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APLIKACIA SKUSKY TYPU SMALL PUNCH TEST
PRI HODNOTENI DEGRADACIE VLASTNOSTI MATERIALOV

TLAKOVEJ NADOBY REAKTORA

A SMALL PUNCH TEST METHOD APPLICATION FOR THE EVALUATION OF REACTOR
PRESSURE VESSEL MATERIAL PROPERTIES DEGRADATION

Prispevok popisuje stanovovanie zdkladnych mechanickych vlastnosti materidlov tlakovej nddoby reaktora (TNR) pomocou skiisky typu ,small
punch test”. Najvicsou vyhodou skiisok tohto typu sit malé rozmery vzoriek, a teda nizka spotreba casto origindlneho skusobného materidlu.
Pouzitim skiisky small punch test méZeme stanovit nasledovné hodnoty zdkladnych mechanickych vlastnosti:

o medza klzu a medza pevnosti v tahu,
« prechodova teplota vrubovej hiizevnatosti,
o lomovd hiiZevnatost.

Tito metodika skiisania je siicastou Nového programu overovacich vzoriek, koordinovaného VUJE Trnava, a. s. Program sa zaoberd hod-
notenim viastnosti materidlov TNR jadrovej elektrdarne starsieho typu V-1 v Jaslovskych Bohuniciach. V prispevku je popisand metodika vyhod-
nocovania vysledkov, metalografickd priprava malych vzoriek, a aj porovnanie vysledkov skiisky small punch test s vysledkami standardnych

skusok mechanickych vlastnosti.

In this paper we describe a new non-standard method for estimation of the reactor pressure vessel (RPV) materials mechanical properties
by a small punch (SP) test. The great advantage of the SP test method is a low volume of test samples.
Using this method it is possible to obtain the following data of basic mechanical properties:

o the yield stress and ultimate tensile strength,
« ductile-brittle transition temperature,
o the fracture toughness value.

This method has been involved in the VUJE project “New Surveillance Specimen Program for Jaslovské Bohunice V-1 nuclear power plant
(NPP)” (NSSP). This paper describes the basic information about a testing procedure, metallographic preparation of test samples and
comparison between results from standard tests and this new testing method.

1. Introduction

Presently, there has been a number of investigations on the
evaluation of mechanical properties of various alloys using the
small punch test method [1-3, 6].

Small punch testing methods are very popular now due to the:

« low consumption of the original testing material,

« relatively simple evaluation,

« possibility of using universal and cheap testing machines,

« uniformity of specimen for the several type of testing procedures.

However, the details of the method employed by individual
research teams have differed somewhat from one to the other
according to:

« specimen size and shape,
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« punching tool (ball or rod),
« configuration of testing holder,
« number of specimen for one type of material, etc.

Most of research teams used this method for mechanical prop-
erties of metallic materials evaluation, but relatively few investiga-
tions have dealt with irradiated specimen [6].

Various standard tests are available for the determination of
mechanical properties such as tensile strength, ductile-brittle tran-
sition temperature and fracture toughness, which are required for
the structural integrity assessment of NPP components. In order
to study irradiation damage, small samples are required because
there are limitations on a sample size in irradiated material testing
evaluation. SP samples have a great advantage in reducing the
radioactivity of the irradiated materials for their small volume.
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The SP procedure has also advantage for the determination of
material properties, which are highly dependent on the local
microstructure (e.g. heat affected zone).

