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Fig. 3.1 Alloy 82 buttering and welding schematic diagram.

Fig. 3.2 Alloy 52 buttering and welding schematic diagram.

Fig. 3.3 309L buttering and Alloy 82 groove welding schematic
diagram.

Fig. 3.4 309L buttering and Alloy 52 groove welding schematic
diagram.

Fig. 3.5 Alloy 82, Alloy 52,309L buttering schematic diagram.

Fig. 3.6 Overlay welding specimen.

Fig. 3.7 Low, medium, high weld heat input specimen.
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Fig. 4.2 Bend test specimens.

Fig. 4.3 Specimen shape after bend test.
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(Graph).
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4.11 Medium weld heat input specimen test results.

4.12 High weld heat input specimen test result.

4.13 Low heat input specimen metal structure after PWHT.
4.14 Medium heat input specimen metal structure after PWHT.

4.15 High heat input specimen metal structure after PWHT.
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A study on mechanical characteristics and
microstructure of the dissimilar weld joint with the
Inconel Alloy 82, 52 filler metals

Abstract
The dissimilar metal welding makes the complicated structure by the dilution
of the base metal and filler metal. That kinds of welding structure requires an
evaluation on the mechanical characteristics. Moreover, HAZ (Heat affected
zone) shows a phenomenon to decrease the tension with unstable structure
along with the high residual stress. The dissimilar metal welding part
improves the quality of the welding part by enhancing the characteristics of
deposited metal through the filler metal structuring and modified structure
control. Therefore, many studies to improve by evaluating the modified
structure and mechanical characteristics of the dissimilar metal welding parts
had been executed. However, the study on the changes in mechanica
characteristics and modified structure of the dissimilar metal welding part
consists of the low Alloy steel basic material and Alloy 82, 52 filler metals
had not executed systematically so far. This study the changes in structure
and mechanical characteristics by the analysis on mechanical characteristics
of the welding part and the post weld heat treatment through the tensile
strength, flexural strength and hardness test after checking the stability of the
welding part with the non-destructive test as producing the low Alloy metal

welding sample.

Jeong, BongWan
Depar tment of Naval Architecture and Ocean Engineering,

The Graduate School, Chosun University
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H 3 & AEE M E8 2 AU
H1E A8 =

2 g=2 SENMEE A8 Butt S8 AIlgH
AN AIEE 2IHeE 8 FIDIZ2 HO0l AIE2DHse MESZ 2 o349 690
plateOl) EJHH= A

JIHE S-0l CHet ASME Spec.2 LIEHNARAD table 3.20i= SA508 Gr.3 Cl.1 ZIH 2

e =1}
St 20 CHSH ASME Spec.2 LIELHRALCE.
Table 3.1 SA508 Gr.3 Cl.1 mechanical properties of steel.
[ tems YS(Yield strength) | TS(Tensile strength)| EL(Elongation), (%)
SA508 Gr.3 Cl.1 . .
ASVE Spec. 345~450 MPa 550~795 MPa Min 18%
Table 3.2 SA508 Gr.3 Cl.1 chemical composition of steel. Unit: %
Material C P Mn S Ni | Si Mo Vv Ca Cu Cr
SA508 Gr.3 Cl.1 < < < < < < < < < < <
ASME Spec. 0.25 | 0.025 1.5 0.025 1 0.4]10.6|0.05[0.015| 0.2 ]0.25

Of QIHZE= ASME Spec. 2l QUEZEQI 550~795 MPa HIH0 AN OF SHH S IHM

0l ANNE 2 stStdE0 FAet d222 AdE EIHHE d=ioioF &HC.
3.30l= 2124 690 M2 JIHAE S0l CHeh ASTM Spec. S UEIHHALD table

e
3.40= 3tstE =20 CHEH ASTM Spec.= ULHEHHRULCY.
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Table 3.3 Inconel 690 mechanical properties of steel.

