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FHALEMBEHROELE X754 FRXT 2L 28 SUS310S,
NiREEA 2R IV600 BLUEKFR (C) SHELXK0.02~0.5%B TE
X RAFOREHZ S TICHIROBKRBEHRRHASICCH 2. &
NoSOMEBEOILFEMEE & Table 2.1 T d. REZWTHS 20mT dh
3.

Table 2.1 Chemical compositions of material used

(a) Stainless steel and Ni alloy

Chemical composition (wt%)

Material Item
C Si Mn P N Cr Ni Others

SUS310S(A) 0.06 0.83 1.18 0.018 0.001 24.71 19.23 -
Stairllless SUS310S(B) 0.045 0.67 1.16 0.015 0.003 24.80 19.25 -
t
stee SUS310S(C) 0.05 0.60 0.60 0.023 0,005 25.33 19.03 -

Ni alloy Inconel 600 0.10 0.10 0.16 0.008 <0.005 15.64 75.56 Fe:7.34, Cu:0.32

(b) Plain carbon steel

Chemical composition (wt%)

Material Item
Si Mn P S Al™ N 0
C023 0.023 0.130 0.966 0.0040 0.0050 <0.004 0.001L 0.0026
Co8 0.088 0.162 1.001 0.0025 0.0069 0.005 0.0010 0.0015
Tentative plain Cl4 0.145 0.144 0.968 0.0039 0.0050 0.009 0.0013 0.0013
carbon steel cael 0.214 0.193 0.976 0.0046 0.0060 0.004 0.0010 0.0046
C41 0.412 0.193 0.975 0.0040 0.0061 ©0.006 0.0012 0.0019
C54 0.543 0.148 0.971 0.0054 0.0060 0.008 0.0020 0.0024

Commercial plain

carbon steel $35C  0.34 0.02 0.77 0.023 0.017 —_ — —

k:Soluble
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Xenon lamp

Trailer shielding : \Back shielding
nozzle Z 1

Fig. 2.1 Close-up view of device for MISO
technique



Tungsten
or Xenon
lamp
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S : &N

-=—— Welding direction

Fig. 2.2 Schematic illustration of device for MISO technique
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Table 2.2 Welding conditions used

Welding speed Welding current Arc voltage

(mm/s) {A) (V)

0.67 70~ 175 14~16

0.83 60~ 70 14
Weld bead

(about 7~-8mm)

-

)

D

direction

1

Yot
Lo

80
Welding

TrTST
e A

Arc start

ot

15

N
(4
o

300

Thickness: 2mm

Fig. 2.3 Shape and size of specimen used for tensile
hot cracking test

RABRAEITTR > e ABRROEIKE K OTE%AFig. 2.3RY . BEE
LB 22 U OGTA #8:¢k (DCEN) TdH D . IBHERF T BEERT10~80A,
7 — 7 EF12~16V., BEBE? 83nm/s& Uiz, MISOEZITZ D200

REOBRBRAB LU EOEAK AFig. 2. 4B KT2.5 IZRT. B
PRI EE . BRI OB SHABRABOFRIZEL A THEEA ML B



railer shie
ozzle

Tungsten
0

r
Xenon lamp§

Fig. 2.4 Close-up view of tensile hot
cracking test machine

High speed camera

\ Microscope (x10)
Load //

GTA torch
Optical glass T = Ar gas
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Fig. 2.5 Schematic illustration of device for
MISO technique utilizing tensile hot
cracking test
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Fig. 2.6 Solidification front of
SUS310S (A)
(welding speed: 0. 83mm/s)
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Fig. 2.7 Solidification front of
Inconel alloy 600
(welding speed:0.67mm/s)
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Fig. 2.9 An example of sequence of cinefilms during rapid
tensile hot cracking test for SUS310S (C)
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Tensile hot cracking test, C.H.S.=10mm/s
SUS310S(C), 2mmt ,75A,14V, 0.83 mm/s
Type of fracture surface
b [o-F | F
T T T v T M v T T T T
Maximum crack length ( Lmax ) (l)
100F |
3 J
4]
£
=k f
\ o]
E J
S 50F \\ /O/ .
L \
5 o]
oy \O Crack tength O/o
g o
& N\g Crack initiation
. site
o._ o
O A L a " " " P i L A 4 - 2 L.
0 0.5 1.0 .5 1.8

1
Distance from solidification front ( mm)

(a) SUS310S(C)

Fig. 2.10 Relation between positions of crack
tips and time after crack initiation
during rapid tensile hot cracking test
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Tensile hot cracking test, C.H.S.=10 mm/s
S35C,2mmt,75A ,14V,0.83mm/s
Type of fracture surface
D D-F F
130————t—1— I —
Maximum crack length (Lmax) <|5
-]
— o]
2 100} % ]
o )
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© \ e
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%, N
Qf o
O ) L. i 1 bl/l 1 1 1 1 1 1 AL 1 i
0 05 1.0 15

Distance from solidification front ( mm )

(b) S35C
Fig. 2.10 Continued

Table 2.3 Comparison among apparent solidification range ATa,
true solidification range BTR and temperature
difference between liquidus and crack initiation
point ATu.-1 (70~80A, 12 ~14V, 0.83mm/s)

. ATa BTR {ATa/ BTR) X 100 ATo-:
Material (C ) (C ) ( % ) ( C )
SUS310S(C) 20~30 150 13~20 40

Inconel 600 25~35 100 25~35 —
0.145%C 10 40 25 30
0.412%C 15 76 20 20
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(c) Type F

Fig. 2.11 An example of fracture surface of solidification
crack for 0.412%C steel
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~_ Welding direction

Solidification front
Crack initiation site
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Fig. 2.12 Correlation between SEM fractographs solidification
crack initiation site for SUS310S (C)
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Table 2.4

Termophysical data for calculation of solid

fraction vt. temperature
in 6-Fe in y-Fe
C Si Mn P 5 Cr Ni C Si Mn P S Cr Ni
k 0.2 0.77 0.76 0.23 0.05 1.05 0.81| 0.36 0.52 0.78 0.13 0.035 0.89 0.95
m * * * * * %k * %
(°C/wt3) 90 6 3 50 20 1.2 2.3 70 6 3 50 20 2.6 5
. . 43)
*:Estimated from binary phase diagram "
*x*.Estimated from Fe-Cr-Ni equilibrium diagram )
ESN > N - —
oo stBICHAWRKBELTmDE**" ZTable 2.4 |Z/RT . ZBDsi

Scﬁ‘tl\ 45, 486)
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Fig. 2.13 Calculated relation between temperature and solid

fraction during solidification
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Fig. 2.14 Concept of crack susceptibility on
binary systems in Generalized theory
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Fig. 2.15 A new concept of solidification crack
susceptibility during solidification
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Fig. 2.16 Modified concept of crack susceptibility
on binary systems
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Table 3.1 Chemical compositions for material used

