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Fig.2.3 Microstructures of nodular graphite cast iron welds with DFCNiFe
electrode ; welding current 120A, welding voltage 25V. (a) Nital etch,
(b) Aqua regia etch ; both photos show the same parts
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Table2.2 Chemical compositions (mass %) and tensile strength (MPa)
of cast irons

C Si Mn P S Mg | CE. T.S.

FCD400 | 3.61 265 048 0.024 0.01 0.03 4.49 406.7
FCD600 | 3.55 279 047 0.024 0.01 0.03 4.48 605.6

C.E= C+Si/3

FCD 400 S0um FCD 600 SOum,

Fig.2.5 Microstructures of FCD400 and FCD600
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Fig.2.15 Examples of microstructures of synthetic weld
heat-affected zone tested in the Fig.2.14
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LR EINE &1 f%éV?754bﬁ%K%BLT\@ﬁbtﬁ%%ﬁ&
76 é%6:ATS/S%@A?W%BZ\&?*:EE‘@E?’HT%7)1/ HHVWE Y- s EE, ¢
— V7 MECBTLI2RFEHFEELEX -EBEBEY AV ES L, $8#0oMs B L UC
CTHIEDWTHRH LAHEZ B2, CHODKRIHERICLY., $8%OHAZMA
MBI AHR LB LI LN TE, RETIH., BRREGHES B EST O I B
EFRE L. WRFARB 2T o ROV THBRB,

FHREIERENLDPRI DR TVHE L LTHS R, BESBICKNT LB .
BEEMELTHDODOULT VDS, FHEEMR T OFREMR STV T O HLs.21.32,
BBAASSLINFZ NN, WT N OBEHERC T RMERBEIC L o T, FlERS
eROZEDTHD, HKBEOBERFIIBVTIE., BH~NOBEHOEEIZL ),
WERBEIEAME LD TWH L, ERTRET 2L ELMFHESALZRE TR, &
BERETICHE > THRTFBICHEIGDDIRBEL, RLACHALTOWLL I L LR B
N, EBOBEY BT I2EBERTCETIHHBEIEN., BLXUOCoWERHIZ
SE2RBENEHUAT L2700 WHEENRBEL LT, EILICIIBERESIL
7ZRR C# B (Rigid Restraint Weld Cracking Test) 725% 5129, #1244 2
HWHRENKBROBE LV, SN TARRCABBE A YL v, bT
L BHROBERET KRB LT, WABBEECARBE 2N HT. £
BUHEZMNALTHERISHEE TS, IR 2B L2MES OmE DD 2 45,
MRBATHHZ &, AT, F40s TR ZLEVWI LR Y, EHEBREBEED
HpoTwbEEZLNRB,

HETERZZES, HREBEFHEREL2 AT L0, BHESEHOARZERE
MIZVFT 774 PRBPETL2 8, REMOBEI & IHBYICELZLbDER S,
EORHBHROBMMWMELWHENBEE L, REMEEL>TVEHSLHY, RRC
RBET) LI, BHRBHEBRFOREICHNORMLRHEFRRE., LV EBD
BEICLEVWRETRETEREEZLNRB,

ZIT, ABETEHRKRERGGHLBH L L, RHHBEE7 — 2 % 8EHE (D4301)
B L UDFCNiFeZ IWTT7 =7 EEE2 o a0, P ICB T 2 AR B &
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B DFEAERE, BWIS D LI ETRIF LA, €52, DFCNiFe? W THRH
H#EEZBE0. WAICHOFERR., KWL B X THEHBOMBIcONT
B L, $HOBFBHACETIERY T -2/ T, ThOOMRLE T, &
DEBENBEROFELRMEATHEIL Y Lz, 28, D430 1TEHSA L L THilR &
NTWAHELDT, FHBEBCRBEL TR EZVEEZOLNLGY, HEEOBEWVETO
HHOWBEBEELRETHVLALZ LD, KBOBRTERICH L 72,

3. 2 D4301 & L U'DFCNiFe B## & Auv IR BMBH B EYJF ONHEATE
BRIRESR S D EAMITEGMM B TH LN, ML VEHPIEEHETNRDCA,
BROBREZ o TEBPICHBLTHEL, #l21F, BEERP BRI HRKM
sy BEEIRLoAYHELAET S, KRABFHEMRT O
BB ICHET AR, —EOEBES O BHRE O DH S A, RIRE Sk
ODEERFORNMBRCETAIRERIRLAALL 2V, KH TR, RRBBHFHKOK
BERFOINMARERIT L., FESOBELSZICLHEMRELET 5,

3. 2. 1 {EFEAMESIURBRRETE
AMOEBETCHW-RRESRES JISE 4L EFCD600H Y M) BLUTBREROHE
EEBOLFAE L B MHE £ Table 3.1 2R 7,

Table 3.1 Chemical compositions (mass %) and mechanical
properties of cast iron and electrode

C Si Mn P S Mg Ni
FCD600 3.54 213 0.56 0.02 0.01 0.04 --
DFCNiFe| 099 0.28 1.90 0.007 0.002 - 54.34
D4301 0.09 0.08 054 0014 001 - -

T.S.MPa)  E(GPa)  Elong.(%)

FCD600 609.6 166.6 4.1
DFCNiFe 520 -- --
D4301 440 -- 31.0

B ST be, THESHEARTHEEL-KHIOX45mm, £ &500mm O FH
Brb,.3SsmmAOEFEHERKCEEM T L TREB & L, BEEREIYRE
L. BEAE 0L L. BHMOBMBEAMEI2EBLRABO T VAT AHMBKETD
5
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Fig.3.1 Setup of specimens for measuring contraction of weld joint
during cooling ; arrow marks of the right hand specimen
indicate the restraint to avoid the rotational distortion

V= FRBE 2mme L, BEEHHL20BHABHE TORME 600mme L7~y
THORBROBEECIC, HEE3ESTAMBICTHA S BB AILL 2 14
%%H\@@%ﬁﬁyF%ﬁ%KﬁﬁTéliﬁ\7DXW~7wwa'Mﬁ%
ﬁwﬁmmw%zmhybbf‘@%ﬁﬁ%ﬁw%*bto2@@%%%?%%n
PRI ATUDS, REFRBIEBT2EY FEOBRY A 2 L ERE L. GO
PHEOLLENIEE LD, HAETMREREMICT £ b > 5B LERE w7,

BELIZEHBEITD) 12 DB EE
S5 1 B SR T (2 D) o 1 7 Sk gk Table 3.2 Welding conditions used

¥ THMIC., 2RERY Smmd ¥ Coated electrode D 4301 DFCNiFe
— KB, S05 THITERS Heat input (Ml/m) 2.7 2.1
45
KTH52CHYBA%d o, Bead length (mm)
Welding speed  (mm/s) 1.67

Table 3.2 ICHE LB 7T,
3. 2. 3 BRREMBEUBEHJFONEEBORBT(
Fg&lﬁﬂ%i@ﬁﬁ%ﬂﬁlﬁﬁyF%ﬁ%@@ﬂ@ﬁ%ﬁ?o@%u&f

WMETBEBLAN, BB FsRME0E Sy — NERBRICAs 2B R E LT,
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£ 800 §
0 OB AR0.21mm S .
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Li-tk,. BUBR»C Cooling 400
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WA LT Ko WA 1 10 102 10° 10
(21313 120.3 7 mmi] & D Time after start of welding (s)