| tems YS(Yield strength)| TS(Tensile strength)|EL(Elongation). (%)
Inconel 690
=241 MPa =586 MPa =30
ASTM Spec.
Table 3.4 Inconel 690 chemical composition of steel. Unit: %
Material C Si Mn S Ni Fe Cu Cr
Inconel 690 < < < < 58.0 < < _
ASTM Spec. 0.05 0.5 0.5 0.015 min. 11.0 | 0.5 2r.0 = 31.0
OlE=2% 282 22 et 20| U2 MEJF etz 250 A2 0MER,
2sMdAHCl EHHEHSIN e Z2EIJF 2HR6IH 0l HEE {st dHXAHOZ 0|
=25 SHU AIEdHe SENHES sstdE & AAE -0 =0l {0 Stht. AIBE S
SIS = GTAWN HE Jisst EJHHE ASaI D Alloy 822+ Alloy 522 3lstdE2
2t2+ table 3.5 & table 3.6 Ol LIEFLHACH
Table 3.5 Alloy 82 chemical composition compare. Unit: %
Material C Si Mn Cr Ni Fe NbtTa
ERNiCr—3
ASVE Spec. 0.02 0.11 3.09 20.32 71.90 1.04 2.44
Table 3.6 Alloy 52 chemical composition compare. Unit: %
Material C Mn Fe S S Cu Ni Al Ti Cr Nb+Ta | Mo
ERNiCrFe-7 | = = |7 < < < Rem < < 28- < <
ASME Spec. | 0.04 1 0.015 | 0.5 0.3 1.1 1.0 | 31.5 0.1 0.5
ZIMH(Alloy 82, 52)2 ASME Spec.& JIECZ AMEH &N AI2E ZIIHE A
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Table 3.7 Specification for welding specimen for test.

No. Specifications of specimen Type of specimen

1 SA508 Gr.3 Cl.1(1ea) + SB168 N06690(1ea) | Butt(V—groove) weld, Alloy 82
Size : 40T*=150W+350L + 10T*150W+350L Alloy 82 : Inconel 600(ERNiCr-3)

5 SA508 Gr.3 Cl.1(1ea) + SB168 N06690(1ea) | Butt(V—groove) weld, Alloy 52
Size : 40T*=150W=350L + 10T*150W+350L Alloy 52 : Inconel 690(ERNiCrFe—-7A)

tOd No.1 AlSEE 212'd 600H ZIHM

Butt (V—groove) o) 2
AEHES ol4l 690H ZJFM(Alloy 52)2

(Alloy 82)2 HH
HEeld € E8= &
SA508 Gr.3 Cl.1%t 2128 690 p

£ Min 3.2mm ot22 V-groove =9
No.1 AIEEQl Butt & Al Alloy 822 XE%H AM&™ schematic diagram2 fig.

0N 00
if

iy

EIIMZ BHE 2%

3.12% 21 SEXLAZ2 table 3.8 & E&T YEE 242 table 3.901 LIEFLHALCH.

P By L ey

L
Buttering
{ Alloy 82)
Groove(Alloy 82)
=
=]
SAB08Gr.3CI 1 SB168 UNS NDB690 |

Fig. 3.1 Alloy 82 buttering and welding schematic diagram.

Table 3.82 No.1 Al # 2| SA508 Gr.3 Cl.12t 2124 690 plate2 Butt &
cC =

S
Held 8 & g 123CZ ot d =2 88 & HE2= 17C=Z oLk,

HEE S&d2 Mg=sZ S50 HJ 20 dE0l 2

(== - =2
10l &80l 0IF0XJ| H2eld, oz2d 282z gdda

ARl gtoty Q= sFe

40
[

Alloy 822 HHE =&&

=
_I_
SEYE20 28 s8&0il= M 80l 420K S&EO0| Jtsollt.
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Table 3.8 Alloy 82 welding conditions.