2. Basic information on a small punch test method
2.1 Outline of the test

Figure 1 shows the set up for the small punch test. The prin-
ciple of our testing procedure is penetration of the disk sample by
hemispheric rod [5]. Disk shaped sample has 8 mm in diameter
and 0.5 mm in thickness (Figure 2). The specimen holder consists
of a lower and upper die and holder body. Using this specimen
holder, the specimens are prevented from cupping upward during
punching and therefore, the plastic deformation is concentrated in
the region below the punch rod. Using a relatively simple system
with recorders of the load and deflection values, we can obtain the
following data of basic mechanical properties:
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Fig. 1. The set up for the SP test procedure
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Fig. 2. The SP sample dimensions
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a) The yield stress and ultimate tensile strength at room temper-
ature, which are correlated well with the parameters P, and
P, respectively. P, and P, are the loads corresponding to
the yield and maximum strength of testing material.

b) Ductile-brittle transition temperature (DBTT) measured by
a Charpy test can be predicted from the results of temperature
dependence of small punch energy (SP energy) determined
from the area under the load - deflection curve.

c) Fracture toughness J;- can be evaluated using equivalent frac-
ture strain £,

2.2 Apparatus

The testing is performed on a universal test machine INOVA
TSM 10, equipped with load recorder, crosshead speed recorder,
and data recorder for registration of load-deflection curves. Special
fixture is used for the fixing of specimen and realization of SP test.
For the low-temperature test, special temperature chamber cooled
with liquid nitrogen vapor or liquid nitrogen is used[8].

2.3 Evaluation method of the base mechanical
properties

2.3.1 Tensile properties

A typical load-deflection curve is shown in the figure 3. The
loading force P at initial localized plastic strain is P, and load
maximum, P, can be related to the yield strength and the ulti-
mate tensile strength, respectively. The empirical linear relation-
ships can be expressed by equation:

Ty max = kP, o + 4 0
where k, g are constants obtained from comparing small punch

results and results from the standard tensile test on the reference
material.
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Fig. 3. Typical load-deflection SP curve for 15Ch2MFA material
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2.3.2 SP Energy and SP ductile-brittle transition
temperature (SPDBTT)

SP energy is estimated from the area under the load-deflec-
tion curve up to the fracture load or maximum deflection. Numer-
ical integration method is used for the estimation. SPDBTT is
defined by temperature at the energy level

SPDBTT = (SPmax + SPmm)/2 (2)
where SP,,. and SP,,,, are energies at the upper and lower shelves,

respectively. SP energy was analytically related with the ductile-
brittle transition behavior by several authors. SPDBTT is approx-
imately linear correlated with DBTT measured by a Charpy test
using formula:

TTp = o . DBTT 3)

where « is correlation coefficient [6].

2.3.3 Fracture toughness

According to Mao et al. [3] §*/¢, is related to the equivalent
fracture strain ng by equation:

£y = In (1/1%) = B (8*/1,)° )

where 7* is the minimum thickness at the fracture portion and £,
is initial thickness of specimen, B is a constant, and 6* is the
maximum deflection at fracture. J;- can be estimated by a corre-
lation between €, and J; obtained for testing material.

3. Application of the small punch test for NSSP
3.1 Materials

The experimental materials were base material, weld metal and
heat affected zone of the RPV 15Ch2MFA steel. From this type
of material we prepared samples, which hat been irradiated in
power reactor in Jaslovské Bohunice V-2 NPP unit 3 [4, 9].

3.2 Sample preparation

The testing results are extremely depended on the quality of
specimen preparation. Samples are polished by one of the follow-
ing methods:

« manually polish on the polishing papers for final thickness,
« grinding on the horizontal machine and then manually polish
on the papers.

We have tested a new effective polishing method of the SP
sample preparation, using the metallographic polishing machine
on the special abrasive disks, which is illustrated on the figure 4.
Three special holders are used for the fixation of four samples in
each holder.

Fig. 4. Metallographic polishing machine with special holders

3.3 Testing conditions

Yield strength and ultimate tensile strength are evaluated by
ambient temperature. The fixing torque is less than 5 Nm.
Crosshead speed was 2 mm/min. For the evaluation of the ductile-
brittle temperature, we used special cooling chamber. Testing was
performed in the range temperatures from 77 K to ambient tem-
perature. Temperature precision is controlled by system of the
three thermocouples. Crosshead speed was higher (3 mm/min)
than for tensile testing to achieve the constant temperature during
the single test. For the evaluation of the fracture toughness value,
we used cross section measurement of the sample after the pene-
tration. Fracture thickness portion and initial thickness of speci-
men were measured by image analyzer procedures.