—EHEE R o7,
v 2o " Fig.3.2 Progress of contraction of weld joint with
LA & 72 O By B B9 & 600 mm of measuring distance
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. . Fig.3.3 Contraction curves and cooling curves of weld
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L7z,
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RO%EAE. 30.8%. Da30IFEH OB A35.1% ThH o7z LW o T, HIBOHES
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3. 2. 5 BEBREECIEEOHR
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Bl 212, AT, J3EEAZ 2.7MI/mD D4301DH12.5s . 2.1 MI/mDDFCNiFe
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- - Fig.3.4 Relationship between temperature at the
(2 120.02mm® LA L 273 LT weld bond and the contraction of weld joint
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WEEEYH, KERICEPSE2BY A 2 V25 2 BBRERE RO, B5
Nk REFig.3.5(a)B L U(ONIRT, mEMBEEIZ1373KE L7z,
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Fig.3.5 Dilatation curves of deposited metal with
(a)DFCNiFe electrode and (b)D4301 electrode
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V= FEEEBEOBELEBER THHI., TOHTZEBEOFig.3. 11 (B L0H 5T
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3. 3. 1 RRCHRAFE

KB oOME., BIR, T8, BESG. BRAEBITERERNEEZ2 SR TART
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EEMTUBVWTLEONEMABETBIVEER SR 2EI T, WHL%
MxBENEWTL2IELEDTELDIOTHY, HEWEW245kNTH 5, BEEIC L S
BEK. AEELB 20, KB 2 REOFig 3.6lR”T L) CERECEEL 2,
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K=EXh /1l (3-1)
22T, E : MEHMERE. bt RE. 1 W

ZEHE T 5L E=167GPa (Table 3.1) . h =35mm, 1=600mm Zx LT, K=9.72
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WAHBBERES . T analysis

L B ERTIHERICR Thermophysical properties Mild steel] FCD
L7ze RIRE M E D | Specific heat ¢ :Jikg - K) 535.6
BZEEIZOW T, | Density :p kg/m’ 7,790 | 7,150
vk % B 7S 2 o | Thermal conductivity :k : W/(m - K) 61.09 37.66
72728 BK@ O E'?Y | Thermal diffusivity K :m’/s i‘:gfs 3185% 6
EAH L. BAREAH Heat transfer coef. :H: W/(m2 - K) 2261
EWHAKDORYE L\ | Coef. on radiant heat  :a’:s 6.193 6.748
YL, WHREEO a=(Hcp) - (§/A)| x10 " | x107°
WA s EE o&Ess iz | Heat input :q :MJ/m 21, (1.6)*
S TR ETLEMETH D ., Thermal efficiency of arc :y 0.8

B e v 7o S gR gy | Linear expansion coef. :a 110 °/K 12.3 12.0

% : Value for mild steel weld joint used by Satoh et al'!”
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PRT. BEBIEHTEAER LT, ¥ XTCHHKD DFCNiFe (B 4mm) %2 Hwi,

Table 4.1 Chemical comﬁositions (mass%) and tensile strength
(MPa) of cast iron and deposited metal
L Si Mn P S Mg Ni T.S.

FCD600 355 279 047 0024 0011 0.03 - 605.6
DFCNiFe| 099 028 190 0.007 0.002 - 54341 520
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Fig.4.1 Microstructure of
cast iron used
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Fig.4.2 Size and shapes of implant specimens
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Fig.4.3 Size and shape of backing plate
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Implant test of FCD 600 , spirally notched
Backing plate : SS 400 Backing plate : FCD 600
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Fig.4.5 Macrophotographs of welds : backing plate SS400
(left) , FCD600 (right) , heat input : 2.1MJ/m
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Bn-EEREARNIC. X Table 4.2 Welding conditions used
RMTHEH» 52O %2 3 Welding speed (mm/s) 1.67

B el e Bead length (mm) 50
s BRBFRY FEHI Heat input MJ/m)| 18 21 24
MY+ 2MEBIZCARE Welding current (A)] 120 140 160

$(0.3mmg )AL o
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2 127350 bPERBRER

Table 4.3 Cooling time from
1073 to 773K at
partially melted
zone with vari-
ous heat input

Heat input ATs/s
(MJ/m) (s)
1.8 3.9
2.1 4.5
2.4 4.9
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Table 4.4 Chemical compositions (mass%) and tensile strength
(MPa) of nodular graphite cast iron and deposited metal

C Si  Mn P S Mg Ni T.S.
FCD500 361 265 048 0.024 0011 0.03 -~ 542.2
DFCNiFel 099 028 190 0.007 0.002 - 5434] 520

Table 4.5 Welding conditions used

Welding speed (mmy/s)
Bead length (mm)
Heat input (MJ/m)
Preheating temperature (K)

1.67
50
2.1

Room temp., 423, 573, 723
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Fig.4.11 Schematics of preheating
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723K preheating without preheating
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Fig.4.14 Microstructures of welds with and without preheating
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Table 4.6 Maximum hardness and penetration at each
weld shown in the Fig.4.17

Preheating temp. (K) | R.T.| 423 573 723
Max. hardness (Hv) | 810 | 815 708 590
Penetration (mm) | 1.2 1.6 2.8 3.0
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Table 4.7 Chemical compositions (mass %) and tensile strength
(MPa) of cast iron

C Si Mn P S Mg | TS.
FCD600 | 3.54 2.13 0.56 0.021 0.011 0.03 611.4
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Fliks, I Table 4.8 Welding conditions used

673 & & U573K#k Welding current (A) 140 Heat input (MJ/m)
BOBSIE. &1 Welding voltage (V) 30
%6 G Welding speed (mm/s) 1.67 2.52

Al 2 (2 E L7 R Bead length (mm) 50
HT., fiEDEH Postheating Room temp., 573, 673, 773
LR EIMES temperature K) two _layer welding

Start temp. of 473
Mz ie 727220, postheating (K)
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Table 4.9 Chemical compositions (mass%) and tensile strength
(MPa) of cast iron (C.E.=C + Si/3)

C Si  Mn P S Mg | CE. T.S.

FCD400 | 3.61 2.65 048 0.024 001 0.03 4.49 406.7
FCD600 | 355 279 047 0024 0.01 0.03 4.48 605.6

Table 4.10 Welding conditions used

Heat input (MJ/m) 2.1
Welding current (A) 140
Welding voltage V) 25
Welding speed  (mm/s) 1.67

Bead length (mm) 50
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Fig.4.31 Microstructure (left) and SEM photograph (right) of
the fractured part of FCD400 by the Implant test
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#F 12, D4301

B £ U'DFCNiFe
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1% & L7, TableS. WCRTEMEBAEL T.0~50%Ni.0~15%Mn% & tr,
4 6B B OFe-Ni-MnR & £ #800g% . BARFEF CARFTEMRL TERET- 72,

Table 5.1 Chemical compositions of base metals used (mass %)

C Si Mn P S Ni
FC 3.48 1.68 0.38 0.035 0.02 =
SK3 1.03 0.38 0.95 0.020 0.016 R
FeMn 0.97 1.36 75.50 0.19 0.006 .
Ni 0.01 - = o = 99.97
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Fig.5.3 Schematic drawing of loading test apparatus
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Table 5.2 Summary of experimental results

o Chem.1c.a1 Tensile | Thermal | Solid. | Shrinkage
Test| Set % compos1t(1)0n strength | expansion | temp. rate Hardness
No. (mass %) coef.