Specification SA508 Gr.3 Cl.1 to SB168 NO6690

Thickness 40 mm(SA508 Gr.3 Cl.1) + 10 mm(SB168)
Type P-No. : 3 Gr.No.3 to P-No. : 43 Gr.No.—
Filler metal F-No. : 43, AWS Classification : ERNiCr-3
Preheat temperature | 17°C(Groove), 123C (Buttering)
Interpass

Groove: 175°C, Buttering: 65C(1st~3rd layer)
temperature

Preheat maintenance | Maintained more than Min. preheat temp. during welding

Post heating Temp.: 223~296°C, Time: 2Hr

Range of temp. : 608~611C, Range of time : 1Hr
22Min(Hr/inch)

Post weld heat PWHT was applied to 1~3 layers buttered weld but not to 1~4

treatment layers groove weld.
After buttering welding 608~611°C 1Hr 22min PWHT

Shielding gas AR, 99.99%
Flow rate 10 ~ 20 L/Min
Polarity DCEN(Direct current electrode negative)

Amps, volts range 130 ~ 220 A, 11 ~ 18V

Bead type String

Gas cup size [.D 12 mm

Interpass cleaning Grinding

Multiple or single
pass of electrodes

Multiple / Single

Table 3.9= No.1 AIEHEH SZ H2& IS LEIH H2Z Max. 13.7kd/cm =
Aoz OfE &2 ol S2H=2%= Min. 175TCT& ot I27Z=2 2K CH
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Table 3.9 Alloy 82 welding heat input conditions.

_ _ Welding rod Current Speed ETC.
Welding | Welding Diam Volts
pass | methods Pola range | , | aN9e (Max heat
Type eter 1 Range (cm/min) input)
(mm) rity
Buttering GTAW ERNiCr-3 | 2.4 | DCEN | 130-220 | 11-13 10-13 13.7kJ/cm
Groove GTAW ERNiCr-3 | 2.4 | DCEN | 130-220 | 11-13 10-13 13.7kJ/cm
No.2 A2l Butt & Al Alloy 522 &H&st A&™ schematic diagram fig.
3.22 21 SHXAH2 table 3.10 & & U XAH2 table 3. 110 LIEILHALCE.
SA508 Gr.3 Cl.1dt 21324 690 Platell HEE &L OFE Z&W Alloy 52 EJHM&E
82 olH HEE s&2 SH= Min 3.2mm o2 V-groove =2 &2 = 7TIHAU
45 82 oL
-
Buttering
(Alloy52)
Groove(Alloy52)
o
=

10

Table 3.102 No.2 AI&lE 2l SA508 Gr.3 Cl.12+ 2124 690 platel| Butt E& XA
2 HHed 88 Ol E8 = ZXa ofJdt. =EX2l X242 2% 608~611TH A
SXAIZEE 1Hr 22 Min(Hr/inchg) & otICH. HEE 82 ME3Z0 Alloy 52 &
IHHZ 015 =5E80| He 22 E8 = EX2E & oior ot 1 OIRsE NE
=d2 2 FgRI SEE2=z ol FAotH HH BAXACZ It ds5otH EE
= ZXcE St R0 EHE0l 2Rot)| H=20IC

_22_

Collection @ chosun




Table 3.10 Alloy 52 welding conditions.

Specification

SA508 Gr.3 Cl.1 to SB168 N0O6690

maintenance

Thickness 40 mm(SA508 Gr.3 Cl.1) + 10 mm(SB168)
Type P-No. : 3 Gr.No.3 to P-No. : 43 Gr.No.-

Filler metal F-No. : 43, AWS Classification : ERNiCrFe-7A

Preheat . . .
temperature 17°C(Groove), 123°C(Buttering)

Interpass Groove: 175°C, Buttering: 65C(1st~3rd layer)
temperature

Preheat

Maintained more than Min. preheat temp. during welding

Post heating

Temp.: 223~296°C, Time: 2Hr

Range of temp. : 608~611°C, Range of time : 1Hr 22Min(Hr/inch)

Post weld heat

PWHT was applied to 1~3 layers buttered weld but not to 1~4

treatment layers groove weld.
After buttering welding 608~611°C 1Hr 22min PWHT
Shielding gas AR, 99.99%
Flow rate 15 ~ 20 L/Min
Polarity DCEN(Direct current electrode negative)
Amps range 130 ~ 220 A
Volts range 11 ~13V
Bead type String
Gas cup size [.D 12 mm
Interpgss Grinding
cleaning
Multiple or
single pass and | Multiple / Single
electrodes

Collection @ chosun

2 ANESE 230 HEE YEHES LEHH A2=2 Max. 13.7kJ/cm
S ot S2=2% Min. 175CE &0t A E&otULL.
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Table 3.11 Alloy 52 welding heat input conditions.