{a) Plain carbon steel

Chemical composition (wt%) Thickness
Material Item
C Si Mn P S Al® N 0 (mm)
Commercial
plain carbon SS41 0.060 0.01 g.21 0.012 6.012 - - - 2.0
steel
€023 0.023 0.130 0.866 ©0.0040 0.0050 0.0062 0.0018 0.0044 2.0
€024 0.024 0.148 0.%00 0.0052 0.0049 0.004 0.0011 0.0026 2.0
co3 0.038 0.147 0.905 0.0051 ©0.0045 0.002 0.0014 0.0048 2.0
coe 0.060 ©0.152 0.979 0.0038 ©0.005¢ ©0.003 0.0019 0.0047 2.0
co9 0.093 0.145 0.975 0.0043 0.00506 ©.008 0.0015 0.0025 2.0
Tentative 11 0.118 0.153 1.008 0.0032 0.0061 0.0066 0.0008 0.0018 2.0
plain carbon
steel Ci4 0.145 0.144 0.968 0.0039 0.0050 0Q.0069 0.0013 0.0013 2.0
21 0,214 0.193 0.976 0.0046 0.0060 0.004 0.0010 0.0046 2.0
€32 0.322 0.139 0.984 0.0044 0.0060 0.005 0.0819 0.0031 2.0
C41 0.412 0.193 ©0.975 0.6040 0.0061 0.006 0.0012 0.0019 2.0
54 0.543 0.148 ©.97% 0.0054 0.0060 ©0.008 9.0020 0.0024 2.0
€29 0.29 0.15 0.28 0.020 6.0050 - - - 4.0
*+:8oiuble

(b) Stainless steel and low alloy steel

Chemical composition (wt%) Thickness

Material Item
C Si Mn P S Cr Ni Others ‘mm
SUS310S (A} 0.07 1.03 1.56 0.027 0.009 24.57 20.05 Mo:0.15 2.0
Stainless  SUS310S(B) 0.052 0.75 1.12 0.016 0.001 25.02 19.15 Mo:0.0l 2.0
steel SUS304L D.02 0.53 1.01 0.029 0.011 18.44 9.54 Mo:0.07 2.0
SUS430 0.06 0.33 0.70 0.028 0.008 15.92  0.09 - 2.0
22:;“” SNCM420 0.20 0.25 0.57 0.009 0.003 0.52 1.74 Cu:0.06 2.0

E—P LT v FENLVLTEHINIAEKRY» T MZFT72HMAEDOYE
Bl LV 2O F vy o EARARICE—RETHEXE 5B
R REIRMUABRBTHS. CORBBOABAFis. 3. LR,
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Fig. 3.1 Close-up view of new tensile hot
cracking test machine
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Welding direction

I Solidification

Loading
direction

| Molten puddie il
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(a) Previous test machine

e Welding direction

Loading
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t=t
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(b) New test machine

Fig. 3.2 Comparison of sequences of cinefilms between cracking
tests with previous test machine and new test machine
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Fig. 3.3 Shape and size of U-form hot cracking device used
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Fig. 3.4 General appearance of U-form
hot cracking device used
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Fig. 3.5 Schematic illustration device for MISO
technique utilizing tensile cracking test
with U-form hot cracking device
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Table 3.2 Welding conditions used
{a) SUS310S(B)

Welding speed Welding current Arc voltage Molten puddle

v (mm/s) (A) v)

0.83 60 12 Elliptical shaped
2.5 99 14

5.0 140 16 Teardrop shaped
6.7 160 17

(b) SNCM420

Welding speed Welding current Arc voltage Molten puddle

v (mm/s) (A) (V)

0.83 70 13 Elliptical shaped
2.5 90 i4

5.0 160 17 Teardrop shaped
6.7 200 19

8.3 230 20

LY E— FIEHI0mmD 2K — R &8k, £/, BHEEE 83
mm/sTIXIFMMERIEIEAR AN, 2h U LOBERECIERE L

ot Fig. 3.6 T LD ICHBENHE L S 1 0mmD BT — 7 %R
BEH, BBIZHEHEEXY—bXERk, £UT. SEEEE (v) 2L
TENTNHEMBORES X TRIMBIZELRBAT, MIEXCR Y
ST OMERZRICKS Z LK DBERSFEIZA U CEE I EIZ 3mm



Arc start
vimmis)] x {(mm)
Crack 0.83 20
CREITIIIIIY) |9 25 | 30
X Ho. 5.0 40
6.7 50
100 8.3 60
Thickness : 2 mm
F

Welding direction

Fig. 3.6 Shape and size of specimen used for tensile
cracking test with U-form hot cracking device
(Rapid tensile deformation was applied when
the rear of weld puddle came to X)
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Fig. 3.7 Principle of measuring method of
critical strain for crack initiation
by means of MISO technique



HDORAEEIFRADLIIZRDOEINS.
Ei={(i—1i)/Li} X100 (%) (3.1)
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Eri ={(1pi— 1ri )/ 1lri} X100 (%) (3.2)
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Measuring method of critical strain
Welding direction

Molten puddle
Solidification front
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(a) Start of tensile loading
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(c) Crack propagation (d) Crack propagation
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. . 3

(e) Crack propagation  {(f) Crack stop

Fig. 3.8 Principle of measuring method of
strain for crack propagation by
means of MISO technique
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Fig. 3.9 Construction of ductility curve
based on Fig. 3.8
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Fig. 3.10 Effect of gauge length on critical strain
for crack initiation



<. 2ORHUEPRELLI2H58bH >, Lid->T. Kbt
R LB EENIL, FRESHOE NI POEALERLEVE
el Tli=1.0 ~2.0mm QOFEEHNATEAEEAR, 2B, ZO&MEAN
TOErDESHOXDBEIRZATOLROXTH>=2. Tleo KRS
F2BRAEBLVCEOESHDEEIHNT0.2 ~0.3%TH > k.
LOBRPIZE>T Er PAELKFMIh2HHAE L TIE. BELOR
ERHIcko CTESE— FPRBOBEFEATENKBIZET TSI L
BEZON., TOZEEHEECRYT —MEFig. 3.11 AR ¥. TITH
EAREE A LA b T EaEEEEL Tom (X S OMISO

Tensile hot cracking test, C.H.S.=20mm/s
SS41, 2mmt, 70A, 12V, 0.83mm/s
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Gauge length:1.7mm O Measured by MISO technique
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Critical strain for crack initiation,
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Gauge length, li (mm)

Fig. 3.11 Critical strain for crack initiation vt.
wide range gauge length showing strain
concentration to center of weld metal
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3.6 MISOZEIC X BERZEL Trans-Varestraint BhER(CHITS o0

By A2 PRFFED HE
Trans-Varestraint FINARKITEEFNOR LR ORAEL2HE T

XA3HLHLVWARRETHSD. 22T KFH (0. 29%C) (2 X L TMISO¥EIZ
Ko THIEXNBZBAZE Eir £ Trans-Varestraint BN AR E CTHEMX
N>MATE OB EITE >z, EDMER A& Table 3.3 IZ/;- ¢, Trans-
Varestraint Bl ABRIC BT 2RAEE L /2R (X 100)% & U TFHMl
TRTW3., £¢. MISOZRE2BEH L ol GRIhIABEDLSE O N