3.4 Correlations and examples of the initial state
RPYV materials results for NSSP

Correlations of SP parameters with the tensile properties for
the base material and weld metal are described in Ref. [6]. Both
SP and standard tests were done at room temperature. P, and P,
correlate well with yield strength and ultimate tensile strength,
respectively.

Table 1 summarizes the results from SP test for tensile proper-
ties estimation.

SP results for estimation of the tensile properties Table 1
for the 15Ch2MFA steel
Material | P, | P, | R, | R | R} | R*
[N] | [N] | [MPa]| [MPa] | [MPa] | [MPa]

1274 316 657 512 641 525
1298 318 602 479 589 467
1328 330 685 540 - -

base material

weld metal
HAZ

* average results from standard tests
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Example of the temperature dependence of SP energy for the | Transition temperatures for materials from NSSP Table 2
base metal RPV is shown on the figure 5. In this case, SPDBTT is Matorial CharpyV oot SP tont
defined as the temperature corresponding to the middle energy
between the energy at the intersection of the two fitting curves TTkcvso TTpny TTyp TTsp
and energy at 50 K. [°C] ['C] [°C] [*C]

BM —43 —16 - —15.2
WM -15.4 -12.9 1.2 —15.5
2500 HAZ - - - -35.2
E' 2000 -
Z Value of €, was calculated using equations from chapter 2.3
5 1500 4 using both formulas. For the weld metal RPV, J; obtained from
2 standard test versus Eg,» calculated from these equations is plotted
; 1000 - in figure 6. This curve will be used for evaluation of the J,. shift
‘3 after irradiation in the NSSP [3]. Table 3 summarized fracture
S 500 - toughness values measured on ambient temperatures by standard
* test on the COD samples and by small punch test.
0 ¢ ¢ ¢ ¢
50 100 150 200 250 300 Fracture toughness values measured on ambient Table 3
Temperature [K] temperatures for NSSP materials
Fig. 5. Temperature dependence of the SP energy for 15Ch2MFA Material J[I&SI‘)‘*;.‘;I‘“‘E IC/(Z’]D [M;::‘I;P,T 2
BM - 369
_. 200 WM 179 163
= 180 1 HAZ - 306
s 160 4
£ 140 -
§ 120 A
£ 100 1 4. Conclusions
%’ 80 -
P 60 1 From the experiments follow these main conclusions:
2 40 4 « SP test methods are suitable for basic mechanical parameters like
E 20 ~ tensile properties, evaluation of DBTT or fracture toughness.
0 j j j j j « The great advantage of SP test methods is a low consumption
0.4 0.6 0.8 1 1.2 1.4 1.6 of experimental material and possibility to use this method for
SP equivalent fracture strain irradiation experiments in power reactors.
« Geometry of specimen is convenient for properties evaluation

Fig. 6. Correlation between J;c and &, for the weld metal RPV of the heat-affected zone.

Transition temperatures from standard Charpy-V tests and Main goal for the future is to standardize SP method for
small punch tests are summarized in the table 2. industrial applications.

5. References

[1] CORWIN, W. R., HAGGAG, F. M,, SERVER, W. L., EDS.: Small Specimen Test Techniques Applied to Nuclear Reactor Vessel
Thermal Annealing and Plant Life Extension, ASTM STP 1204, Philadelphia, 1993

[2] CORWIN, W. R., ROSINSKI, S. T., E. VAN WALLE, EDs.: Small Specimen Test Techniques, ASTM STP 1329, West Conshohoc-
ken, 1997

[3] MAO, X., SHOIJI, S.,TAKAHASHI, H.: “Charakterization of Fracture Behaviour for Small Punch Test by Combined Recrystalization
Etch Method and Rigid Plastic Analysis”, Journal of Testing and Evaluation, JTEVA, Vol. 15 No.1, 1987, pp.30-37,

