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Abstract

This paper was undertaken to develop the fracture toughness testing method using small and

single specimen compared to the conventional method in evaluating elastic- plastic fracture

toughness of the superconducting magnet structural material at cryogenic temperature. The

elastic-plastic fracture toughness test was conducted by using the unloading compliance method
recommended by ASTM E813-89 to accomplish the above purpose. And, the 20% side-grooved 0.
5TCT and 1TCT specimens were used to evaluate the fracture toughness by using as possible as

miniaturized CT specimen. The unloading compliance metod was a very useful method in

evaluating elastic-plastic fracture toughness at cryogenic temperature. It could be taken valid

fracture toughness values by using 20% side-grooved 0.5TCT specimen recommended by ASTM

E813-89.

LA B

A AAlE Aol olya 2e] satelzhs
717k v Ee] A ovixle A AT
Ant nl 4832 gslel Furgt AFE Adstn
Qeb® alggte wAslEe Tl oy st

" z2AE vhaded o st A7HE o

£35l7] o, AL wiadlEe] FEPAE B
Ank w FALslAE S48 AR 44e F

X s ofah e}, @

FA& ool A ARgElE Al slof b T8

"84, Asolsta 713 ey

g AR AAZY s kel @A =
e FrAget 22 A4 zaly e shFd4y
AE e el st ddste] 7]z23% ASTM E813-81
TFAel FAsk P ASEeE @Y o] AlFEHZ ¥

s oge] AR o §W ohieh $44¥
Ao Mo ab7] WFol Az Y mobl HA
B gies das as, debd, ofF e
A 4 Q= A7 - AR Sdeld $43
Agne e FAes Fahasl AU o W
o) AflelA Fal Fad $AE s=w ol
@aAA FAE AR AL XY

g A5 2A 7 rkAE 7 4 doh A
A= wrd A el og shql
& o Fole}, Takahashi 53 A &% wtd



A

FaAws] 93047 bol #a AT 65

Table 1 Chemical compositions of HN1 forged plate (wt%).

Material C Si Mn P S Ni Cr Al N
Forged plate 0.040 0.97 3.88 0.022 0.001 15.07 24.32 0.023 0.32
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Fig. 2 Cryostat for fracture toughness test.
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Fig. 3 Typical stress-strain curves of the HN1 B.M
tested at 77 K and 4.2 K.

Table 2 Mechanical properties of HN 1 forged plate tested at 77 K and 4.2 K.

77K 42 K
Material Oy.s Ots Elongation Reduction Ovs Ous Elongation Reduction
(MPa) | (MPa) (%) of area(%) | (MPa) | (MPa) (%) of area (%)
HN1 B. M 843 1395 52 1349 1690 31 42

Here, oy and o.s are yield strength and ultimate strength, respectively.
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Table 3 Crack extension, crack aspect ratio ¢ and crack size obtained from 0.5TCT and 1TCT
specimen for HN 1 base metal tested at 77 K and 4.2 K.

Crack extension{mm) Crack Crack size
\ Predicted | Averaged aspect (8- Auve) /@uve
i re BAY: ave ave 3 .
Temp Jtore Haue (dap ave) /da ratio ¢ (i=1~9)
0.5TCT 1.35 1.156 16.7% 0.0656 —17.4~16.1%
77T K Lot
ITCT - 0.8860 0.0146 —21.7~11.2%
) K 0.5TCT 2.187 2.166 0.96% ’ (.0381 —13.85~5.3%
4.2
1TCT 4.349 3.817 —13.9% <—T(040777 —17.6~26.6%
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