1l

Table 3.3 Comparison of critical atrain for crack initiation
between the MISO technique and t/2R by the Trans-
Varestraint test (t:thickness, R:radius of bending
block)

Critical strain for crack initiation (%)

MISO technique, &ir (t/2R)* x100

Tensile hot Trans-Varestraint Trans-Varestraint
cracking test test test

Carbon steel
.0.29%C,0.02%P) 2.0 1.7 <0.5

* t : Thickness of specimen , R : Radius of bending block
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Tensile hot cracking test,CHS.=20mm/s
Plain carbon steel, 2Zmmt, 70A 12V,083mm/s
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Dctility curves of plain carbon steels measured
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Tensile hot cracking test | C.H.S.=20mm/s
Plain carbon steel , 2mmt, 70A,12V, 0.83mm/s
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Fig. 3.13 Relation between carbon content and
critical strain for crack initiation
in plain carbon steel
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Plain carbon steel , 2mmt , Tensile hot cracking test
CHS.=20mm/s , 70A,12V, 0.83mm/s
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Fig. 3.14 Relation between carbon content and
BTR in plain carbon steels
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Fig. 3.15 Ductility curves of stainless
steels measured by MISO technique

3.8 HEBNORERORJAECRKETFEEEORZE

AHTEBEL2 OBREETUNSERINEELARH VARG RESR
BnABEIT 2V, BEHEEO FRICES BRaMEROBAE D &R
CADBITIZXAZRREORENSY — 2 OB KGRI OB ERE
ANOREFGORAEOENICEDEIIREEA KT TOPIZOVWTR
FUlr. 8., FRAMBELTRIRERF—XTFAPRAT UV



SUS310S & & U BEMAR & & & WSNCM420 = H W 7z,

3.8.1 REHEK HEDNOREKIGSIUVINORERORRAEICKET
BHEREDRE
SUS310S (B) tzxt U TiA#EEEE (v) 0.83, 2.5, 58K U6.Tmm/s (ZH T
ZEEBNDORAEIRRAMISOEIZ LD BREL f216mmT 1+ L ADH|%ZFig.
3.16 (2R, v=0.83mm/sTXEAMMIIEMAETH . v=2.5mm/s Ll L

Weldlng direction

c) v=’5m‘/s (d) v= 67mm/s

Fig. 3.16 Examples of sequences of cinefilms for SUS310S (B)
during tensile cracking test with U-form hot
cracking device
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strain for crack initiation
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Fig. 3.19 Quenched microstructures of SNCM420 weld metal
near crack initiation site
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Liquid - tin quenching
SNCM 420, 2mmt
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Fig. 3.20 Relative peak count of alloying
elements by EDX analysis
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Tensile cracking test with U-form hot cracking device

Deformation rate :11.5~37.3mm/s, SUS310S(B) & SNCM420, 2mmt
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Fig. 3.21 Effect of welding speed on number of grain
boundary per unit length
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Tensile hot cracking test , CH.S.=20 mm/s
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Fig. 3A An example of gradual increase in
strain behind the solidification
front together with time lapse under
the condition of C.H.S.=20mm/s in
tensile hot cracking test
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Table 4.1 Chemical compositions of material used

(a) Plain cabon steel

Chemical composition (wt%) Thickness
Material Item -
Si Mn P S Al® N 0 (mm)
C023 0.023 0.130 0.966 0.0040 0.0050 <0.002 0.0018 0.0044 2.0
€024 0.024 0.148 0.900 0.0052 0.0049 0.004 0.0011 0.0026 2.0
Cco3 0.038 0.147 0.905 0.0051 0.0045 0.002 0.0014 0.0048 2.0
Co6 0.060 0.152 0.979 0.0038 0.0050 0.003 0.0019 0.0047 2.0
Cco8 0.088 0.162 1.00601 0.0025 0.0059 0.005 0.0010 0.0015 2.0
Cco9 0.093 0.145 0.975 0.0043 0.0050 0.008 0.0015 0.0025 2.0
Tentative plain (11 0.118 0.153 1.008 0.0032 0.006! 06.006 0.0008 0.0019 2.0
carbon steel
Cl4 0.145 0.144 0.968 0.003% 0.0050 0.009 0.0013 0.0013 2.0
C21 0.214 0.193 0.976 0.0046 0.0060 0.004 0.0010 0.0046 2.0
C32 0.322 0.139 0.984 0.0044 0.0060 0.005 0.0019 0.0031 2.0
C41 0.412 0.193 0.975 0.0040 0.0061 0.006 0.0012 0.0019 2.0
CH4 0.543 0.148 0.971 0.0054 0.0060 0.008 0.0020 0.0024 2.0
C02-S 0.021 0.145 0.962 0.0047 0.0280 0.003 0.0016 0.0031 2.0
SS41 0. 06 0. 01 0.31 0.017 0. 021 - - - 2.0
Commercial plain S35C 0.34 0. 02 0.77 0.023 0.017 - - - 2.0
sarb teel
carbon stee S45C  0.45 0.28 0.62 0.035  0.040 - - - 2.0
SK6 0.77 0. 28 0.43 0. 020 0. 009 - - - 2.0
s:Soluble
(b) Stainless steel and Ni alloy
Chemical composition (wt %)
Material Item Thickness
c Si  Mn P S cr Ni Others (mm)
SUS310S(A) 0.07 1.03 1.56 0.027 0.009 24,57 20.05 Mo:0.15 2.0
SUS310S(B) 0.07 0.67 1.74 0,016 0.001 25,05 19,80 Mo:0.05 4.0
Stainless
steel SUS310s5(C) 0.05 0.72 1.49 0.024 0,001 25.21 19.32 - 3.0
SUS304L 0.02 0.53 1.01 0.029 0.011 18,44 9.54 Mo:0.07 2.0
SUS430 0.06 0.33 0.70 0.028 0.008 15.92 0.09 - 2.0
Inconel 600(A) 0.033 0.25 0.35 0.007 0.002 15.47 74.84 Fe:8.30,Cu:0,03 2.0
Ni all
P2 Inconel 600(B) 0.035 0.21 0.20 0.008 0.002 15.79 74.28 Fe:8.31,Mo:0.20 3.5

