[Research Paper] th 3245 - 2| £8+8] 4] (Korean J. Met. Mater.), Vol. 58, No. 8 (2020) pp.522-532
DOI: 10.3365/KIMM.2020.58.8.522

o= A Brd By Z O3 S = 3%
FAA) FhollLIA] Aol FAS BET 2§17 Hol &% F7}
O[ENZ "2 - BA{EI2 * - ZZ0I2 - ZRIE2 - HRYLA "
1ok Sk 4127 28l
A A7 A 7|

Evaluation of Transition Temperature in Reactor Pressure Vessel Steels
using the Fracture Energy Transition Curve from a Small Punch Test
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Abstract: The small punch (SP) test is one of the small specimen test techniques, and standardization of the
SP test method for evaluating the mechanical properties of metallic materials is in progress. In this study, the
impact transition temperature of reactor pressure vessel steels (RPV) in nuclear power plants was estimated
using the draft standard SP test method. The SP fracture energy (Egp) and normalized SP fracture energy (Exgp)
of the RPV steels were evaluated at various temperatures, and their transition curves were derived and
compared to the transition curve in the Charpy V notch (CVN) test. The SP transition region appeared at a much
lower temperature range than that of the CVN owing to the size and notch effect. Ductile brittle transition
temperature (DBTT) in the SP transition curve showed a linear relationship with DBTT and Ty;; in the CVN
transition curve. The ductile to brittle transition behaviors of SP specimens were analyzed using fractographs
and compared with the transition curves in Egp and Engp. Exgp started to decrease at the temperature at which
the SP ductile to brittle transition behavior occurred, and this means that the Exgp transition curves were in
good agreement with transition behavior in the SP test. However, the Egp transition curves did not match
transition behavior. Using DBTT in the Exgp transition curve is appropriate to estimate the CVNpgrr and Tyyy.
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Fig. 2. SP force-displacement curves tested at various temperatures: (a) Al (b) A2 (c) A3 (d) A4 (e) A5 (f) A6 (g) A7, and (h) A8
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Fig. 3. SP transition curves obtained from the SP fracture energy (Esp): (2) Al (b) A2 (c) A3 (d) A4 (e) AS (f) A6 (g) A7, and (h) A8
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Table 1. Linear correlation between CVN DBTT and specific points
in SP fracture energy (Esp) transition curve

Tsp = a - CVNpprr [K]

Egp Empirical constant ~ CocHicient of
determination
() a ni
DBTT 0.3369 0532
0.7 0.2431 0262
0.8 0.2672 0313
0.9 0.2884 0.365
1.0 0.3076 0412
1.1 0.3239 0451
12 0.3390 0.488
13 0.3530 0518
1.4 0.3657 0,531
1.5 0.3773 0.545
1.6 0.3883 0.546
17 0.3984 0532
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Table 2. Linear correlation between CVN DBTT and specific points
in normalized SP fracture energy (Eysp) transition curve

Tsp = CVNpgrr [K]

Coefficient of

Exsp Empirical constant

(mI/N) o detem]lénatlon
DBTT 0.3678 0.730
0.3 0.2304 0.440
04 0.2743 0.525
0.45 0.2933 0.550
0.5 0.3104 0.571
0.55 0.3272 0.588
0.6 0.3430 0.605
0.7 0.3745 0.611
0.8 0.4062 0.608
UEGA 2 EygpE 0=03791 R? 2 0.732% el
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Fig. 7. Correlation between index temperatures Ty;; obtained from
the Charpy impact transition curves and SP transition curves: (a)
ESPiDBTT and (b) ENSPiDBTT
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Table 3. Linear correlation between CVN Ty and specific points in
SP fracture energy (Egp) transition curve

Tep=a- CVN;, K]

Egp Empirical constant Coefﬁc.lent. of
determination
Q) a R
DBTT 0.3834 0.682
0.7 0.2778 0.359
0.8 0.3050 0.424
0.9 0.3290 0.490
1.0 0.3506 0.550
1.1 0.3690 0.600
1.2 0.3860 0.640
1.3 0.4000 0.675
1.4 0.4161 0.690
1.5 0.4291 0.698
1.6 0.4415 0.688
1.7 0.4529 0.663

Table 4. Linear correlation between CVN T,,; and specific points in
normalized SP fracture energy (Exsp) transition curve

T =a- CVN;, K]

. Coefficient of
Ensp Empirical constant determination
(mJ/N) o R
DBTT 0.418 0.861
0.3 0.2624 0.600
0.4 0.3122 0.706
0.45 0.3338 0.738
0.5 0.3531 0.762
0.55 0.3721 0.777
0.6 0.3901 0.789
0.7 0.4259 0.791
0.8 0.4617 0.769
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Fig. 8. Crack images and fracture surfaces of A5 SP specimen
fractured at various temperatures: (a) -80°C, (b) -100°C, (c) -140°C,
and (d) -160°C
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