_ _ Welding rod Current Speed ETC.
Welding | Welding : Volts
ass methods Diane Pola range | , ' an9e (Max heat
P Type ter Cit Range g (cm/min) input)
(mm) Y
. ERNiCr
Buttering GTAW Fo—7 2.4 DCEN | 130-220 | 11-13 10-13 13.7kdJ/cm
Groove | GTAN | TN'CT 2.4 | DGEN | 130-220 | 11-13 | 10-13 | 18.7kJ/c

2. AHIQIElA 309 EEMEE HEE = 82

e

52 &= E&8lig
S0AE MES2(SA508 Gr.3 CI.12T0 HEZ SHS 300 S22 =S
82, 52 EJITHE M Eot0l AIEH HZES otUM AIFEHM s

Yy
HZ Al 2 28 table 3.122 2C}.

Table 3.12 Specifications for welding specimen for test.

No. Specifications of specimens Type of specimens

SA508 Gr.3 Cl.1(1ea) + SB168 N06690(1ea) | Buttering weld : 309L
Size : 40T=150Wx350L + 10T*150W+350L Butt weld : Alloy 82(ERNiCr-3)

SA508 Gr.3 Cl.1(1ea) + SB168 N06690(1ea) | Buttering weld : 309L
Size : 40T=150Wx350L + 10T*150W+350L Butt weld : Alloy 52(ERNiCrFe-7)

HEIE SZ0l Alloy 82, 52 SItX CHAION 309L HE Al EER2 JIHE S&

/| T o

SHEGHO L Butt 28 AIEEES M otATH. No.1 AIEE 2 Butt EZAl Alloy 828
=

MNZst A2l schematic diagrame fig. 3.3 &1 S2EXAH2 table 3.13 &
o det XAHE table 3.14 Ol LIEFLHRACE.

_24_
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Buttering
(309)
Groovel Alloy §2)
o
e
7 1
=}
1 SARBOBGr.3CI 1 SB168 UNS NOGGAD 4

Fig. 3.3 309L buttering and Alloy 82 groove welding schematic diagram.

SA508 Gr.3 CI.12t 213 690 platel Butt S&O 309L SJtMz HEE E&EE Min
3.2mm Gt V-groove & E&E Alloy 822 7 AN 45 282 GtAULY.

Table 3.132 SAS08 Gr.3 Cl.12 212E 690 platel| Butt E83& = HHZE E&0
309L EBIME =& S M2 SEXTHCZ HHY 2E & 2% 608~611THMN S X Al
22 1Hr 22Min(Hr/inch€)Z G6t01 88 = ZXc2E +&o6tALCt.

Table 3.13 Welding conditions.

Tvoe P-No.:8(x) Gr.No.— to P-No.:43 Gr.No.-
yp (*):P-No.3 with P-No.8(309L) buttered over 3.2 mm & PWHT
Filler metal F-No. : 6 / 43, AWS Classification : 309L / ERNiCr-3

Preheat temperature | 17°C(Groove), 123C(Buttering)

Interpass
temperature

Post heating Temp.: 223~296°C, Time: 2Hr

Groove: 175, Buttering:65C(1st~3rd layer)

Post weld Neat | sfier buttering welding 608~611C THr 22min PUHT

treatment
Shielding gas AR, 99.99%
Flow rate 10 ~ 20 L/Min
Polarity DCEN(Direct current electrode negative)
Amps range 130 ~ 220 A
Volts range 11 ~13V

Interpass cleaning | Grinding

_25_
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Table 3.14= AEH &N HNSE LIS LIEIYH HJ2=Z Max. 13.7kJ/cm E210i
AN HEYH E& Al &S2H2&= 65T, OAFRE E& Al S225E= Min, 175CZ oL,
Table 3.14 Welding heat input conditions.

. . Welding rod Current Speed ETC.