423X N600 THB., ZhSDMEOILEMEK A Table 4.1 2R Y,
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DGTA Kk DCEN) TH O . BEFJAGEEEERT0A . 77— EE12V
BLOBEEHEE 83mm/s& U1z,
ARBROFBEEILUTOLBYTHE., 7. BEICBLTRIE— KE—
ED2RLE—REEBLRD. 77 RERIMBRBLCPoEEHEE
2y —hEtk, Z2LT. BEPICEEFEEBEHLFMIZ200 2 H230
i£0.45~0. 06mm/sDC.H. 5. THIREMZMA 2. o H. 0.45~0. 06mm/s
MOCHS. . AU TFTOERE THEBBINSRE UG WRAEH
BErrorxoRREARDLLDIZA VL. ERi2MMT 2 FMEIT K
DEBYTHB. BWEREABRROBHBIZIT DM, 208 KT 2nn/s®
C.H.S. A, BAlMOKESHABRA WO EIETPRIZEL LKL TH R
ENi&EMA Tz, 0.45~0.06mm/sDC.H.S. DA, BERNOFE LR
BRWOFEPRIZIKS D, IREMEMAKD 205 8% FHER
KOREL. BEMBEIZWTLOBESGH3m & Uik, £ LT, MISOH%
WEOREFNORFORTZERELU . MERFEIUTOEBYTH
Bo. 74 (7 4 UABRE IS0 400) O£ 0 BEELC.H.S. #820mn/sT
$40027/s. 2mm/sTIE20027/s & K ¢f0. 45~0. 06mm/sCE5017/s& L.
T4 VA ERIVTNRLL.E &L LT,

4.2.3 Houldcroft BB hEEE
Fig. 4 WCHBRADOERBLITEERT. COoORRTRERS N T
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Fig. 4.1 Shape and size of specimen used for
Houldcroft-type cracking test
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BLUD) WRTHEEEHWE, T TE—RRmIZEFEET 5B A8
BOo>bEN 28 2F0HIEICAWVWAZLiF3. 4.1 LEABETHZ. #
UTET. 74 LLARIIEET O OBBHASREELUBD 2 Hts=
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gi={{li—1i) /li} x100 (% ) (4.1)
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__Welding direction
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(Tersite loading was started at time before ti)
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Reference
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(b)ts=ti Crack lnltlatlon

Fig. 4.2 Principle of measuring method of
critical strain and strain rate
for crack initiation by means of
MISO technique under the condition
of low C.H.S.

=&/ (ti—ti) ( %/s ) (4.2)

4.2.5 RRINYEZBERII7-HORESNAEZE

(1) BBREERSINEEE

fEAURMEHZA > a26000R)THB. RERFDEIK., BEEB &
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BrxHE. BICERAELUR. ABACHANUZES K UEEE %> Table
4.2 O LERIZRT,

(2) Trans-Varestraint B E*E
REAEOTEIZEA a6 00B)DEA100 X100 4§ x3.5 E (mm)
B L USUS3I0SB)DIES100 EX100 X4 E (mm) TH 2. BEEITE

Table 4.2 Testing conditons of tensile hot cracking
test, Trans-Varestraint cracking test and
simulated hot ductility test used

C.H.S. Augmented Augmented strain
(mm/s) strain (%) rate (%/s)
Tensile hot 0.1 1.3*

Testing method Material

cracking test  nconel B00(A) - og 2.1 20.8°
0.5

Trans-Varestraint [1conel 6006 = 0.3° 23.7
cracking test _ i 0.4
SUS310S (B) 0.3 24.0

Simulated hot SUS310S (C) 0. 06 3.1 0.5
ductility test 6. 07 >3 1 >10.3

#:Measured by MISO technique.
#x:Evaluated by (t/2R) X100 (t:thickness of specimen, R:radius of bending block).

¥ 72 U DGTA #E#ER (DCEN) T&H D . BHEFRAILBHEEHRI100A. 77—
WELY BLCBEEERE2. bon/s CTHD. (t/2R) X 100(%) ThRDon3
AmEE., BERNASREEUVHEDIMABREL T30 XK
#BEZEICLT03%E Uk, 2L T, BB 2T 03 -7 D&ET
HEEZHMU T, Table 4.2 OFBRIZ/RU = 2 FEE O F- Y EHE % 410
Uiz,
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4dia. Weld metal

85

Thickness: 3mm

Fig. 4.3 Shape and size of specimen used for simulated
hot ductility test
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Welding direction

-—— Loading direction ———=

}¢———- Gauge length =4 5mm ———»{

| \\
1 Fusion
L boundary
|21
_/‘
|
Fusion | el .
J Marking
boundary - _;;m b2 Hines
1
L
|
1
|
Mr(g

Marking lines/

Weld metal (5 to 6mm width)

Fig. 4.4 Principle of measuring method of
grain-boundary sliding
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4.3.1 REHCHITIBAEOEEEREY

0.214%C Sz L CTO0.2mm/s DOC.H.S. THREBR AT - 1= B4 O EEEH
MBEGOEEEAFig. 457 Y. RIZIE4XZDEHT — 2455 2 »5.
ChiF 1 ADBERLEICIBTIZ247FOMNETHELRERTHS. B



OBMisEF N FNEABEEmICH > RBAZEAL U TERRL
e $bb. RUERTLOBEAOMNBEABERA»S OB L U T
KO, COEMEBERECRLRELOTHS., . KFORH T
BlRBIMZ L S SEATEAESHB I NBO REEL SR T U -
FTOEEARLTVS, (TR t2@EY2BREMRKRIEICO. A, O
BXUVTKHO L. HEBZKERATOEA*RDLTWVWS, WTho<
CBWTHREMmETEOEERBtst RICFFTEHRMYICERL. 20
AR TEROLIh2BHEZ oM RCHEMNTS. LHLrLZORPS

b3 &5, —EOCHS.ORABRTOLERMNPIZETBEZOETEH
TEIBBREMEICKRBIZREPLTCNLS, ULHLPBIZ. T=6.8~7.8(0),

Tensile hot cracking test, C.H.5=0.2mm/s
0211.°/.,C steel 2mmt 7OA 12V 083mm/s
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| | A 10~ 11 el
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Lapse time from solidification front, ts (s )

Fig. 4.5 An example of gradual increase in strain rate
behind the solidification front with lapse time
after the start of welding under the condition
of C.H.S.=0.2mm/s
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Fig. 4.6 Comparison of strain increment and critical
strain for crack initiation in different
C.H.S., giving strain-rate dependence of
critical strain



WTtsB30 » 60 2sF TRHEIRAMKAMOKE TH D . (F8R3.4 THEN
kO OBTREBIEFIZFI CTholz. ThODHERITINE. WY
NOCHS OBALEBMNAMEOERTIFITERNICER TS, ¥k
CHS.EWEIANITEHEEORBDIHVWRARIET IS, 8. LT
TEC.H.S.B20mn/sTHOEREBLIVORAELTNETN Sir BLY
Eir. CCH.S. M2mn/s TOEREBLIVCRAEZEEZZINEN EinB LT
Em& U,

Fig. 4. TRIRFBIZ BT I2MAZTOEEBEXRESEZRLEZ DOTH
2. WThORZEHTCORAZEEEEOEME R LR ¥ 2 HIA %R
T, 2L T, BCEEREILCMAZTORHBKFH I/ DL L2 HMIIZ

