables.
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