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Tab. 1 Correration equation of CVN test data and fracture toughness K¢

RHH Py T F A3 B (CVN ffig ) 27 Wk
Barson-Rolfe K =0. 22(CVN)** 3~82 ] [14]
Sailors-Cortens Kie=14. 6(CVN)'? 7~68 ] [14]
Thorby-Ferguson Kic=18.2(CVN) " 6~55 ] [14]
Marandet-Sanz Kie =20(CVN) 2 R R A [14]
Begley-Logsdon Kic 1.=0.093a,2 T TE B [13]
Jones Kic =6600/60(T-FATT) RER A [15]

* 2 W B OCBR A

Tab. 2 Correlation of the fracture toughness

o o CVN FATT SPTT Kic A5 T i HHEAREIN K
(GOD) O (MPa + m"?) SPTT(C) (MPa * m'?)
1 e 125 —133 35.8 120. 3 42.5
3 TR 150 —120 30 153.2 35.1
12 T 100 —145 49 89. 8 52.8
1 ot B 100 —148 57 82.2 56. 3
3 T B 110 —135 55.5 115. 2 43.9
12 i e 100 —145 49 89. 8 52.83
3| Filefk 145 —125 52 140. 6 37.6
12| Filetk 95 —132 53 122. 8 41.8




% 6 T YE A AR B A BRI R 22 S 8O R T ik SRk 549

2.2 HNERMEMEREHEHRTEHEE AN

Mao T4 il HT-9 45 5 FiopFRHHEAT T/ AT 1R bPRHE R T 10 J1 = HERE S T 36 3 6 i il oy
10mm X 10mm BJIETFIE SR 0. Smm, R E I T BR A /N LR 2. 0omm, wh TR AN ER B A2 N
2. 4mm, 2 3 P T o B AR e iyt

T BTN R AT SR B AR T il B S AT — /N s AT GE SR e — R (P— w) i 2R SRS
— U APE AT /N T X — A A 25 A P I R A — (52 3% il 2 b B0 S ] 484 N 2D 28R 7
1 AR T U Bk 2 2R B R T A TR A Mk X XA [ DX A AR R S A 4 fih X
(.

3 FRTAFEMERE (T o i B A ROR I E D

Tab.3 Mechanics Behaviour at room temperature( J ¢ is determinated by single Specimen technique

Rk o, (MPa) o, (MPa) Jie(k] »m )
HT-9 725 896 60
9CR — 666 325
A533B 495 620 219
A508 450 590 275
Cu-Be-Co 600 800 22

AR ABATIE A 2% WA i 72 A R BE ¢, IR R ¢/ 60 B w/ v BCHE AT TRDA 4
GIREEEIE I UK Ee 27N v
t/ty = expl— alw/ )" ] (8
oo A SRR R A6 J5E B A A CER R BB B /N AL AR 5 ¢ F <o Sy 256 T 0 614 JEE 88 R O AL
B85 a=0. 15, Jg A 4fa 52 560 K4 1] U9 23 A T 1) 2800
51 Chakrabarlhy™" 4 H i W 5 38 S T3 SR 3000 25 e

e = olw/ ¥ 9
BT W 28 78 TR T ZL 0 AL FS e 28R i A 10 258 305 D 28 107 A, U A
e, = al W,/ DY? (10)

b O AR AR ) A A S RN M B A A T AR Y L T LARTAR 2P e i . Mao S5 2 43 M vk 19 S5 S50 A8
45 T 2005 T AR A A RON AR HEAT T LA R AR ) A A A AE Y — 3
M Bayoumi 25801 B 5% . 76 100 AR 250, 508 1k X0 KT S0 T oo R SN SN AR e G R
INESE
Jie = Ce,+C, (11)
Kt C G SR RE Ty 27 P RE R GULES #4 A DG I 240,
Mao S AR 4 /1N b AT 38096 45 S Al 05 20 B 75 B 4t e R 5K

Jic = ke.— Jo (12)
Hrp
k= 280 k]/m*, J, = 50 kJ/m? (13)
Mao S22 5 FH /N o A3 90 AT 9 52 i RO 4k 32 O B0 A 8 403 I e e P 3R 2 20k 43 B A L RS
14 W 24

T BRSBTS R R T SR BE AR A5 . Mao SN U E AR 3. 0mm, JEJE K 0. 25mm Y
SN A AT T AR ) N AT R S L R R S B R TS S B CTEMD K H Y . B A
R R SUS316, PCA Fl HT-60 —Ff Ak, 150 2 B, 33k i o /I (4 3 44 e 1 /0 P A 3 0 ok il 4
AR 58 B ERE AT LI T e A5 B0 SE AL 20 AR R A5 (9) MR BUE A AN

e = B W/ D? (14)
B 2 i 2 L2 AT L) S5 h



550 ;K (2009 4F) 55 24 %%

B=0.09, k= 345k]/m*, J, = 113k]/m” (15)
Kameda 1 Mao ™ 7£ BF 55 & 55 6 b4 Rk 77 2 BE 1945 493w SR A T8 ST 38 140 79 AN [) /N 1) 3 A 0 4 7
TN R S — ROk SPAE, B T FARCE TD K, RS R R, ERN A e Fl w/t Z [0
6 EE R CLOAP SR WEAT » R 48 BB AT S8 AN ]
e= alw/D"™ (16)
R S E AR LA 15 8] «=0. 12, TD A58 09 0 BbE L SD A K. Wrad 8 v Je i 45
Jie = 345¢,— 113 (kJ/m?*) an
LA G T R RS PR R W M T B . B — I T2 TR B R (CT i
0. ATLLAE W5 — AR N o AT IR 8 A T Y T o (5 2 L B B Al g I A A EAIR 206 ~25%
FA TR RO W T e BRI
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Fig. 9 Miniature dumb-bell specimen (a)Dimension of specimen, (b) Finite element mesh
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Tab. 6 Comparison of ANN predicted fracture toughness values with the experimental values
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LC steel 0.302 218 217.5 0.23
MC steel 0.214 168 166.8 0.71
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An Overview of Methods for Material Fracture
Parameter Measurement of in-Service Equipments

—The Advance of Small Punch in Experimental Mechanics 11

DING Ke-qin*, WU Yong-li®
(1. China Special Equipment Inspection & Research Institute, AQSIQ,Beijing 100013, China;
2. Institute of Mechanics, CAS, Beijing 100080, China)

Abstract: Over the past 20 years, small punch experimental technology for testing miniaturized
specimens has been developed to evaluate the mechanical properties of materials in service. Although
there is no standard for test specimens, but disc specimens with 3~10mm diameter and 0. 1~0. 5mm
thickness are commonly used in practice. It has been used to determinate the elastic modulus, yield
strength, plastic properties, tensile strength, ductile-brittle transition temperature, fracture
roughness, creep properties, and micro-mechanical material parameters describing plastic hardening
and ductile damage and edurance strength so on. It is convenience for sampling and nearly non-
destructive, so is very suitable for the situations where conventional sampling is impossible or
uneconomic, therefore, attracts attention from academia and industry. An overview of state of the art
about empirical and computational methods for determining the ductile-brittle transition temperature,
fracture toughness and shift temperature of master curve from measured data of small punch test is
presented in this article.

Keywords: small punch test; fracture toughness; ductile-brittle transition temperature; master curve;

material mechanical properties