Nil Mn| Ni Mn C Si (MPa) xX10- 6/ K| (K) (%) (Hv)
1| o o] o1 092 096 048 *313 72 1685 244 564
2 0 5 0.08{ 5.37] 1.83] 0.79 *162 220 1583 3.20 448
31 o) 10| o010 963 204] 104 *145 20.9 1551 3.00 484
4] of 15} 009 1375] 252 099 *77 16.5 1465 3.04 547
5 5 0 3791 0.92] 0.89] 047 *304 16.8 1683 292 316
6 5 5 4291 5.15] 1.52] 0.62 630 27.2 1618 2.88 310
71 5| 10| 444] o944 185] 092 *571 238 1529 3.20 357
8| 5| 15| 466] 1350| 260] 1.09] *36 19.8 1455 3.20 529
o 1] o] 1007 087] 095] 049 *489 25.7 1676 2.96 297
10 10 5 9.59] 5.151 143] 0.71 716 25.0 1618 2.94 304
1| 1w} 0] 988 937 221} 082 *481 26.5 1529 3.12 364
12| 10 15] 1017 1326] 241 1.08 *388 235 1484 3.18 465
13f 15[ o 190 o83 1.01] 053 *531 25.0 1668 2.96 256
4] 15| 5] 1393 s04 152] 104 646 27.2 1602 2.82 301
150 15| 10] 1433 870 223] 0380 784 19.4 1524 3.09 349
16| 15} 15] 1517 1353] 204] 120 668 27.9 1410 3.28 365
17f 20 o [ 1905 078 094] 050 657 25.7 1670 2.78 245
18] 20] 5| 1856 491 166] 0.63 778 23.1 1594 2.31 298
19| 20} 10] 1791] 891 205| 1.02 *466 2.8 1537 3.12 366
20] 20] 15| 1867 1280] 222] 125 *588 22.6 1501 3.20 424
20 25| o] 2307 o72] 099 055 761 22,0 1662 2.70 266
2| 25| 5| 1988 479 1.78| 083 820 27.9 1572 3.00 310
23] 25| 10| 2174 875] 223| 1.13 821 2238 1506 2.95 396
24| 25] 15| 2137 1257] 281f 1.18 *488 23.5 1431 3.04 464
25 30 0 2645 0.68] 0.98] 0.53 732 20.5 1658 2.68 329
26 30 5 2382} 4.69] 183} 0095 806 19.1 1565 276 338
27 30 101 2389 838 215] 116 *561 19.8 1520 290 461
28 30 15§ 26.15 12.36] 2.66f 127 *467 22.0 1435 2.96 419
29| 35| o] 2093 o064| 1.02] 057 713 11.6 1651 2.26 266
30 35 5 26881 4.59] 1.60f 0.88 746 18.3 1587 232 333
31 35 10 | 28.160 8451 256 1.40 *510 19.4 1466 274 395
32| 35) 15| 2080 12.16] 260} 1.21 *560 15.0 1454 2.72 383
33 40 0 | 3448 0.60] 1.18] 0.60 606 6.5 1644 2.08 243
34| 40| 4| 3469 441] 142] 087 721 16.4 1605 2.03 255
351 40| 8| 4131 795| 2.14| 105 783 17.5 1542 2.14 331
36 | 40] 12| 4384 1277] 2.10] 111 714 17.8 1526 1.88 278
37 45| o | 37200 o.56] 1.08] 063 664 7.6 1638 2.04 253
38| 45| 4| 4077 444 148] 0387 757 19.0 1605 2.00 277
39| 45] 8| 4100] 838] 1.94] 1.03 673 153 1556 1.75 299
40| 45] 12| 4315 1223] 211] 112 783 19.1 1525 1.90 315
a1 so] o 4177} o0s2] 1.03] 0.60 1048 11.6 1643 2.10 248
42| s0] 4| 4334] 443] 166| 094 661 20.5 1592 171 292
43| so| 8| 4813 817 208] 1.10 626 16.0 1543 1.52 276
44| s0} 12§ 5147 1222] 261] 126 805 19.7 1492 1.70 333
45| ss| o | 4406 048] 10s5] 062 *631 10.5 1641 2.06 245
46| 60| o] 48300 o04s] 1.06| 0.60 *721 16.1 1638 2.20 226

* mark shows the strength of the specimen which
was fractured under loading test during cooling
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Fig.5.15 Some examples of microstructures of the specimen
and SEM photographs of fractured surface
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weld metal obtained in this experimental work
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rBAEFEFCRAPBHBL, FHLA223., SREAHEHESR LSO IZ
(% £105mm.[1#85mm) &, €BEMMA 5012 (M HEZr0,65%,510,35% % $110mm,
AW&ES3mm) 02 HWHEHTH 5,

Table 5.3 Chemical compositions of base metal used (mass %)

C Si Mn P S Ni Fe
Cast iron 348 1.68 0.38 0.035 0.020 - Bal
Pig iron 4.55 1.14 0.14 0.067 0.014 - Bal
Pure iron 0.005 0.005 0.004 0.004 0.005 - 99.97
Pure Ni 0.01 - 99.97 -

Pure Mn 0.007 0.006 9994 0.005 0.025 -- --
Fe - Mn 6.81 0.10 74.2 0.112  0.008 - --

Pure Si 0.03 987 - - - - 058
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5o Mni 36 %% HIEME & L7245, 4.58~6.37% & 2o Tz,
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BEEREE R, 1438KE 2D, FHOoRERLHIEE (1426KD) Kilv, EIED
RREGGHRBEMKTFONREORBEMICH T E2ELEOE (3. 2. 4H) T,