Welding | Welding ; Volts

Diam range | (Max heat
pass methods Pola range s .
Type eter City Range (cm/min) input)
(mm)
Buttering GTAW 309L 2.4 | DCEN | 130-220 | 11-13 10-13 13.7kJ/cm
Groove GTAW ERNiCr-3 | 2.4 | DCEN | 130-220 | 11-13 10-13 13.7kJ/cm

Fig. 3.4= No.2 AIE®2 Butt Al Alloy 528 H&EEt

2
diagramO| D SHEXAH2 table 3. 150 & LI XH2

[y w—

s AEEHWH schematic

table 3.1601 LIEFLHRACE.

Buttering
{3090)
Groove{Alloy 52)

40

-
SA508Gr.3CI. 1

Fig. 3.4 309L buttering and Alloy 52 groove welding schematic diagram.

SA508 Gr.3 Cl.12t eI34l 690 platell Butt &0l 309L E2IHMHZ HEHY =2&2
Min 3.2mm Gt1) V-groove & E& 2 Alloy 522 7 IHA0N 45 E&E S ot

Table 3.15= SA508 Gr.3 Cl.1%2t 134l 690 plate2l Butt &M HEHEZE & Al
309L EJHME A& o6t V-groove & E& 0= Alloy 528 AIE S e =H2 =2
HEY &8 & 2% 608~611TC, RAAIZE HHr 22Min(Hr/inch&)z2 & & EXclE
3 SFRALCEH.
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Table 3.15 Welding conditions.

Specification

SA508 Gr.3 Cl.1 to SB168 N06690

maintenance

Thickness 40 mm(SA508 Gr.3 Cl.1) + 10 mm(SB168)
Tvoe P-No. : 8(*) Gr.No.— to P-No. : 43 Gr.No.-
yp (*): P-No.3 with P-No.8(309L) buttered over 3.2 mm & PWHT

Filler metal F-No. : 6 / 43, AWS Classification : 309L / ERNiCrFe-7A

Preheat . . .
temperature 17°C(Groove), 123°C(Buttering)
tlnterpass Groove: 175C, Buttering: 65C(1st~3rd layer)

emperature

Preheat

Maintained more than Min. preheat temp. during welding

Post heating

Temp.: 223~296°C, Time: 2Hr

Post weld heat

Range of temp. : 608~611°C, Range of time : 1Hr 22Min(Hr/inch)

PWHT was applied to 1~3 layers buttered weld but not to 1~4

treatment layers groove weld.
After buttering welding 608~611°C 1Hr 22min PWHT

Shielding gas AR, 99.99%

Flow rate 15 ~ 20 L/Min

Polarity DCEN(Direct current electrode negative)

Amps range 130 ~ 220 A

Volts range 11 ~13V

Bead type String
Gas cup size [.D 12 mm

Interpass cleaning | Grinding

Multiple or
single pass of
electrodes

Multiple / Single

Table 3.162 AlE

NE-EXIErE

Collection @ chosun
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Table 3.16 Welding heat input conditions.

Welding rod Current Speed ETC.
Welding | Welding : Volts | P (Max
ass methods Diam Pola range | ,  2nge heat
P Type eter 't Range 9 (cm/min) )
(mm) rity input)
Buttering GTAW 309L 2.4 | DCEN | 130-220 | 11-13 10-13 13'7ka/6
Groove | GTAW ERNnge 2.4 | DCEN | 130-220 | 11-13 | 10-13 13'7ka/0
3. AHICEIA 309L EEM=2 HEE = 82 H 52 &2 &M=
E Mg8 U0 BY ANEH
2 AEME ME22Z(SAS08 Gr.3 CI.1)Z2HH 2Hd0l &8 Al HEYE S&E=2
Alloy 82, 52, 309L ZJIME ASdlH AEE HEZ2 SIFCH MEAIY L s
table 3.172F & LCt.
Table 3.17 Specifications for welding specimen for test.
No. Specifications of specimens Type of specimens
Buttering weld : 309L
1 SA508 Gr.3 Cl.1(40T*300W+300L) Overlay weld : Alloy 52
Buttering weld : Alloy 82
2 SA508 Gr.3 Cl.1(40T*300W+300L) Overlay weld : Alloy 52
Buttering weld : Alloy 52
3 SA508 Gr.3 Cl.1(40T*300W+300L) Overlay weld : Alloy 52
CHY0 228 AEEH HE Al HEE Z&0l Alloy 82, 52, 309LEJtME AtE6tH
ANEEHZ 228 HEY S8 AIsE S 420 g 282 JIHE E42
ZHESI DX AIE@EHE Z=HIGHALCH
Fig. 3.5= 2HdI0l &8 AEHEHWH HEZE =& Al Alloy 82, 52, 309L ZJHMHE
ArE8I0H HI&E AIEEHO| schematic diagramOl) table 3.180l= S&XH 12|10
table 3.190l= & I XHS LIEFWHAULCEH.