Tensile hot cracking test, Plain carbon steel, 2mmt
70A,12V,0.83mm/s
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Fig. 4.7 Effect of carbon and sulphur on strain-rate
dependence of critical strain for crack
initiation in plain carbon steel
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Tensile hot cracking test , Plain carbon steel , 2mmt
70A,12V,0.83mm/s
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Fig. 4.8 Effect of carbon content on critical strain
for crack initiation under different C.H.S.
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Tensile hot cracking test, Stainless steel ,Inconel alloy , 2 mmt
70A, 12V, 083mm/s
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Fig. 4.9 Strain-rate dependence of critical strain for
crack initiation in stainless steels and
Inconel alloy 600
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Tensile hot cracking test
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Fig. 4.10 Comparison of critical strain
for crack initiation under
different in stainless steels
and Inconel alloy 600
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Fig. 4.11 Relation between carbon content and critical
strain rate for crack initiation in plain
carbon steel
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Tensile hot cracking test
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Fig. 4.12 Comparison of critical strain rate
for crack initiation in stainless
steels and Inconel alloy 600
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Houldcroft-type cracking test
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Fig. 4.13 An example of strain rate measured by
MISO technique in Houldcroft-type
cracking test
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Table 4.3 Strain rate measured in Houldcroft-type
cracking test

Measuring Gauge length Strain rate
method (mm) Ei (%/s)
MISO 1.0~2.90 2.1~3.8
Dial indicator 80 7 1.2~5.8(x1072)

TIEWTNHHE 2~4%/sTH o2 ThiFFig. 411 BLXTIUTRL
Eic DEFEIZA>THED., 2 & DHouldecroftBIEINKBRIZB T 3 £i8
BT ENELS ., FERATHEHERETHLILFDILBE, Vo iF

IESERIEEE A 80mme U C4.2.3 THRARLFHHEIZL D RO -GBS N
OFEROY 7 O FERTEBREE X Table 4.3 D FRIZRT LHIZ1.2 ~
5.8(X 107%) %/s TIH . Eic D¥1/100 ~1/50BETH-> 1. ThiF
BN THEINR-EEEBEIZEZEILEALERELTWIZVWRMEBS>LEF
NTWakEDHEEZIONS,

DEIZ. FHESAW FITRE T I KIBE RO K DRI D IR RS
BT E KD HRBEBINERERESEL CERBRET 28
&, TOBEEIEBHREVI L LTREINS, ZOKBHNIZEL
TREMNES LTCHBRERE (LIF. FEM EH7T) itk 0 BhREMED
ERBRRDSNTVB 7D, Table 4.4 Foh o OBEHE. A



Table 4.4 Strain rate estimated in end cracking test

Measuring Gauge length Estimated
method (mm) strain rate
E (%/s)
Dial gauge®% 7% 250~300 1.6~3.3(x10°3)
Loop gauge’™V’ 200 3.0~8.3{x1079)
: 72)
Caligéﬁfl°“ 40 7.5% 1072

BB ENSDT— 9 LOMELLEEHERELZRLEZLDTH
B, TROOEWTERELERD S FHhiE4.2.3 TRAR2T 7 alyEHE
EEEABFETDIHEERBETH). T4V - 5—Y L—T -
F—IBIXCFEM XN AE AN BN REEFECBIT2EREDOEMH
EADT =2 "D poEHEREELBELR. 2LT. Ther&

F—IEOEHSZVEIHBRROBTRU TEYEEEARD . Th
SOFEEEE T4 4 THOLIZULAEBAEERRE Sic &N BEHEWIT/I
TV, UL, ChEEHNB LSCHEICH W = E S EEESMISOETO
FNRNEDIEBIZRKENLRDTHB L. Table 4.3 #BHBIT B2 L1z
LEDEMTED. ULiehio> T, Table 4.4 ZRULKREORESAW OF
EEEBCBI2ERELEAMEROEELYEZ 2L Ll ic LR
BEOHiczsboe#llans,

Lrozcedhrs, BEBTLIEST2REHNNOREROZTEEIL Sic
CRAIBETHILEZIOND., COZELPOHBZE. EBOBEBREIT
OEEHNNOREBEHEARATELDICHBRABHE Sic BEORWVWE
HECBT2EEFNBEZEOFIMBLVOERTCHL2 I ARELTY



. ooz &, MEBOBERNBRZEOBIZIE Eir KD b Eic
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4.6 RESMOREBOBRAEOEREKGHLNT Y DY

4.3 TBWTEEINOREBROBABEIELREKFEZL O LR
FUtr. ABTIRZOBEHIZOVWTRECIHTARAINIOFS LW
ABADPSRF U, TORDICET. BEFOBTR ZB8WTHRHFITA
DERXZHPE I, BXE226EZOEREEFHILEIDPLEOVT
2|85 A 2 8 B X BR i . Trans-VarestraintF h ek Bk & & O F Bl & i i
P B AW TR U 2.

4.6.1 BERARRICKITIRFINYOEHE
4232600 (A) Izt L0 Imm/s OC.H.S. ( B : 1.3%/s) THl
ERABRETZ-> RIEOBTR NOBESBRMmAFig. 4.14 (a) LT

(a) Low magnification (b) High magnification

Fig. 4.14 Surface of weld metal within BTR of Inconel 600 (A)
after tensile hot cracking test under the condition
of low C.H.S.=0.1mm/s



(b) WWRdT. BEARIIZED., BEBOHERSRHAS LCLIVIKBEIKE
BEExh, theABCHERKGMNRACBWTERESBRINL. L
L. tALKBBERBOBERTEBREIBRBINZIP >, DEIT. 20
mm/sDC.H.S. ( EERE : 20.8%/s) DFA. Fig. 4.15(@) B LU (b) TR
TEHOCHKBRMACBVWTOLEREIFLALBRIN I k. I
B, Fig. 4. 15 CBVWTHKSENAOETICROoNZRAITEER. B
Hp iz URBHRATH L.

(a) Low magnification (b) High magnification

Fig. 4.15 Surface of weld metal within BTR of Inconel 600 (A)
after tensile hot cracking test under the condition
of high C.H.S.=20mm/s

S Xz, Fig. 4.16(a) 8L U (b) (LSUS310S (B)(ZX L TO.4%/s E &
J TTrans-Varestraint B &2 174> REEOBTR NOBEEZEREXRE
ARULELOTH 2. HKENRTRIBEESHBIBEINE. LY
L. 24.0%/s OBEEDOHA. Fig. 4.17T@)BLC(b) ZRLREIIZ
HIRERATEREZIZILALBEEINZP- 2.