Table 5.4 Summary of experimental results

Chem‘,ctf‘l Tensile | Thermal | Solid. | Shrinkage
Test compost (;on strength | €xpansion temp. rate Hardness
No. '=======(mass 0) coef.
Ni [ Mn| C | Si| (MPa) | X10-6/K| (K) (%) (Hv)
1 35741 4.72 1.01 0.72 *50 9.41 1606 2.08 231
2 36.53] 4.58 1.05 0.67 -- 9.04 1613 2.03 232
3 3643 4.81 1.07 | 097 589 10.67 1594 2.00 242
4 3879} 5.95 1.08 | 2.99 *529 14.38 1528 228 269
5 3531 4.86 1.11 1.00 *406 15.19 1602 2.32 244
6 35.21] 4.81 1.12 | 0.61 *310 11.04 1594 2.19 218
7 35.64] 5.5t 1.19 ] 231 630 14.89 1552 2.20 268
8 37.07] 5.26 1.22 1.61 580 14.08 1577 234 257
9 36.36| 4.88 1.67 1.00 727 12.52 1557 2.51 310
10 | 37.66] 5.28 1.69 | 2.38 *519 14.08 1500 2.47 350
11 | 38.61| 5.31 1.74 1.62 747 12.52 1530 247 310
12 | 37.36] 5.12 1.74 1.65 705 13.12 1534 248 308
13 ] 37.78] 5.85 1.77 2.87 *295 16.97 1471 232 356
14 | 35.60] 5.62 1.77 0.69 924 12.52 1557 2.19 348
15 | 3776} 6.16 1.88 2.98 *534 14.38 - 2.16 363
16 | 40.35] 6.09 1.88 | 3.06 *405 . 9.86 1449 2.04 396
17 | 3746 5.58 1.89 1.70 740 12.60 1508 231 329
18 1 38.61] 596 1.91 2.28 830 11.71 1472 227 362
19 | 3942] 597 1.92 3.01 *476 13.41 1438 2.28 399
20 | 39.93] 5.84 1.95 2.89 *521 14.52 1446 2.09 417
21 | 3561 547 ] 201 ] 092 696 14.01 1516 242 344
22 | 36.78| 566 | 206 | 1.03 811 13.78 1514 2.36 373
23 | 39.63] 6.04 2.08 3.04 716 10.89 1439 1.99 409
24 | 3757 6.17 2.08 2.35 757 12.01 1449 2.11 405
25 ] 37731 562 ) 209 1.62 778 8.45 1488 2.43 368
26 | 3958 6.03 | 2.11 1.65 *420 9.93 1492 - 2.24 358
27 | 38.15] 547 ] 213 1.68 794 - 1477 232 381
28 | 42271 572 2.18 1.59 *408 12.38 1494 232 339
29 | 3999 5751 219 | 225 453 12.75 1454 234 383
30 | 39.85] 616 1 222 | 292 *274 9.64 1444 2.04 423
31 | 3649] 561 | 224 [ 1.69 818 9.27 1479 2.40 377
32 | 3707| 552 | 226} 116 686 - 1490 2.22 378
33} 3736| 576 ) 227 1.0t 508 11.78 1504 2.40 390
34 | 3824} 596 2.31 227 633 10.89 1458 224 387
35 | 4080 545 234 | 292 *475 14.82 1438 2.00 401
36 | 36.56] 5.84 235 1.10 834 11.56 1469 242 417
37 | 3809] 582 ] 240 | 2.86 *420 12.67 1448 1.93 403
38 | 38.051 5.63 243 1.57 479 11.71 1467 2.19 399
39 | 40.14] 551 246 | 0.90 *325 15.27 1489 2.34 388
40 | 39.63] 5.76 2.48 2.15 818 12.38 1465 2.25 417
41 | 3735) 588 | 249 | 095 824 14.15 1480 2.24 459
42 | 3959| 559 250 1.12 532 12.23 1460 2.00 395
43 | 3838} 5.71 2.56 1.63 340 - 1475 -- 405
44 | 3820] 5.63 | 261 225 *253 14.67 1459 1.82 377
45 | 40.93] 6.01 2.65 224 *421 14.52 1460 1.91 391
46 | 4091 5.52 2.74 224 569 15.93 1459 1.89 392
47 1 3898 547 ) 2741 274 *188 16.45 1450 1.92 461
48 | 39.83] 583 2.80 1.68 *511 14.82 1567 1.83 408
49 | 4421} 6.37 3.18 2.56 *238 16.82 1449 1.93 196

*mark shows the strength of the specimen which
was fractured under loading test during cooling
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Fig.5.21 Thermal expansion coeffi-
cient from 303 to 573K for

various C and Si content
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Fig.5.22 Vickers hardness for various
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5. 3. 8 EIREBRIBONXFIEMBEARS

FloRABREE, 5. 2. 9WHEMMRIC, TEE 2 HEHAE 2 KBWICH20s BT T
BES ., CEWMBRE KL, BREAROEHEFig. 5 230 R T, &0
RAICHTFLR LAl o T, SIRMEI L., EHRIFTLRLAEZT > TCHEME
Wms s L) EELE, IF () ofioBEZERESERL. () N
BEAEMAPCH ., HRISiI%ERT.CEBLUSIBEDALVWHAB T, y OB #E
REOEFEAHBETH L. SIEFEMY 21220 Ty ORI OB R AW B
b, T .CEFEMT ALy DBMERGHCRIAWPHEET L LI TR B, &
b2, 2.4%CU LEBIT1.5%SiLEEELHE (AB%ES 138.40.37) Tk,
y DR AARSBICIHKREBEHERPHIPVCESRIFTEETIHBL 2o TBD, X LMK
BIELTWB I L0525,

5. 3. 9 HWEOSEMER

Fig.5. 24 BHDOSEMER2RT. CEB L USIEBOS 2 VRN (RBES
5.8.6)TiE, BEEICROND LX) B T4y 7TIVEBEROEMBE & % > Tz,

1.1%CHRI & T2.3% L LS iZ B CHBR.CB L USitl.6% U E&EGHES
TR, BEDIILZHEANEZHABPEE2ELTVSE, CEM.7T% U Lo iciz, B
BABENTVWEDONBESRS,
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5. 3. 10 AXRBRILSUBCESIUSIBENALFEHE

DEOEBRFBERLD, 38UNIBLT6UMnr HIEEL LEBAOHKEBEEESE ICH
YUY 54540, FIRMS, BRERE, BRRRBBIUTE I LHEH IR LK
£, Fig5250 Fy FCRTLILCEBLUSIEDOHE EHFP %1572,

.‘o\'

Fig.5.25 Adequate C and Si content area for cast
iron weld metal with 38% Ni and 6% Mn

1S55KELF & L7-BERE X, DFCNiFeF R H W BA 0 BEIERE O K CE
1638K& D83KE W, HlERIM S 1ZS00MPall % 1 SI8MT/R L., B EIEHVv400LL T
WM TR L7, 303~573KH OB RARE T, 15X10/KUT 2288 TRL
oo FRAS, Sim2 %RBETIE, CEIF 1.2~2.5 %0#H. C &2 % EE T, SiEid
EBROLSHFW0.6~3.0%)THEHIEL R 5,

EZAT, —RRICEHRKRBHMFGEITIE. 3.2~4.0% OC, 2.2~3.0% DS id* &
THhTWBHD, LAaFoT, BMBETLOBAEE30% LT HE, BEEREICE
BML O, Cld0.96~1.2% . Sil0.66~0.90% FNENBFEALI LR B, TD
CELEERTAE, CNETHENRLZERERPOFGHEER L L TNiI®Z54% . Mn
29 % & L7HE. 0.4~1.85%C, 0~3.0 %SiD#HHAIT L v Lith b,



5. 3. 11 CEHIUMNEIC & 3485
CHEITCOHELL, GHHABESRPORFTEL T, SIDFEHHAI0~3.0% &
)T, COHMMAATHEHSITEHBELHAELEZSTRVWILEEKRT 5, £2 T,
Table 5.4 DHEREHNORE, $42bHL5EC BIUMigEr bR LTALI LET S,
Table 5.4 %3 C. CE MnEOEME L L TR L2 ED., Fig.5.26TH 5,
5.5~6.2%M n® & B 2 £
LTWwaZ el arb, NH@ 3

HHob D3, 5k 2 #°500MPa © O.
UTéehotTwiz, HEOHHN /ggw%
(325~476MPa)2 &, RIH D 5 ,/ 8@9 gg
_ oo
M cBEbR7ZES(1.0~2.5 _ c/> 00 P e %
%C.4.8~6%Mn)D 5| iEH = ® \
O
BAEL, CE EMnE ICBE % o\\ ©co U
1k ®
BHOEET LI EN) 2
o LAL. KEDEERTIX, over 500MPa (O
CBIUSIBEDEEBOKRT » H less than 500MPa @
| 1 1 1
M & L. Mok % SR L 0, p p .
EETVwRVRD, F-IRLE Mn (%) |
DWBFHHB, £ T, REIL Fig.5.26 Tensile strength classified