[4] KUPCA, L., PROVAZNIK, J.: “Preparation of the Experimental Material for NSSP Project Realization”, Round Robin Exercise on
WWER-440 Weld Metal Irradiation Embrittlement, Annealing and Reembrittlement, Technical Report of VUIJE Trnava a.s. No.
0360/43/99, 30.11.1999

[5] VACLAVKOVA, J., KARASEK, J.: “Experimental Evaluation of the Reference Curve for Yield Stress and Ultimate Tensile Strength Esti-
mation of the 15Ch2MFA Steel by Small Punch Test”, Technical report No. T14/2000 Vitkovice, Jun 2000. (in Slovak)

KOMUNIKACIE / COMMUNICATIONS 4/2001 =« 29



KOMNICCe

C O M M UNICATI ON:S

[6] VACLAVKOVA, J., KUPCA, ., BREZINA, M.: Small punch test method application for the estimation of the material properties
degradation, CO-MAT-TECH 2000, Trnava 2000.

[7] BAIK, J. M., KAMEDA, J., BUCK, O.: “Development of Small Punch Tests for Ductile-Brittle Transition Temperature Measurement of
Temper Embrittled Ni-Cr Steels”, The Use of Small-Scale Specimen for Testing Irradiated Materials, ASTM STP 888, W.R.Corwin,
G.E.Lucas, Eds., American Society for Testing and Materials, Phil., 1986, pp.92-111.

[8] SOJKA, J., BALON, O., PANNA, J.: “Zarizeni pro hodnoceni mechanickych vlastnosti malych vzorkii pomoci penetracnich testii za nor-
madlni teploty a za snizenych teplot” (Popis a navod k obsluze), Vitkovice a.s., Ostrava 1998.

[9] TAEA: TC Project RER/9/035 ,,Round - Robin exercise on WWER-440 RPV weld metal irradiation, embrittlement, annealing and re-
embrittlement”, Vienna, Austria, Nov. 1996.

RIESENIE
KRIZOVYCH SITUACII 2002

Fakulta $pecialneho inZinierstva Zilinskej univerzity v spolupraci
s Ministerstvom hospodarstva Slovenskej republiky organizuje v diioch
22. a 23. méja 2002 VII. medzindrodnii vedeckii konferenciu Riesenie kri-
zowyeh situdcii v Specifickom prostredi

Konferencia sa bude rokovat na plenarnom zasadnuti a v §tyroch
sekciach:
Sekcia ¢. 1: Krizové riadenie a krizové planovanie
Sekcia €. 2: Poziarna ochrana a zachranné sluzby
Sekcia ¢. 3: Bezpec¢nostny manazment - ochrana osdb a majetku
Sekcia €. 4: Ludsky Cinitel' v krizovom riadeni

Konferencia sa uskutoéni v priestoroch Zilinskej univerzity.

Vsetkych zaujemcov srdeCne pozyvame.

CRISES SITUATIONS
SOLUTION 2002

The Faculty of Special Engineering of the University of Zilina in
cooperation with the Ministry of Economy of the Slovak Republic is
organizing from 22 to 23 May, 2002 the Seventh International Scientific
Conference devoted to Crises situations solution in specific environment.

The conference will proceed in plenary session and in these four
sections:
Section No. 1: Crisis management, crisis planning
Section No. 2: Fire prevention and safeguarding services
Section No. 3: Security management - people and property protection
Section No. 4 : Human factor in crisis management

The conference will be held at the University of Zilina.

All interested are cordially invited.

Sekretariat konferencie:
Fakulta §pecialneho inZinierstva Zilinskej univerzity v Ziline

Secretary of the conference:
The Faculty of Special Engineering of University of Zilina, Slovakia,

Ing. Ladislav Novak, PhD.
Ul. 1. maja 32, B-27, SK-010 26 Zilina, Slovakia, Tel.: ++421-41-7633320, ex. 242, 244, Fax: ++421-41-7234972,
E-mail: novak@fsi.utc.sk, www.utc.sk/fsi/

30 « KOMUNIKACIE / COMMUNICATIONS 4/2001