Ltzdi-> T, BETOHKSHNALEEEOBVWERAE F TR TN
DBRETEZZENHEOPEE> R, PIVKBBERKBOERTEZIO K



(a) Low magnification (b) High magnification

Fig. 4.16 Surface of weld metal within BTR of SUS310S (B)
after Trans-Varestraint cracking test under the
condition of low strain rate (0.4%/s)

(a) Low magnification (b) High magnification

Fig. 4.17 Surface of weld metal within BTR of SUS310S (B)
after Trans-Varestraint cracking test under the
condition of high strain rate (24.0%/s)
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4.6.2 BERAFBABMALILLEORRINY
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(a) Low magnification (b) High magnification

Fig. 4.18 Surface of weld metal of SUS310S(C) after
simulated hot ductility test under the
condition of low C.H.S.=0.06mm/s

N IESUS310S (T HBWVW T2 OEEEEEPICIE I 7 afmbric & 0 HEKSRLF
BLUYTHEATCrBBALTZ Y EF—THN. LEP->T. Z
OHREEMBIZ L > THILEINLLbDOTH S LERTE e, Fig.
4.19(a) B & (b) 1Z1X6.07mm/sOC.H.S. DBAOBHEESBRE%#7R L
B, NMRIXRDEDIDPICBHBINIEETH- k.
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(a) Low magnification (b) High magnification

Fig. 4.19 Surface of weld metal of SUS310S(C) after
simulated hot ductility test under the
condition of high C.H.S.=6.07mm/s

BV AICIIRART RO BHBIICET 2 Z EBHOPIZZ- T,

Table 4.5 FRERIIHTIHATRNNDOEFELEZRLLELDTH S,
ROy FRRIANDICLZERES: ORERESUIH T 254 ( L
T, H58y (=Se/Se) EHT) &Y. 0.06mn/sOC.H.S. DA
Yy i FER0.21THoT2e WolED. 6.0Tmm/sDC.H.S. TD v & 0. 03LLF

Table 4.5 Effect of strain rate on contribution of grain-
boundary sliding to total deformation in solid-
liquid coexistent region

C.H.S. ‘ Deformation due to Contribution of

/) Total deformation grain-boundary sliding Sgb to St (Sgb/St)
St_(un) Seb_(um) y

0. 06 140 29. 1 0.21

6. 07 >140 <4.2 <0.03
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Bl SercB L USee IZHH>TWBREEZOSND, Lizh-> T, (4.3) X
FXRXDLDIZH S,

Sgpe = ¥ E)See (4. 4)

WolFH . MISOEIC K> THIEXNSE EEX1.0 ~2. 0mm DR i #R
BLICBT A EHETHS. BlAE. Fig. 4.20 14 222600 (A)IZ
BUHAAMETLLS HWLELAHEEEL Ton (fHOREEMEBEZRL 2
M. CoESRHERCE -RICBBREEORKSESFAL TR, DX
D, MISOEEIZ K> THIEXNhBEEFRADL DTS,

L ST 232 I BT E LT Al T
~_Welding direction

Fig. 4.20 Solidification structure
in the center of weld bead
(Inconel 600(A), 70A, 12V
0.83mm/s)
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Critical strain for crack initiation, £&i —

S gbet Sgbc2

Critical grain-boundary sliding, Sgbc ——=
( -——— Increment in crack susceptibility )

Fig. 4.21 Concept showing the correlation
between critical grain-boundary
sliding and critical strain for
crack initiation, both depending
on strain
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BABIZRVWTEHEINNORFBORAZTITEE LI LR TS
ExEBeEPIZLE, TLT. REOBERE LAMEL RIBEOMEBO
BEINNRZEAFMTS-DCRBBBEL THEEELLTE. 1) %
NUTFTOERETTIREINASPREFELUSZVWRABEE THE L EH
SPIIZlUk. UL, BEECL, TERESNRZEPFERL VLD
RMEETE., D)ESEHEECL2BESNOREROBAETCL LN
CEeEBHoLELS T2,
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(a) VarestraintHl iRz 7"

(b) MurexBIEINHBRE= "2
(c) LTPEINAERIL® **

(d) A EE R BEE NARES °2
(ii) HHRBE NG R
(a) FISCO¥EREEBBFINAREL S *>
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(b) HouldcroftEln A Bk ' 2
CHEEMAURSEINRBREICL S5 RESRA DAL >
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HROBABEIENLREHNBZMHEE LS., £UPL. 3.6 Ok
BEOXRDO LD LMEABERINS. (1) BREBRTCHL ERM#EE
LTHzohn. REBMLZEEFIZOVWTOMFERZIA TV ALY, (ii)
BEANEZEOBD TEVWMBTERAESE TS TRHETE 2V
aiH 522, (iil) RAFOEEEKENORESMEBIZL D KX A
22l 6 Tk, Varestraint FINABR CTHMI N 2 BEENEZH & X
—~ 105 —



BoOBEER T8I 2RENNNEBZES —HL 22522 |

5.2.2 Murex BUE[hEEEL

CODRBREIIP. W.Jones 529 [Th-> THEINREARETH S,
JIS Z 3156 T BBAX T ANBHEIANARSFEL L THEZATY
57® , CORBEEZHOBBREHREOHLADE ANV RR
U, $HRAB®EATZI. T LTHEEP. BVWORRA OB T 2K %
e UT—EORBEMBE w (0. 25 ~4deg/s) CTHIEOHEBICET S
FCABRFAOERIEE, 28, B/ 02— EOFRFICTHIEE - FD
EX%#ExEL0WT, BEBLTOERRELE/IE 3 L A
LB, TUTHERTER, E-FBEEFAMICHRTIBEH S T, &
MIZOWTEHENEXEZHAET 2., ULiedhl-> T, ZORRETIEEBERN
RZMEAFEMT AEEL L TEEAREAVTNS,

CORBRETE o BT I7UNLZEREETHS., CORHBIDwEE
KU, REFNOREROMAD 0 ZER]L THIETHIE. chidd 4
TRNERRAEERECHIE T 2H2HETLZ2Lic2d, DR
DRBRETRIOBRO w BE BB NBRZHEECLZZEEZS
N3, REL. E-FRACOERREIRZECI o LD EEDETH
B, BIZOLEFZ -ERZ3LHICEEBELZITRIEZS 2N,

5.2.3 LTP BlhiiE*

Z DABRBIEN N. Prokhorov 672 89z ki » THEINLARETH
2, AR ARABRICENCEET 2. ABRFOHE@IIRY v M %
NI THZ2OPHETH2. CORABREKIBEPICHEEFM L EAN
WH42 OFIREE CEIRAREITZV., BESNADREDDDOBRRELE

BREZRDLLDTHS. bbb, BENNBRZIME LM T 2 EHE
— 106 —



EUTHBRAZREELHA WS, B ELIEGMAW, GTAWE K TFSAW D W
TNLAEKTH S, COMREREE T AP CHE L = BRFAEREIZ
HIBLTWE Y7ol BEHNNBEZREETHEILEEAOND. TOD
BIzBWTARRZTAENLARETHZLLELSNhS. LIAL. Z
ODABRETIHIHEAEREEEZRDLEDICEBELORBREMEHAL T
TRHOBEFD S,