BWT.,.CB XUMnE % £t &

by 500MPa for

various

C and Mn content

T AEEMBEEERL, B
BhABELITHILICLY, CE
B L UMEOBIEFEI 2 e L 72

5. 4 % B
AT, RRESHROBEINERO DO HEE LT, HEEERY LT,
GEBELEH L ARRART AR BO RN TR L, HH SN T BF e
NGk QWA S EM L. Fe-Ni-Mn-C-SiRABGBEHEL AL, &
AR FEGRIF CRATERL . Ot BHATCAMRAMAS AL L
WCERLLDEBMOMBGRICEEL, STOKTELL, A 77 PRAEBRICEL
FETAMENML. RESECHYT 2 400MEL S CCBER LR L7,
PF, BORARRELENTLERD LS CR 5,
(1) #ECLoTHBESEABL BT 2ALBROFET, BEEEOHHR
OB R EET B C LATRETDH 72
(2) NiEFHRLTOEESROBEREESE ) ZLE VA, Mo 2502 5
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13% 28 d % &, BERE L, 1680K FE 5 51430k GBI ICET L 72,

(3) NiZsSHEEUTEOFe-NiA S THITOKBELF TV F 4 4 b £ fE
WEHZHEREBERIEZDD, ZLOWHEPBRMI NG, ERONHBEFAKE VLD
ZOMREIDEIVHHETE 2w, T2, MBI~V T oA R )WLR D, L
P LI0B% L ELONBET A LMLy O WERBHEBEE 2D, BXRETT S,
(4) NiZ30~40%BHT L L, WHEBIUVABERERF NS R) ., BHES
BOPRMEZRI S ECLDODIIAHARNTHS, —H. Mok IMEA L TiEd 225, UHE
BRI S B HACIAF D, £/ Mk 12%REN E&AF5 L. 5 X4 Hv400
DIEZRY Mo i3 EBRA S %,

(5) Ni%¥0~50%.Mnx0~15%.CB LUSi%*1%HEE S LGFe-Ni-Mn-C-Si
REBEBEOOME L LT, 5IRBIIS500MPall £, BEEMRE A1 53106/ KL
T WUHEEREA 2.5%LLT, B AT Hv400B LT, BENRE S 1555KB P2 2 Fhl
FHipE L CERERELHAN T2 L, NiE 13290~42% . MnE (34 ~8% O FH % &
W kit b, ‘

(6) Fe-Ni-Mn-C-Si REERSBEOBEERELHFHKIEMNILIDICER. C B &
USIDMMENFZVWIEELARTH 5,

(7) CEBIUSIEMBUTOEEOMEBIE. y OBBERE T, 5IERMEIZ
FAVIVEBROEBRBEE E 2 0EKO PV, CEFNEMNT AR LN 2T, y OM
BRGECRICDIELET L LI AP, TOLEOHMIT, BANSHEBE@E LY,
WL R AEMICH A, 27ZL.CE EZ3BUEBLIUSIE 22. 5% L EECHBT
. BERABCZEOHMLZESRTEHA, RIEUFIADOLNTHL P (2> TH
D, BliRME 3200MPafi R L 85 o TWwh,

(8) Fe-Ni-Mn-C-Si REBREGEOL OWEH L LT, 7l5kM 4 500MPa Ll I,
B RARASISX10 /KT, M EAHv400L T, BERE 1555k T2 22
NEEHEE L TEBRER AW oL, BHESEHTICBITANIE £38% . MnE &
6 %ICL72HA, CEIZ1.2~2.5 %SiE L 0.6~3.0% DEHA LV &EITh b,

HEDORRERNFGOMK L EERL, BMRTEOEALEEI0% LT L &, Hk
HESHBEE LTINiZ54% . Mn29% & L72HA. 0.4~1.85%C, 0~3.0%S i & [
PEnwZkilh b,

(9) kit (8) THLNAKMEXCEBIUMiECEH L, 55K S500MPall L
DEHEHE RO D &, BWHEBOME L LT, CEIC2WVTL.0~2.5% . Mn&EIZ D2V T4.8~
6B DEFHEONRT, L EMallCOWVWTREILTRFEIFTLETD 5,

(100 HEozitrofRE&dTse, AERTHLALRE N EORD BIF B
ERBHMBEIARD LY ITh B,



WIE ¥ B ALK [ Fe-29~42%Ni-4~8%Mn-1.2~2.5% C-0.6~3%Si

7, EBBCBVTHRRESRFHOMB L ZR L, BAELI0% LT DL, BEED
HMEIRDOLD LR Y, SisEFSELLEERV,

WIEE MK | Fe-41~60%Ni-5.7~11.2%Mn-0.4~1.85% C
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FEICBITLHE, FHBLETLIHILOFVEIEERT L, COFVEDK
BRFMBAEETHL00E L, WHTEENBECHYT 280 CBHEERE TS
D, BRBTOBRERBMEBOHEHMICELAENL, WbO®BLIESF L v
WEZT 2, BEROHFELRICBTLFERBRTE., HRBOKREFIN & EMHHT
KHIRMEZ LT TVWL0IEN L, EFOBBERFCBT2HELIT. HEKEH
BT HAMCAERT 2. COLDHALOREL TE BRI RO DL~ F
PRI, E— FRENOEREDI 22, SOLI, BMEBELEWRL S I3, §
RTRRLI) LBEBEEROMEEB LGSO HBEEBROAT, BEEO B M %
T AL CEMBEN S L ELON, EBORBEHNARRFLE T 2,

ZIT, HEDERBRBERICLI - TRDONZHMEESEL LT, CEB L UME
PR EMBE LR L, RREMSEHICH LT, HACELLAZURY I
REGEHEZEHNABEBELZH ., SRTOBEI KR LTV, BINEO B IFEMR
REHEMEA L7z S0, REBNBEHCFRAYE LA AGDLEER LT
PA

HE, LT bR T2 ENRBE L LT CTSE BB, Lehight 5l h 3t
B S E R RBE, ¥ - FTHARERE. FISCOREMRBRE THT AWK
BEANKREL VDD, CRODBBEHNRBROFMII. B CABAERTHROH
NELWETLERNLLDOTH L4, SNRBEOEEAD 20101, BEREC
ETAMEICTTEHBECTILENHLEEZOND, 2O L) LEM,LEZERS
N-RABRES, EESICELDIRRCHMB2OTH S, LA LRRCHREEEILAR
T, KEBABRCOETOMNS DY, @EL2RBE T2V,

Bl >, ROYRHERABAIOABEROTAT - V%Mo, BED B X
VHEBERTHROBEICIOEML L, BECHELHELYHREL TV L, BIEOFES
RIREMGHRICHEA L. FeR . NiR. Cr—NiRLG E 5B ORBREE LBV T,
BEANKBRZIT > ZZHR TR, TRTOERCBW T, BEKTHRIBEIE
HBESmOKEE (550~450K) KHKLTLIV, BEEOEVICL Z2HEIGH
DHEBELHBICETELR Lok, FOYRERZBEWEE SR X (120, 854

IHRABBMIC D OE MBI LT, BULEARBECHAVWEE L bR
oo Lo TARBERIBVTIE, RBRASNELSTT A, BWHBEZ2L2UBY S
WHARGEREINEBREBELEEL, OFAF V2BV LIk o THER
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WETLIHMENEZWUETEDLLIC L, AEBRIRMCTHBETIED 505, KB
PBTAERBR TR, MEWNEFICNMBEO ZE I ENL O, FRELEMAE DY
EEBRICE, HCEHBRBEORBRERE 2 H8{EL 2,

