Proc. 12th National Conference with International Participation "Electronica 2021", May 27 - 28, 2021, Sofia, Bulgaria

Use of MSA (Measurement statistical analysis) for
evaluation of measuring systems for quality control
of an automatic production line

Valentin Tsenev
College of Energy and Electronics
TU Sofia
Botevgrad, Bulgaria
vtsenev(@tu-sofia.bg

Uliana Georgieva Asenova
Faculty of Engineering and Pedagogy
TU Sofia
Sofia, Bulgaria
asenova_uliana 94@abv.bg

Abstract—The MSA (Measurement statistical analysis)
method was used to evaluate the measuring systems for quality
assessment in the production of connectors (electromechanics)
for the automotive industry on an automatic production line.
Based on the collected data, an analysis of the capabilities of
the measuring system was performed using QSTATLAB. A
conclusion was made on the basis of the obtained results with
conclusions regarding the admissibility of the process and its
improvement.
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I. INTRODUCTION

In fast automatic production processes, secure measuring
and control modules are used, which must be properly set up
and verified. A modern method for evaluation and
verification of such modules is MSA [1], which examines the
impact of equipment, method, materials, operator and
environment [2] and ensures their proper use. Many software
products [3, 4] are used for the application of MSA, in which
there is a built-in module for MSA assessment. The
evaluation parameter is R&R, which is a measure of the
repeatability and reproducibility of the measuring system.
Based on statistics and correlations, the limits of R&D [5]
are determined, at which measuring systems can be used or
need to be improved.

The procedure for conducting an MSA includes the
following steps:

1)  Sampling of controlled objects (volume n => 10);

2) Measurement of individual objects by several
controllers several times;

3)  Processing of the obtained results and determination
of the components of the full variation;

4)  Comparison of the result with the admissible values
and assessment of the measuring system.

The main components of the complete variation of the
measuring system are:

. Deviation;

. Repeatability;

. Reproducibility;
. Stability;

. Linearity.
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Deviations of these components are caused by various
problems - wear standard or error in the standard, worn
components of the device, poorly designed device or
incorrect application, wrong measuring method or
calculation, incorrect calibration of the tool, environmental
impact, the tool is used inappropriately or incorrectly by
other operators. The obtained data are then suitable for
application and development of new processes that need to
be tested.

II. EXPERIMENTS

The test product is shown on fig. 1.

Fig.1. g8680x connector

Automatic production is done in several steps:
- Injection molded plastic body;

- Automatic assembly of metal terminals (CuSn6) in
the plastic body;

- Automatic 100% product control for functionality-
critical features;

- Automatic packaging in roll packaging (strap with
separate slots for each product).

In fig. 2. the automatic production line for conectors
assembly with the control stations is shown.

Fig. 2. The studied automatic production line



The critical controlled parameters of the g8680x
connector product are rendered on fig. 3.
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Fig. 3. Critical dimensions

The control stations are:

e 24 V — control for missing terminal, short or long
terminal on the interface side and distorted terminal
interface or PCB side — fig.3.(1),(3), (5), (6);

e pattern board - distorted terminal on the PCB side -
fig.3.(2), (5);

e pattern interface - distorted output on the interface
side — fig.3.(3), (4);

e 1000V — control for short circuit from inclusions and
contaminants using a tester AC/DC Withstand
Voltage / IR / GB.

Next is a packaging station, which is also a stamp for a
suitable product. Non-compliant products are automatically
separated in a special red box.

The control stations work on the principle of using
patterns and electrical measurements for the presence or
absence of contact and circuit.

ITII. RESULTS

The results and analysis were made for each type of
control using the MSA method by collecting and processing
data for analysis of the measuring system. For this purpose,
reference samples were used, which were pre-measured to
the appropriate dimensions with a precision measuring

instrument model CNC Quick Scope QS-250 - Mitutoyo.
The results were obtained using the software product
QSTATLAB, which has a built-in MSA method.

A. HEIGHT OF THE TERMINALS OF THE
INTERFACE

a) The height of the contact terminals is checked by
measuring a size of 7.6 £ 0.2 mm, which is shown in fig. 3
(1). The size tolerances are determined according to ISO
2768-m. This defect will result in improper connector
assembly during the next manufacturing operation. The
required reference standard samples of this station are OK
and NOK with different values close to the limit 7.4mm /
7.8mm. Tables 1, 2 and 3 show the measurement of
reference samples, with the help of which an R&R analysis
is made by qualitative characteristics - check for the presence
of short or long leads.

TABLE L.
OK sample
Pin1 Int 2 7.785 0.185
Pin3 Int 2 7.528 -0.072
Pin1 Int 1 7.616 0.016
Pin2 Int 1 7.547 -0.053
Pin5 Int 1 7.54 -0.06
Pin6 Int 1 7.547 -0.053
Pin7 Int 1 7.514 -0.086
Pin8 Int 1 7.487 -0.113
Pin9 Int 1 7.509 -0.091
TABLE 2.
NOK sample — short leads
Pin1 Int 2 7.601 0.001
Pin3 Int 2 7.542 -0.058
Pin1 Int 1 7.506 -0.094
Pin2 Int 1 7.479 -0.121
Pin5 Int 1 7.37 -0.23
Pin6 Int 1 7.427 -0.173
Pin7 Int 1 7.575 -0.025
Pin8 Int 1 7.425 -0.175
Pin9 Int 1 7.435 -0.165
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The R&R analysis was performed by checking with 20
samples - suitable and unsuitable for the respective indicator.
The "Sign" column records the result to be given by the
relevant sample during the inspection. The samples are
placed at the station five times and a result is reported. The
data are a total of 100. The result is shown in Table 4.

TABLE 4.

Fig. 4. NOK and OK samples
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samples, with the help of which R&R analysis is performed

by qualitative features - check for the presence of curved C. CURVED OUTPUT ON THE PCB SIDE

terminals on the interface site. . . .
A curved terminal on the PCB side is checked by

measuring a size of 0 + 0.6 / -Omm, which is shown in fig.
3.(2), (5).

Tables 7 and 8 show the measurement of reference
samples, with the help of which an R&R analysis is made by
qualitative features - check for the presence of curved
terminals of the site for the printed circuit board.
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D. 1000V LEAK TEST

The inspection was performed with 20 samples, which
are shown on fig. 5.

Fig. 5. Leak check samples at 1000 V

Table 11. shows R&R analysis by qualitative
characteristics - high voltage test - 1000V.
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