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Evaluation of Impact Characteristics
for High Strength Structural Steel at Low Temperature

J. H. Kim* - D. H. Kim* - H. S. Kim*. S. S Cho * - B. H. Jeon** - I O. Shim***

ABSTRACT

Impact tests are performed on the high strength structural steel that is being developed for the
submarine material. Especially, the impact characteristics of this structural steels at low temperatures are
investigated by charpy impact testing. Hyperbolic tangent curve fitting method is used to evaluate the
LSE(lower shelf energy), USE(upper shelf energy) and DBTT(ductile-brittle transition temperature).
Proportional equations between charpy impact energy and lateral expansion are obtained using the test

results. Effect of temperature on the fracture appearance is investigated by using SEM.
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Table 1 Chemical compositions of PFS steel

(Wt.%)

C | Si |Mn| P [Cu| Ni|Cr Mol| Nb
0.05410.202|0.5(0.006|1.32| 3.48 |0.58|0.48|0.036
Table 2 Mechanical properties for PFS steel

tempered at various temperatures

Temper |Young‘s| Yield |Tensile .

Elongation
temperature | modulus | strength | strength | %)
(C) | GPa) | (MPa) | (MPa) °
450 218.57 | 942.65 | 981.26 13.08
550 242.51 | 858.14 | 895.51 14.06
650 241.50 | 814.91 | 858.47 14.00




Hs#H R3S, 2001. 9 U= FESUL N2 FSHEN FHIL 3
AEFAUR(Eew) A5 2 Lx-FAPF A%

, LA g HojFm gtk Fig. 2914 ¥ & A%l £

— ‘ ' S-Eow AE Ze ex-yuyy Myel Hol

Fig. 1 Shape and dimensions of charpy impact
specimen

2.2 Al vy

AY exe 41 JH9 2=-FFFF
YHAl(Ecw) ARE d7] 93t 90T, 60T, 4
0C, RT, 0, -10C, -18C, -20C, -40C, -51C,
-60°C, -80°C, -85T, -100C, -120C, -140T, -15
0C, -196C9] 222 AlY Hr}stdrh

FAANFA AHEF AlF71E SatecAle] AFd]
%2 A9 7](charpy impact tester)o]th. AP H
ek g AAH AL 20mmol 1, He F
AW Z2 2mmo|t}. 400.6]¢] §Fo2 FAHE
7Vstg o, BlAL£E E 5.18m/seco] th

Algexg 2437 93l AH8d gz
(bath)ye L2837 A28oT FE3}o
Arct 128 Fexe YWAH AdHE
o AlPerE I3t Fexd 4
FAMA A Aol e B(FE~98T)S
AREEER AL, A olElME LR E(FE~-6

0C) Fv o}oj4HlEg(-60T ~-160C)S A+&3}

30
l‘%‘\:‘

Aok -196TC 2= Ve HALLE o) &3
Ak ALE F2xze JAILE FYsd o
A NER=E FASEE =dddch Ad
< ASTM T[40l 31, 43 AF2=A
58 ol AN, FexdA Aol A
S87tA 52 ool AAlEHTh. AlFH I

=439

3. Algl Zn 9 na
3.1 Wi L Wl WE 37 54

Fig. 20| 450ColA w35 LT W3 PFS%
o £ Wi mE YA exAk=w

He SA Fegl2 EAEo sl AL & + 9
. oj¢} o} 2447t ZHA AT )
A& hdEAl sta, AAFHA LxE Fol
FroliA ANE2=ee o] H(transition
curve)& AA3E7] At B =
tangent(tanh) curve fitting ¥y & o] &3} <ith.

Q] =
L

o

300 T T T T T T

250 |- -

200 -

——
2 50|
-4
3
W 10} o=l i
Gz
so | S oW -
%% Sww
"]
0 1 1 1 L 1 1 L
-250 -200 -150 -100 -50 o] 50 100 150
0
Temperature( C)
(@) Temperature-Ecyn data
30 T T T T T T T
Data: Data2_lateral
— Model: PFS450LT
E 251 j
Chi*2 = 002288
E RA2 = 0.96775
= P
20 | -
) S
'a P4 63.82813 592709
c 15}
©
3
o 10 .
©
) a5+ -
=}
© PR ]
-1 0.0 PR 2" 1 I I L i
-250 -200 -150 -100 -50 0 50 100 150
Temperature(°C)

(b} Temperature-lateral expansion data

Fig. 2 Charpy V-notch impact transition curve
for 450°C tempered PFS steel with LT
direction
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Fig. 3 Interpretation of the coefficients of the
tanh equation

Table 3 Hyperbolic tangent equations for PFS
steel tempered at various temperatures

Equation

1) 450 - LT
Ecyn=112.25+97.75 tanh[( T+ 50)/56.18]

2) 450 - TL
Ecyy=102.5+92.5 tanh[( T+ 45.63)/57.97

3) 550 - LT
Ecynv=150+130 tanh[( 7T+ 111.09)/38.97]

4) 550 - TL
Ecw=127.5+122.5 tanh[( T+ 122.09)/52.37]

5) 650 - LT
Ecvy=145+135 tanh[( T+ 155.26)/43.11]

6) 650 - TL
Ecyy=140+120 tanh[( T+ 140.41)/50.36]

Table 4 Results of charpy impact test for PFS
steel tempered at various temperatures

terTlemrI:tslrlre Direction USE LSE DBTT
pe o @ o
()
LT 210 15 | -50.00
450
TL 195 10 | -45.63
LT 280 20 | -111.09
550
TL 250 5 | -122.09
LT 280 10 | -155.25
650
TL 260 20 | -140.41

Fig. 4= "9y &% w®igd ng PFS7Ho
2%-Eeww H=2E YE 3 vk ®3§ Fig 5=
ee-guAFe Nes HoFa 9o}l Fig 49
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Fig. 9 Scanning electron micrograph of charpy
impact test specimen for 450°C tempered

PFS steel with TL direction
variation of test temperature

in

the

Fig. 10 Scanning electron micrograph of charpy
impact test specimen for 650°C
tempered PFS steel with TL direction in
the variation of test temperature
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