6.2 BmBEDMEH

6. 2. 1 BmEDBIFRMEK

£ 5EIZB VW TFe-Ni-Mn-C-SiRBEESE LB EL-EE0OME., ZoMMmo#Mk
AR LAKHRE.NIEBIZOWTIE29~42% v MnE 2 W TIE#4~8% A58 IF &
el THELORE, CORFBRLIUNIZ3I8B . Mnk6% & LB ADOHBEEER TE,
CEEML.2~2.5% . SiEWEMN0.6~3. 0% DB EHHAB/O NI, Lo T,
WEOHRRENGHE L AEINICEB LIUSiEY, TREFN3.2~4.0% B L
2.2~3. 0% TH ALV EEERL. BMBESTLDBERAEREZIETH L, B
T—2BERDLCIBENMEOME L LT, 54%Ni.9%Mn,0.4~1.85%C.,0~3.0
%SINBEHEL D, Thbb, BEORRENFHOBHEIBT, BT -7 &
BHEDILVEENMBEOSIEE. 3.0 TFTThhiT, FRILERTHILETZN
RERT L, AETH., EORBREEZU T, BMELHMEL, GTAWILZ LT
BHREALEBEITIZ L& LT

MZECBNT, AEESECHST A48 POMnED HEME6% & L2, EE
2 134.58~6.37% £ B o TV L EEZERLT, MnE 2 BB mMEZ/ERY
Hhlblbll, $hbb, BMBOHEMEBKL LT, Nd54% 2 HEEL L, Mng %
5.7.9BLT12%.CEBIZO2VTIHO0.1BIUP2%EELEE, Si KD2WVT
F1%RBEFHEL Lz 2BEHEBE L,

6. 2. 2 BMEOCERFES LURHE

Table 6.1 WWRTHEMEZHEBAL T, BEMROGEI2MEH L, £ 44 0.6ke,
EREEFEFETCRATRMBL, BHE, 1670~1770KDIRE T, Fig.6. LI/ T

Table 6.1 Chemical compositions of base metal used (mass%)

C Si Mn P S Ni Fe
Cast iron | 3.48 168 038 0.035 0020 - Bal
Pig iron | 4.55 1.14  0.14 0.067  0.014 - Bal
Pure iron | 0.005 0.005 0.04 0.004  0.005 - 99,97
Pure Ni 0.01 - - - - 99.97 -

Pure Mn [ 007 0006 99.94 0005 0025 - -
Fe - Mn | 681 010 742 0112 0008  -- -
Pure Si | 0.03 987 - - - -~ 058
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X RV TICER
L HETHlWw LT3
TEIZED, EE.Smm
DHEEEBE L/, Table
6.2 MEL 2EHO S
W2 RS KHoOC 2,
D %8k H & #EMEDFC

NiFeD K4 xR L Twh,

Table 6.2 Chemical compositions of filler metals for using

cock vaccum
gauge
quartz \
tube vaccum
induction vessel
coil
crucible )
B
of] o
8 8 vaccum
pump
O O
O O ‘
O O
G
'Fig.6.1  Method for making filler metal

U-form cracking tests

Chemical composition (mass %)
mark Ni Mn C Si
F1 50.06 5.62 0.05 0.92
F2 52.04 5.90 1.21 1.04
F3 53.02 5.16 1.87 1.62
F4 53.02 7.47 0.06 1.05
F5 54.15 8.14 1.33 1.11
F6 55.09 7.31 1.90 2.40
F7 54.63 9.68 0.06 1.07
F8 56.04 10.05 1.28 1.22
F9 57.20 9.26 1.84 2.90
F10 53.05 11.02 0.07 1.27
F11 60.26 11.47 1.75 3.49
F12 59.80 12.03 1.92 1.27
C2 54.34 1.90 0.99 0.28

6. 3

BENRYEBZINNABREBORE

6. 3. 1 UBRJITHARRELBEILEHREE
RO, BEIARLCH T AEEBERSIMEMESAOMASCOREL L FIHE
NS LD, AETHELZ "WREMKUE

BABRBLUBREFHROCE
HRENY T EERLI, SOV TE,
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KEBHERETE, ChzflAL TAREBEMIC, 202 CORBAF ICHEHEIMNICHE
YAMTELIRROLDTH S, Lzt o T, RBEED., RBRF CIFIEERS
Hzoh, BELACI o THBRFOBMESMET §2-0CHAIBET L LI
b, OV RKBRLT, BEINEBRHAL LTEAEOERICHVWAZ L E LT,

TRLbLEEOEZFLIHBIC, WERFEH CHBEERTELZVE) T, #E
ROBIELBEILTHIBREZRD, RECRFORBR 2 BE LA CET 2 UH
EHET LI LT, RBRACHEREN 252, S22 BAEELLILETEHIOTH
5o UTZOVIFZEHVWERBRE “URBV/ AREAECHEREINAR” LR,

Fig. 6. 2 UBRYVI7ORRETELZRT . CORXRBROREIZ. RO EE K f
BRBYVFILOTEAS - VLo TRHMENR VT A e 2L, RBRBEHEFB LU
BEROBEBC P PLMEF2HECTE, BEBOWHBCRTAILEICEILT
BRI ERETERILILD B,

160
3 JF:
15| 35 60 35 |15
28 € ,~ €, . Strain gauge
~
T 1 ] ‘
s €3 €1 €2 €4 o
o)
| = 1 0 =
0 ©
- )
]
)
<
191535 60 35 19

Fig.6.2 Configuration of U - form cracking test device
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6. 3. 2 BEILKBREEOFEL

RBR 2V 71085 LR *
ZFig.6.31C/R o AXBREE
2R DHER L RXBF 2 H
LR SN TWS, BEIICA
THHRNEZRETE D LI I,
2K O Rk O [ 8 v A I i
ARDOT RS-V 250 17
2o B, LY EEREICES
A7 OWEBE L) ANRT,
REGEM 2> HOHIMT L < 8E
Lo DTIRRABRELZ RS,

holder

“U-form Jig

Fig.6.3

#IBOFig.6.TWCRT &I 12

Cracking test setup

THARBEERCH )M 2RBEF 2, WHRBEO LB X, WHEOSNME & K
BROBFEETHLIIC, CEHZIF Y 7THIVONBEOHECHOMNIT L,
KRBT, BEEBCLIVRBAFRE LSS 20nE) i, RBAMZCE > TH
BT oo BRIV ZODHKBRAF—heh), BEEI MK LED 2 L., XKk
BOMKRRBIGIRHEINET LI LR b, 2OBA. Fig.6.200FTAY — Ve,
BIU e, 0B, FIRVTAPERAT AL LR 2, T2bb, BEBOINMED