5.2.4 TFIEZTHEERINEERE

Z OB IEK. B.Bagryanskii 6" BXUMRHS®Y ZTk-> THRE
ANRLDTH2. CORREOBFHIBEPCEENICERIEELE
ftxdszbick). —HORBTRALEEEENROONZ L TH
5, CORBREORE? FHEEGERICEEXINKERE BEIKK D H
XNl B OKERE —FEDOAHRE o TREXH 4255 B0
WEP> T ARBERXTLEY. CORBTRBABETOIEEOMEBICE
FAEEEED ZREPLOPSOFEHMLIPSD=LX0 LTEKDS
had., 2H. DOy > TEHRMIZHEDSL TV, Lid-> T,
BERANSEFELLURMNETOERERELZRALZEREEELLTWVWS, £ L
TZORAERFEEOR/PNTHRHEHNNBRZMEZFML TS,

CORRTHEOSNIBAELEEIRESINOELHOLDOTH Y.
BREINNORTEEGEELEHORBRBAHTH 2 O ARAREICS
T2RAEREE L HEINREBORARERESH 21 E5.2.3 O
LTP BIhABRE CRENREINNREEGORAELEESLT LU LE—
THZVWHESH S, CORLDEAAREIFRESTNORE ICET 2%
FELULTRETULLBEHENEEIWVWR LN,

5.2.5 FISCO ZFEAIRERZE
— 107 —



Z DRABREILH M. Schnadt®? 2 k> THRE I hHREIANABE T
Hd, JIS Z 3 TRCEIYITHREGEBEINNARE'Y L UTH
EFXh, AT VLU AH ALIGEFICH T 2BEBOENARICAV S
TW3., CORREOFH'® ¥ MoRzALDEABRAFE2CED
TTAAL. RLVFNTEETS. 2L CRABRBER. BEXLAETH
Mz EHBER T, 20RAZHOVWTIANOEES LCEI £ ME T
2, 7B, RETHENCERETNDUAOERINLH S -OWI%
HRATI2LENDHS. ANBEZEBELLUCEHAELEANS,

CORBREBIIEAPERINARTH S0, KB I 2 BHE
BRATEERECENWLEZZG6NS. LEDP> T, ChIEIEBOEE
BTIcBT2ERFELAERLTWVWE L SHEEBLICHIGL KR
FELTEBNRTWAEEZONS., LPL. CORBRTRABFOAE
EBLUBRERLHHETZ2L2ODORL N HEDHITHEBREOHHRIRE
ROL2BEERZTIETHEIP. COREE I THIETORHEIH
5., ¥l WREIEWRBEOBMONEE KCEROMKIN 2D
T. BHMOBELEELREREL LS, 3612, EREBBLUEREE S
FRECEAIEZ CLRIBEZTCELZVW S L ICHEBH 5.

5.2.6 Houldcroft ANREFE
Z DABREEIEP. T. Houldcroft'® Z&k-» THRERxIhLHRAOHARE
FNARETH2. COXREOFEBIZOWVWTIEL.2.3 B K UFig.
4.1 TNz, 2B AROXBRTIEFig. L 1O Y vy FPOEWEDLS
BREARABTZ2. ZUT. RELRINOEXH 2 WIEHEINETHRRK
ZMEFHMIT 2. COBELBBEITNNDAOSEENSRET 220,
BEHBSRICL ) BREIAN BRI TILERH S, 4.5 ThRXRELH>EZ
DRBETCORBEIANORAEROEHEFIRABEREMNI TCHo 22 b
— 108 —



o, CORBREEIFEENCIEZR L2HEL BN 2 RINARE
TH3E0nA3, LU, CORBREKIABRFOONBRERIZL D Bh%E
FEXFZ2HBOTHN. Thid5.2.4 OAEERHEED NRARK L A
REBAMAERXTHSZ. CORLOBMBEIZ L > TEREFNRERORRA
HELELFORAEZEEELSE -TLZWERLEI 6N, BT
hEXOHTHREINNBZMELFIMIZICETTFEITIHLNESDHS. N
WHOWTIE, 4.2.3 TN OICHABRIHRICE T 2BEHHhOFREE
BOEREELXBETEZ2LE—DOEMLHETHR EEZOND,
Flo. CORABRTHREEESIUCEREEL{IEI. »DOLEHICE
XRBZCEFEETEHLL, FRL0RDBHELHSLT LI ZNE
WHRTBR LS B H 5.

5.2.7 #EENR UBEESNAEE AL ENEERhMERE
3.3.3 TRk X2 &kHizc iR EKILY.C. Zhang &5 52 k- T
MREINZLOTHL. MRENNURSRIABE T, UNSE
HNBEEERT) HRRSECRBEAHRIE 2200 2 @OHHR
RrOBEZATWS, CORREORB > 3£3. (1) EHMNE
F#BRR0 ERIZ52T. WRRBZAPEE DS (UF. 9likd
HEMT) do/2RHELSE B, 2 L CHEBRO Lz R &8I
KOEETB. T0®k. (i) FARHEL LSRRI X KBRS E
(GTAW) 177 5. ABRBETCRRRE OBRE R &0 BESIET T
BroRBECRERER SN h. BEARSRET S Lich
5. U L. CORRETHABRIIC URSERANGECITHNES G
BN 5 AES BB 5.
ZORBIEEAMDS SEHEMR 355, EIHHAR - HL OB S
ARTHMAR O, £ COBETRABMROBE £+ L/t 5
— 109 —



WKV ERRELHLIBECEATE. POZ20EEREL2EFH ICH
ETHZEWARETHSE. LiP-> T, BEFNROEERKRORIEKDOER
BEHLHLIZ2WEIERELZAEITNE., COARKRIEREOBHER T 28E
URSEOMBBORESNBRZTZ2F# M 2ICEELRATETHD L
Zio6h3.

5.3 MISOZICE D 3 70 REEARRURELESFf —SREEICLD T
7 O R ER N2 EEOIBR

AH TS 2 TRRNRRRED I BERRELETE S L HIZER
EEABRBHETZ 3 URSEINBEAHAWT. SIRBERANR
B & A7 7z MISOB & U C I 2 O i 72 3 [ § 0 4 i o0 78 B % Bl
U. FREKZ. BEELOEENMETCOEY -JIZkB3 Y70l
EREELHELR. 2L TIhoMEALKL. AEOHBEZOW
TR U, ChICKD I 7 umBESASIHEECH 2 RR T EE
Y7 UNREREBREIZL > THHETEE2BEIPIZOVWTREI 21T

o,

5.3.1 FERAMEGSLURBRAZ

(1) GER#E
HFHUZMBEITROEE2F —ZAT 4 FRAT YL XH#SUS310S 3
BHETH2. FDLFEME A Table 5.1 254, IRETWTN S 2mm T
3.

