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Abstract. Optimum safety and reliability can be achieved by coordinating an interlaboratory proficiency
testing among different laboratories. Testing laboratories need to verify their test procedures and testing
capability for reliable results. In this study, equivalent samples are prepared by cellulose based transformed
board material used in transformers as electrical isolation material. Randomly selected test samples having
specified dimensions are sent to the participant laboratories. Then they are tested and results are analyzed
according to previously defined parameters. Each laboratory applied tensile and flexural tests on the
samples according to procedures given in IEC 60641-2, 2004 and IEC 60763-2, 2007 standards respectively.
Test results are evaluated according to same procedures explained in related standards by the participant
laboratories. TUBITAK UME Material Testing Laboratory being the pilot laboratory collected to the
all evaluated results including associated measurement uncertainties. Then the collected results evaluated
according to ISO 17043, 2010 are reported by each laboratory as a part of the proficiency test report.

Z-scores of the participant laboratories are presented.
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1 Introduction

In Turkey, there is an increasing demand for calibration
and certification work obliged by the establishment of cal-
ibration laboratories. These laboratories should obey the
rules of ISO 17025 [1] for their recognition by the customer
and increase the quality of their calibration and test ser-
vices. In order to give traceable service in testing and cal-
ibration area, National Accreditation System controls the
laboratories in all countries. TURKAK is the responsible
for the organization of accreditation system in Turkey.
Testing laboratories need to verify their own test
procedures and testing capability. This verification and
testing capability of the accredited laboratories can be
achieved by coordinating an interlaboratory proficiency
testing among different laboratories. An interlaboratory
proficiency testing is organized by the TUBITAK UME
to see the closeness and equivalency of the test results
among the participating laboratories. Test samples were
prepared in cellulose-based transformed board material
used in transformers as an electrical isolation material.
Each laboratory applied the tensile and flexural tests on
the test samples according to procedures given in TEC
60641-2, 2004 and IEC 60763-2, 2007 standards respec-
tively [2,3]. All participant laboratories have performed
the tests using their own test procedures and own test
equipments. Their equipments especially material testing
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machines were calibrated by an accredited laboratory in
Turkey. Test results were evaluated according to same pro-
cedures explained in related standards by the laboratories.
The values of measurements and the associated uncertain-
ties were calculated in accordance with international stan-
dards and procedures stated by each laboratory as a part
of the test report.

In this paper, the main results obtained during the
proficiency test are discussed; in particular an analysis was
applied to evaluate the differences in the mean values by
the different laboratories. The calculated Z-scores of the
test results for the participant laboratories are presented
and shown in graphs.

2 Technical protocol

First of all, the technical protocol was prepared and it
was sent to all participant laboratories. It includes the
preparation of the test samples, distribution of them to
the laboratories, time table for the tests, test reports and
test requirements [4].

2.1 Participant laboratories and timetable
Four different test laboratories have participated to this

proficiency testing in Turkey. All laboratories declared to
provide all special requirements of tensile and bending test
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Table 1. The machines used in the measurements and their
specifications.

Lab code Machine Specifications
A Zwick, 7250 model, 10 kN Pneumatic grips
force transducer were used
B Zwick, 7250 model, 30 kN Hydraulic grips
force transducer were used
C Instron, 3369 model, 50 kN Mechanical grips

force transducer were used
Shimadzu, AG-X 10 kN

model, 10 kN force transducer

Mechanical grips

were used

Fig. 1. Material testing machine of TUBITAK UME.

during measurements. Proficiency testing was started on
June 27.2011 and was completed on July 01.2011. All mea-
surements were completed according to time schedule de-
clared in technical protocol.

The test machines used in the measurements and their
specifications are given in Table 1.

2.2 Samples and test conditions

The test samples were prepared according to description
given in technical protocol. During the preparation of the
test samples in manufacturer, the proficiency test coordi-
nator has observed the all manufacturing and preparation
schedules of the test samples. The prepared samples were
numbered and packed with utmost care. Each packet was
preserved in the same conditions and it was transferred to
the laboratories.

Each laboratory tested them on its own test equip-
ments including material testing machine, calliper, and
micrometer and so on. The test machine of TUBITAK
UME is shown in Figures 1 and 2. All testing equipments
of the laboratories were calibrated by an accredited cali-
bration laboratory before starting of the proficiency tests.
The test conditions and parameters for the performed

Fig. 2. The photo during tests. Including sample, grips, ex-
tensometer and force transducer.

Table 2. Distribution ranges of tensile strengths (o) for the
participant laboratories.

Mean Standard Maximum Minimum Distribution

value deviation  value value range
(max-min)
Lab MPa
A 17281  3.96 178.69 164.15 14.54
B 177.89  4.04 185.41 171.57 13.84
C 173.90 4.09 179.51 165.64 13.87
D 166.66  3.39 171.39 161.17 10.22

tests were conditioned and prepared according to stan-
dards of IEC 60641-2 [2] and IEC 60763-2 [3].