CRHERROOTHADERIC L o TFETE 5,

ZFIT. AR a YR RME B
R, RBRRF 0% % B & i 1 8w
T L.Fig.6.4iC/RT LI, EFDHLAT
ABROMERRLZE2L)ICEY P LT,

FEMGELML. 20OLE3OMELRBEE

DWERDOEHFOVOTAHLDOEFRERD 72,
BE R R HHEREO LA S E 512 4mm
EHCHRIABLE D, ZOREMMBED S,
ERVTOBWREDVOTHAEEZRDLZ LT X
D, BEBCMDLLIHENFONE, COH
HeBHMOREMEECRT 22 L TFY
HRICTERODLZ EHFNTEL, HlFL %,
SIFBERX2VTIX, FHOLEIIE-FE
SEFRLTHHEHMEE T 5, Fig.6.5ICFEA L
LHMEF LURBEOFMOV T H ¢ & DML
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Fig.6.4 Applied compressive force

for evaluating restraint
force of U - form cracking
test device



ERT, ERILAMEF EFHO VDT A e & DMITIE,
F =162 X10° ¢ (N) (6-1)
DB/ LN,
WEENLVT AR, AROF—VORANMTHEHF, REBRICBVY TR, XIIR
TREAC, FROOFHICEEL L,
e*x=c1t e2—(est eq)
= (1+v) (eite2)

=2(1+v)e (6-2)
e=¢* /2.6 (6-3)
T e WEZORBODOOT A

e* D EAE N0 T RO
v BTV VI (=0.3)
T, 8k 6 ADR(6A-SHIHEW, FNZLTNHDME, E :205.8GPa, b :165mm,
h :35mmi2AAL, WEMTEF LV TAc 0DBEFERODZ, 0T AT — YV 3d.0H
AWERZO LWL S35mmOMNBREOMNT 2l WE-VTAHAREMBERD B 7
DT o2 ERMABCB T AMELE, KBEARESmmO P RBEDLDH . 51239
mm35mm+4mm)EZRATEEMBEFRARXO L) IE2 LMD,
CF =181 X10° ¢ (N) (6-4)
‘Bonizk (6-4) %
Fig.6.5(CH# TR T 50 .
mu@mEycEELT 0 | T calculated F=181x10% ¢ (N) .
B HEF LD 40 F measured F=162x10% ¢ (N)
T hoe i3 L WG R
b B ENFDD, .
%72 L O AR 20 | :
3 LT KD S L
HHEL ) AEVT E L R i

Barb. ThiE, | i i \

e AT A b 0 50 100 150 200 250
§k6 AD B AT 51 5 Strain of frank & ( x107%)

30 — -.-'._-' -1

Load F (kN)

WTEEREEE LTw
. Fig.6.5 Relation between load and strain of
LlzbbkEz bbb, U - form cracking test device

6. 4 fEAMKHBLIURREE

6. 4. 1 FEAMHSLUHARATE
RBA I, WEBRSGERICIVHFELA-HFRLOT I ORIKRBHHESHMK 2007
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X900'X25mm) 2O . BEIMTLTHWE, #0/LZEMEE #Table6.310. S
FALMELFig.6.6ICR T, BRENZBFOEIRS L U %2Fig.6.70CR ¥,

Table 6.3 Chemical compositions of base cast iron
for U-form cracking test (mass%)

C Si Mn P S Mg
355 238 061 0.023 0.012  0.045

R, BEXZONLAESLSORER
FEANBEZBZLIRE), —HOR
BA 2HOEBE ITL A &) ICEE
L7zo RBRF OIEIZ70L 30mm?D 2 8 4
EL, AERECHOYRBE L, B
T, @B L ABR OGOV T,
Table6.2iC/R L7z L RBH O
IBCTRIILLT B, Bl2iE, F1-71.
BIMEFITIEIOmmO KB oW TE Fig.6.6 Microstructure of cast iron used
BEfTolA. $7/2F1-3iX. Bk
FITIEOmmOARF oW THEHREZ LAHEEEL T2,

90

i i 90
H |
) ! |
N ! |
-, ] 1 = i H
e =
o : ! - ; : G
1 ] L= B ' 1 M
SRl i Al ]
1
| i / ;3.2
1 ]
: 1
$3.2
o i o
8 © 8 o
33 29 ot 29
60" 60"
2 @

Fig.6.7 Shape and size of cracking test specimen
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6. 4. 2 RBEFGEIIUVUERFZE
AIEBEMBL2EHEA TG TAWRfTo/e, HBAMMO2% F )Y AAD ¥ >
JATFTvERBREHY, EBREWEALVY - 20510mmB L7z, Y-V FHF ATV
Ty ARAER, B A A(DCEN)TTFRETEB LT -7, LB D/ ®ODFCNiFe
(#BE4mm ) THWSMAWBIT o 72, LM% Table 6.4 1277,

Table 6.4 Welding conditions used

GTAW (DCEN)| SMAW (AC)
Welding current (A) 240~270 140~150
Welding voltage (V) 15~20 | 25~30
Welding speed (mm/s) 1.67
Bead length (mm) 50

HEEZS0mmE L, XBABESTOmmOBAE. ¥ THEFHET, BHKE T2
V=SB EfTo7z, MBAOWEANBOmmOEE L, BEOMBREM LAMD Y 7
WMEES, ZOLTHGEBLIUCRELREL2T o0, COBHEG. ¥ THREBERTH
100s BETH YA L7,

6. 5 HEBRHE7OmmOEEnHRIESNAR

6. 5. 1 RBERBEOSHMBEARISEHORERR _

12BHOBEMBEEZHCTERERER LT o7 ERFEQOHTHERZTE L,
ABEREIOMmOBEER, F 7R e AT, RBAF LCHEELHEBL. 2L -5
BET o 4BEOBEMBILOVWT, BEBORBBB MRS NBLITE-F
HREDIREE & DBIER XFig.6.8I17R T o W D720, DFCNiFe% iV 7284 O f
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Fig.6.8 Restraint stress and cooling curve of selected
filler metal used, specimen width : 70mm
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Fig.6.9 Examples of appearance and microstructure
of 70mm width specimen
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Fig.6.13  Restraint stress and cooling curve of selected
filler metal used, specimen width : 30mm
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Fig.6.14 Examples of appearance and microstructure
of 30mm width specimen
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Fig.6.16 Size and shape of the two types of specimen
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o ERLASHE, ol mBELsERICHWA, HuldmBoflbFHK %
Table 6.5 IZ/RT o

Table 6.5 Chemical compositions of filler metals for using weld
cracking test with preheating

Chemical composition (mass %)
mark Ni Mn C Si
F1 50.06 5.62 0.05 0.92
F2 52.04 5.90 1.21 1.04
F3 53.02 5.16 1.87 1.62
F4 53.02 .47 0.06 1.05
F5S 54.15 8.14 1.33 1.11
Fo6 55.09 7.31 1.90 2.40
F7 54.63 9.68 0.06 1.07
F8 56.04 10.05 1.28 1.22
F9 57.20 9.26 1.84 2.90
F10 53.05 11.02 0.07 1.27
F11 60.26 11.47 1.75 3.49
NF 1 51.60 6.75 0.79 1.95
NF 2 51.17 7.98 0.05 1.30
NF 3 55.42 8.53 1.99 2.13
NF 4 53.10 9.44 0.05 1.63
NF 5 62.60 11.15 1.66 3.58

6. 7. 2 EREE .
Fig.6.17iC, REBEBEORR, TEHEB LI 20mmERBEF 225 L 2 RELR T,

[
chuck test piece
—l = ) “_zi'{, HT ol R g
S = @':’_FL_LI"““‘* S = 18T S
/ tab
holder load cell -~
690 75
840