(2) #RBIORAVESEINERELZ AV SRS EShRBE
URESRIANBEERICLZ5KABROEE > 2>\ TiE5.2.7 TR

- 110 -



Table 5.1 Chemical compositions for material used

Chemical composition (wt%)

Material Item
C Si Mn P S Cr Ni Mo

SUS310S(A)  0.068 0.81 1.17 0.017 <0.001 24.56 19.22  0.02
Stainless SUS310S{B) 0.052 0.75 1.12 ©0.016 0.001 25.02 19.15 0.0l
steel SUS310S(C)  0.045 0.68 1.16 0.016 0.003 24.71 19.28 0.0l

NleeBYTH2. 2B, 3.3.3 TERXRLUBMSEINEELXH W2
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Bhke B irs,
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¢t (b) IZRY. HEOMBELTEESWH I ZF A TE ZHT-80 #H WV
Teo CTOWMEBIZBNT, AP AFFEITK20kN, KPR AYIM
hHBHEH O PRIETHZ. £ HRBRANOAKRFOBETEEZE ¢
Fig. 5.1(b) W/ART KD ICHERRO LMIZLEMEZRL F CTEHEL. 2
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RREZBIT2RbH0HIEE3.3.3 LABICEY - UAZBL(H -
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LR chuck N\
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ole for fixing Restraint beam LYoo
of\c:wuck { §
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o8 ! (b) Detail of fixing of chuck
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__.__._% A
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3
o
7 Restraint plate
Side view

(a) General view

Fig. 5.1 Shape and size of U-form hot cracking device used
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High speed camera

Microscope (X10)
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Trailer shielding nozzle
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exchangeable

chuck Back shielding

nozzle

Fig. 5.2 Shematic illustration of device for
MISO technique utilizing tensile cracking
test with U-form hot cracking device
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Specimen

Lshaped l Restraint
gf;ﬁ' dble weld bead

(a) Setting specimen to L-shaped
exchangeable chuck

Specimen
/

/ / 0 ﬁ/BOI(
I

Vi : !
/ |
4 Welding direction [
/ Arc start

A Crack l
4 e S R SR T L L L TP ETTEET N .
L shaped IR D A I ) ) @
EXCMWD‘E S e e S S sl SRR [
chuck \We!d metal [:
o 13
(Bead width = about 10 mm) 137

Restraint weld bead

=3y
‘2

| \W//// L / Thickness  2mm

J

40 50— 30—

|

(b) Shape and size of specimen

Fig. 5.3 Configuration of specimen and its
setting to L-shaped exchangeable
chuck for tensile cracking test with
U-form hot cracking device
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Welding direction

iRegion of restraint weld bead Region of restraint weld bead,

[

T 10mm

(@) do=1.7mm
1o ey i
egion of restraint weld bead.

(c) do=25mm (d) do=3.0mm

Fig. 5.4 Appearance of cracks in tensile cracking
test with U-form hot cracking device
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Tensile cracking test with U-form hot cracking device
SUS310S(C), 2mmt ,70A,14V,0.83 mm/s
T 1 T T i T ' T T

30

dat70s

28
15.0x10° mm/s

AN

26

£ do=25mm Crack initiation
E

2.4} ]
R I Crack free

; | -3
Crack 9.4x10°° mmis 1

S 22+ NS )
o L
% 20 do=2.0mm Crack initiation ]
D [ -

6.8:(10-3 mm/s
1.8 .
B dp=1.7mm

/——‘—__—~<——_— [
1'6F Start of welding -]

I o <
026 35— 7 . C T N

0O 10 20 30 40 50 60 70 80 90 100 10 120

Time after start of welding,t (s)

Fig. 5.5 Change of deflection and deformation rate with time
after start of welding in tensile cracking test
with U-form hot cracking device
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INT 3.3 fER A>TV, COEKIXABETHVWRURSEINNEGE
BIURAREETHDO TP WEEBILIEZ LXKV ERERET LD
RKELSEL =,
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5.3.3 I/ 0OMEREEE </ OTHEROERM

SUS310S(C) iz U T BB NBREL ZWERHE (do=1. Tom) & K T7EE
BB NBRETBRME (do=2.0, 2.5mm) CTREEITZ-> -BEDHEEH
B oDt EMISOEIZKVAIEXNREFHMNETCOEERE EO
Bir% £ &£ CFig. 5.6 7. BEFNBRELLZVWERAETO SIEH
BTRUEEDICEHRBORE L ML TnwE, t=70s {1 THRAHE
AU, XOHESERTLIE EEEPL TV, ELT. ERT
RURBBENSRETIRNETO SEEBEINSREEL LWHEGLH

Tensile cracking test with U-form hot cracking device
SUS310S(C), 2mmt, 70A,14V,0.83 mm/s
v T ¥ T T T T T M

1.4

B ¥ ¥
Crack free |
Crack .

Strain rate, £ (%/s)

A
l} initiation
0.4

0.2

0 . 0-/'?’ n . ] L 1 N 1 i
0 20 40 60 80 100 120

Time after start of welding, t (s)

Fig. 5.6 Relation between time after start of welding, t
and strain rate, & (do=1.7, 2.0, 2.5mm)
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Tensile cracking test with U-form hot cracking device

—_ SUS310S(C), 2mmt, 70A,14V, 0.83mm/s

w 12 v T T T T T v T T T - T

g . do(mm) 1
o L o 1.7 4
9 10 ___________________________ ED\D A 2 O

x \ N o 2.5 1
o 8 rdi Crack \\\\ -
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A1 Crack

% [—/— —————————————————— ‘D/ 'A‘AAA\ 5 I} ir:g(i:ation

< B e Crack free N AAA \ =
5 Crack /E/ \ .
S v a 0O

g 41 dj/} ot O‘Qb'OO\ \A h
— od e ns =Y

2 08 o o X

o 2F e P .
c - } 42/0 o‘o \ i

O O \

% OOQ% . 1 1 1 . I o W

. . 4 N
0 20 40 60 80 100 120
Time after start of welding,t (s)

Fig. 5.7 Relation between time after start of welding, t

and mean deformation rate, d
(do=1.7, 2.0, 2.5mm)
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Tensile cracking test with U-form hot cracking device
SUS310S(C), 2mmt, 70A 14V, 0.83mm/s
8T T 7 T T T ]
:t: @ : Crack ®
;‘_’ 141 O : Crack free ((E)maxis plotted) ]
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Fig. 5.8 Relation between initial deflection, do
and strain rate for crack initiation, &i
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Tensile cracking test with U-form hot cracking device

SUS310S(C), 2mmt ,70A,14V,0.83 mm/s
e W7 777 7
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Fig. 5.9 Relation between initial deflection, de
and mean deformation rate for crack
initiation, di
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Tensile cracking test with U-form hot cracking device
SUS310S(C), 2mmt, 70A,14V, 083mm/s
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Fig. 5.10 Correlation between strain rate for
crack initiation, ¢&; and mean .
deformation rate for crack initiation, di
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SUS310S, 2mm¢,70A,12-14V,0.83mm/s
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Fig. 5.11 Relation between critica} strain rate
for crack initiation, Eic and critical
deformation rate for crack initiation, dic
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