42

4 Weg TS HY-100% 479

-
A
M
2=}
Hu
olo
48
2
AN
-3
e
r
re
-

o 8 oA A
HAUFZAF) 7ie/EEr dgrledTa

A Study on the Prediction of Shrinkage and Residual Stress for the
HY-100 Weldment Considering the Phase Transformation
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Abstract

For high performance and structural stability, application of high strength steel has continuously increased.
However, the change of the base metal gives rise to problems with the accuracy management of the
welded structure. It is attributed to the martensite phase transformation of the high strength low alloy steel
weldment. The purpose of this study is to establish the predictive equation of transverse shrinkage and
residual stress for the HY-100 weldment. In order to do it, high speed quenching dilatometer tests were
performed to define a coefficient of thermal expansion (CTE) at the heating and cooling stage of HY-100
with various cooling rates. Uncoupled thermal-mechanical finite element (FE) models with CTE were
proposed to evaluate the effect of the martensite phase transformation on transverse shrinkage and residual
stresses at the weldment. FEA results were verified by comparing with experimental results. Based on the
results of extensive FEA and experiments, the predictive equation of transverse shrinkage and longitudinal
shrinkage force at the HY-100 weldment were formulated as the function of welding heat input/in-plane
rigidity and welding heat input respectively.
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Table 1 Chemical compositions of HY-100 steel

(unit : wt%)

C Si Mn P S
0.168 0.260 0.273 0.006 0.003
Mo Cu Ni Cr Al
0.373 0.010 3.067 1.465 0.032
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Table 2 Specification of high speed quenching

dilatometer
Max. Heating Moa x r'ate Specimen
Temp. (] (*C/min) Size
P Heating | Cooling
15007C 4200 1800 Z3x10mm

Table 3 Welding conditions and dimension of the
test specimen

Current 600A
Welding Voltage 29V
Condition Speed 700mm/min
Heat Intensity 14.7kJ/cm
Specimen Width 400mm
. Length 1000mm
Size Thickness 14 5mm

% A4=(coefficient of thermal expansion, CTE)&
AReAT) ool AT wigem HY-100%7 &3

Hol o W3 2 ARLHE JNT ¢ e fI8
2314 2dg dsta Table 32 €4 24 2 AlE
HolMel AHFeE AEE hole drilling method
(ASTM E837)E ol &3t Hrigeexn /idd 2d
9 B4E HEsaT

o
rlo
o
2 4§
e

e
ol
o
B o
M,

=
uf

|83

o2 AR % A (body heat flux)&

tack 28lm §3(14500) 014z 718H =

dre M FFe HoHe A WIE 1

7) figted 2 e =qdsgon”, 48 83
FEd WE 4 AY =

}04 Bk el=

2030
AF-eE<s
@o

o 02 & o R o
P

B 9"~' 12

12

& € A€ A

g Bl
f
finsA
ol

e

FoulAy d
gogo Ao}8h= generalized plane
strain conditiong H&3lgen, &3 FAY F
T X3 AN AF 2+ Py} o whgke] W
3

e e

g

Corx ofh

ol

it 4o
ok

op

L

g fele AfEE FEAGDY. 28n ZA
AR B SWAcln, &xd &3, 5 )

AlE von-Mises &5 Zﬁ% A g3t E3, HY-
10079 4 W 2dg 33| 43 USDFLDS
UEXPANCeZ wHHEe 2709 ABAQUSE user
subroutine 7NSIAY . B 304 722 subroutine
% USDFLDE €42 d4& B3 73 2% o4 4

43



44

EEREL:

ole|E o]&3le] s B WZA] WA= A BEEd
2A87] Ak ALE9len], UEXPANS USDFLD
g 53 2HE 4 49 B8 7 249 % o)y
23 71 4 B4 E 93eS 2sket HeE9

3. HY-100Ze] SEF a4 2 7w
31 8% o 24

HY-1007}¢] high speed quenching dilatometer
A A48 YT £28 AFs] HelMe EHE
o] & o] o FFAHQ Hrt A= ejor &
th o, & AP e EHE 2% olFd U &
A AR 278 4 AF 4&S A4S 94 F9E vn
oy g ndo] g S Hrkis.

Fig. 12 HY-1007%9 SA butt $8FM 2%
ol it A4 % AN AAE =AIR Aolch. &4
Fo| 2AE dAWE B3 FHE &= oy Y
adst vmd F dAdy Y &4 F Jdo} oe
B AFdA AREE AlF ddg o83 4 &4 =4
¥ W7 &5 2% R0 glgde ofueint

32 & HEf sfA 2H

HY-1007}¢] “3de] 2de] 7o) 24 dilatometer
AEE 93 Wg &5 218 Ad9 44 9¢¥ =4
7 HY-1007¢] €3 274 o] 43 &4 &% o
H7HE B8 A3

Fig. 2& 15mm F7¢ HY-100% bead-on £3
FollA 22kJ/cme A& 45 £3559 4 X1l
£ o]¥& HY-1007<] 94 Yzt X TAE A
olt}. Fig. 2914 &H d@#o| 22kJ/cmsl AF &
A5 & ¥4 55 ¥ 420C/min (7C/sec) 2

400.0 --0-~ Experiment

—O—FEA

300.0

no
=}
=3
=3
T

14

Temperature[T]

100.0 -

22kJ/ecm
\—E\D\—u

0.0 " 1 L 1 s 1 L
: 0 1000 2000 3000 4000

Time [sec]

Fig. 1 Comparison of temperature changes of FEA
and experiment at the SA butt weldment
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Fig. 2 Temperature changes at the butt weld when
heat input is 22kJ/cm and CCT diagram of
HY-100 steel
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