Fig.6.17 Setup of specimens for weld cracking test
using trial filler metal with preheating
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Table 6.6 Preheating temperature Table 6.7 Welding conditions used

empcatE. k)| promeating weld (i6) | | Welding current  (A)] 195 ~ 240
673 623, 603, 573 Welding voltage W) 13 ~ 16
623 573, 553, 523 Welding speed (mm/s)| 1.67 ~ 2.50
573 473 Welding time ()] 8~ 18
473 423, 373 Arc length (mm) 4

Feeding rate of

filler metal (mmys)| 217 ~ 292

EEEFM LD E, - FEVIZHRHERP LA L LR D, ZOME
POTAHAMIBLEZA L CESFCRE Y, WEELRAN S, EBRP KL 728
Ak, WEHOBRENER, B LA VEAR, BESL2WYHB LT, SHEOFE
HWorBELrtEe- FREOBLYHEBWEEL LT, WEEHEHEL %,

6. 7. 4 EBER-F

16D BEMBE L H v, Table6 . 6IRTHMA D FEHEE TEHS INDER LT o
2o Table 6.8 ICEEBHEDO—EELRT. £BNo. 125 CEHRFEIOommTHEEE N
REBEIToLD, BONLHEMECKH L CHEEBHERIAE . BEENICED
Nehote SORB, BEALDEE, KRF BN L% o 7o 38550 RE
THBLDITE, BIENER/RLILENFD Y, FEEBNo 13LEIE, ¥ XTH20mmD K ER
FEHOWTERYTo72, [Hl] OB T-HRHEEMGARIOks BBLTERT
THREBRTLTL, BliLar o R BERL, OHIWERP ICHIT L2 L 2R
LTWwbdo AT, E5.5~44s OMTERAEL T2, ?HRERENENOHENH
2R EDYNT, GHEMBPFEON 2o LHBE2RT . MAILIIiZ149~577TMPa
rRL, BESEROWE S ITHv260~570% /R L /2,

6. 7. 5 RBEMAARBEOAHMKEEHREHORERR

BERBRORBHEB EHARCHBILITY - FhREOREE L OBERICO VT,
TODEBBI RFig.6. 19K T, MOXEIZ, ¥ 7K ETHEELRE LB EE
HELTBY, NHOBEHEKRTERIZSY TR ETORTHETSH %,

Fig.6.19(A)IXEHEWIIOSA, BEEEIZV, HHEEEL.6Tmm/s (FEAZ
162MH@WAHK%%@%%\Fmﬁi9wﬂh@§%ﬁWSA?@%%EMV‘@E
HE2.50mm/s (BEAS 1.09MJ/m)T523KFHROEETH L, BERABEOIR
EFEVORFHEEIToTVEDThHd, BELHHELTLELS TS BE
CREMOGEENM EBEKTICLIIMNHEPEIYD, WRICHDFELE, XVT,
FISTOEMBZ TR I %2) ., BEBRTICMEos THTHEML T <,
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Table 6.8 Summary of experimental results
Weld metal composition Max. | Weld aTg/5 | Frac-
% stress | metal ture
No.| Mark (%)
Ni M C S hardness
! n "' | (MPa)| (Hv) | (s)
1 F11 25.67 5.24 2.78 2.85 292.8 424 37.0 —
2 F2 18.37 2.48 2.72 1.91 312.6 398 43.8 —
3 FS 21.93 3.66 2.65 1.87 264.6 374 40.5 —
4 F10 28.65 6.23 1.67 1.78 202.9 288 29.5 —
5 F9 21.39 3.85 291 2.57 333.2 410 35.0 —
6 F7 11.09 2.45 2.84 2.11 4175 381 44.0 —
7 F3 25.34 2.78 2.75 2.02 312.6 423 16.5 O
8 4 17.50 2.11 3.00 2.13 291.1 473 ? —
9 Fé6 25.67 3.73 2.78 2.39 267.5 418 35.5 —
10 F1 25.03 3.12 1.80 1.65 262.6 342 25.0 O
11 F4 17.92 293 2.37 1.93 325.4 403 ? —
12 ” 21.84 3.44 2.11 1.83 442.0 329 36.5 —
13 F1 20.07 2.62 2.15 1.79 456.7 330 35.5 —
14 ” 27.03 3.32 1.66 1.59 366.5 307 20.0 —
15 F7 25.24 4.80 1.94 1.77 543.9 332 23.0 O
16 ” 27.86 5.24 1.77 1.71 246.0 288 11.0 @)
17 F8 25.72 494 2.51 1.85 511.6 409 11.0 O
18 F10 36.39 7.76 1.16 1.62 383.2 318 11,0 —
19 F11 31.82 6.34 2.60 2.97 296.0 386 14.0 O
20 F3 26.30 2.87 2.72 2.00 370.4 379 14.0 O
21 F2 31.43 3.81 2.14 1.57 376.3 377 13.0 —
22 Fé6 27.88 4.00 2.72 2.39 418.5 441 12,5 O
23 F5 28.43 4.56 2.38 1.71 403.8 358 13.0 —
24 F4 25.82 3.95 1.85 1.73 382.2 369 11.0 O
25 F9 26.25 4.58 2,77 2.62 297.0 403 11.5 O
26 F1 32.39 3.85 1.29 1.44 196.0 260 9.0 @)
27 ” 29.79 3.59 1.47 1.51 228.3 267 8.0 @)
28 F8 26.51 5.08 2.48 1.83 264.6 412 9.3 O
29 v 33.57 6.26 2.19 1.69 339.1 385 10.3 O
30 Fi1 39.77 7.78 2.36 3.11 302.8 367 6.0 O
31 ” 2826 § 570 271 2.90 348.9 493 ? O
32 F10 29.60 6.42 1.61 1.76 149.0 352 6.0 O
33 F§ 28.08 5.34 241 1.80 292.0 444 7.0 O
34 F9 28.49 492 2.70 2.64 287.1 559 5.8 —
35 F11 38.45 7.54 240 3.09 412.6 466 7.0 -
36 NF1 | 29.67 4.14 1.96 2.13 567.4 370 8.0 —
37 ” 31.22 432 1.88 2.12 486.1 368 8.8 O
38 NF 5 43.63 7.96 2.23 322 307.7 388 6.0 @)
39 ” 31.24 5.87 2.61 2.98 4822 424 115 @)
40 NF1 | 3323 3.90 1.69 2.20 577.2 457 8.3 O
41 NF5 | 27.86 4.84 243 3.28 511.6 570 9.0 O
42 NF 1 32.70 5.17 1.88 2.01 267.5 331 10.5 O
43 ” 33.56 5.29 1.84 2.00 414.5 355 14.0 @)
44 NES | 3422 5.80 2.18 3.48 386.1 550 11.8 O
45 » 36.76 6.19 2.07 3.56 219.5 317 5.5 O
46 NF3 | 34.30 5.51 2.58 2.23 374.4 416 ? O
47 ” 27.82 4.59 2.77 2.25 206.8 400 6.0 O
48 NF 4 29.26 5.48 1.59 1.97 1754 299 8.0 O
49 ” 31.39 4.13 1.41 1.95 150.9 279 9.0 O
50 NF5 | 40.69 7.46 2.32 3.16 356.7 346 6.0 —
51 NF 2 30.60 5.02 1.43 1.73 334.2 339 10.0 O
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Fig. 6.19 Examples of progress of restraint stress
using trial filler metal with preheating
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Fig.6.21 Tensile strength concerning to carbon
and manganese contents in the weld
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and ATs/s with preheating obtained
in the present work
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Fig.6.A1 Deflection curve of cantilever
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