3 Results

After completing the tests by each laboratory, the test re-
ports were sent to the pilot laboratory which is TUBITAK
UME Material Testing Laboratory. TUBITAK UME eval-
uated all test reports according to ISO 17043 standard [5].
In given figures and tables, each laboratory is represented
with a letter as A, B, C or D. The letter “A” represents
the test results of TUBITAK UME and it is taken as the
reference (pilot) laboratory. The test results and uncer-
tainties of the all laboratories are given in Figures 3-5.
Uncertainty calculation of test results of TUBITAK UME
is used the training document [6]. The mean values, stan-
dard deviations and distribution ranges of the laboratories
are given in Tables 2—4.
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Fig. 3. Tensile strength (o) and uncertainty values for the
tensile test of the participant laboratories.

Table 3. Distribution ranges of tensile strains () for the par-
ticipant laboratories.

Mean Standard Maximum Minimum Distribution

value deviation value value range
(max-min)
Lab %
A 424 0.09 4.35 4.09 0.26
B 412 0.08 4.23 3.99 0.24
C 531 0.13 5.47 5.11 0.35
D 479 0.13 4.96 4.59 0.36

Table 4. Distribution ranges of flexural strengths (o) for the
participant laboratories.

Mean Standard Maximum Minimum Distribution

value deviation value value range
ik Tensile Strain (€) (max-min)
i S e = e S Lab MPa
' I c A 150.84 2.24 153.37 148.06 5.31
Rk B 14888  3.53 153.95 145.81 8.14
5.0 C 146.80 1.70 148.64 144.77 3.87
S48 o D 144.87 5.07 152.17 138.72 13.45
2ap
4 ;% Table 5. Calculated Z-score parameters.
:‘i is Lab. oy 15 of
3Y3 A 0.00 —0.68 1.16
| 2 B 1.09 —0.91 0.40
%8 Lab. C 0.23 1.27 —0.41
D —1.32 0.32 —-1.15

Fig. 4. Tensile strain (¢) and uncertainty values for tensile test
of the participant laboratories.
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Fig. 5. Flexural strength (o) and uncertainty values for flex-
ural testing of the participant laboratories.

The mean tensile strength values were scattered 11.23
MPa in Table 2. In addition, the average distribution
range of each laboratory was determined 13.12 MPa.

In Table 3, the average distribution range of tensile
elongation was founded as 0.30%.

The amount of the scattering in the mean flexural
strength was founded as 6 MPa. At the same time, the av-
erage distribution range of each laboratory was observed
as 7.69 MPa in Table 4.

The test reports of the all participant laboratories were
sent to the TUBITAK UME then resulted proficiency test
report was prepared as well. The test results of the par-

ticipating laboratories were evaluated in according to ISO
17043 standard [5,7].

Z-score is taken as assessment method of the evalu-
ated results. The Z-score is calculated according to below
equation:

r—X
o

z =

where

— X: the assigned value;
— x: the participant’s result;
— o: the standard deviation of test results.

Criteria for performance evaluation should be established
after taking into account whether the performance mea-
sure involves certain features. The features of Z-scores for
performance evaluation are the following:

— |z] € 2 indicates “satisfactory” performance and gen-
erates no signal;

— 2 < |z| < 3 indicates “questionable” performance and
generates a warning signal;

— |z| = 3 indicates “unsatisfactory” performance and
generates an action signal.

Tensile strengths (o¢), tensile strains (¢) and flexural
strengths (o) for the participated laboratories are given
in Table 5 for the calculation of Z-scores [4,8]. The evalu-
ations of the Z-scores are also given in Table 6.
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Table 6. Evaluated Z-scores.

2] <2 2< ]z <3 lz] > 3
Z-score
The number % The number % The number %
of Lab. of Lab. of Lab.
ot 4 100
€ 4 100
o 4 100

4 Conclusions

Four (4) different laboratories have participated to the
interlaboratory proficiency testing for tensile and flexu-
ral tests for cellulose based transformed board material.
TUBITAK UME Material testing laboratory has orga-
nized to this proficiency testing in 2011.

Initially, technical protocol and test samples were pre-
pared and sent to the participant laboratories. Test mea-
surements carried out in accordance with timetable given
in technical protocol. After each laboratory completed all
tests, the test reports were sent to TUBITAK UME. All
test reports were evaluated by TUBITAK UME according
to ISO 17043 standard.

In tensile strength, tensile elongation and flexural
strength, the assessment method of Z-score for all labo-
ratories is determined as “success”.

In order to verify testing capability of the test labo-
ratories, the proficiency tests are very important for as-
sessment of the tensile and bending test measurement
capabilities of all laboratories and it should be repeated
periodically.
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