_28_
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i Alloy 52 — Alloy 52 - Aoy 52
Buttering Alloy 52 ] [ uttering Aoy 52 | ( Furttesing 3001 ]
S50 Gr.3 0L SABDEGr.ICL 1 SABDEGr.3CL 1

Buttering Alloy 82

Buttering Alloy 52

Buttering 309L

Fig. 3.5 Alloy 82, Alloy 52, 309L buttering schematic diagram.

Collection @ chosun
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Table 3.18 Welding conditions.

Specification

SA508 Gr.3 Cl.1

maintenance

Thickness 40T*300W=300
Preheat . . .
temperature 17°C(Groove), 123°C(Buttering)
Interpass ) o C L ape N
temperature Overlay : 175C, Buttering : 65C(1st~3rd layer)
Preheat

Maintained more than Min. preheat temp. during welding

Post heating

Temp.: 223~296°C, Time: 2Hr

Post weld heat

Range of temp. : 608~611°C, Range of time : 1Hr 22Min(Hr/inch)

PWHT was applied to 1~3 layers buttered weld but not to 4~5 layers

treatment
After buttering welding 608~611C 1Hr 22min PWHT
Shielding gas | AR, 99.99%
Flow rate 10 ~ 20 L/Min
Polarity DCEN(Direct current electrode negative)
Amps range 130 ~ 220 A
Volts range 11 ~13V
Bead type String
Gas cup size [.D 12 mm
erpass | orinsing
HEE S8l A0AM stSE=201 21 CHE Alloy 82, 52, 309L EJtMHE AFEGHN
E&otl 48 L 5852 212 690H ststd =0l Alloy 52 EIHMME EE S ofALt.
Fig. 3.6t &0l HHEHE E&O0l Alloy 82, 52, 309L EJIMHE AE6tH HA S 2H
diol 28 AMEEBES LIEHUHALE. 3042 AIEE B5 22 &8 288 2 SUH2EE
=0t EE =S otUL.
- 30 -
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S THOHl

Table 3.19= Mg=&
THLZE H
HE & 2340l £ g
E&0l= Alloy 82/52, 309LS AtEdtD 2Hel0l 2
=

8= ol

kJ
Ol
N
o
H
=
S

EIHIHE! Alloy 528 AtE0t0 EZotRULt. HEHE 8 =0l=s =E€X2lE ofH =€
XMel 242 2% 608~611C HRWA FXAIZS H 2min =X = AHSHAUC

Table 3.19 Welding heat input conditions.

Welding rod Current Speed ETC.
Welding | Welding Volts (Max
o- Dian range
pass methods range | o min) heat
Type eter | Range cm/min input)
(mm)
Buttering |  GTAW 300L | 2.4 | 130-220 | 11-13 | 10-13 13'07ka/
i
Overlay | GTAW | EANICrFe-7A | 2.4 | 130-220 | 11-13 | 10-13 13'07ka/
Buttering | GTAW | ERNICr-3 | 2.4 | 130-220 | 11-13 | 10-13 13'07ka/
2
Overlay | GTAW | EANICrFe-7A | 2.4 | 130-220 | 11-13 | 10-13 13'07ka/
Buttering | GTAN | ERNICrFe—7A | 2.4 | 130220 | 11-13 | 10-13 | ° '07ka/
3 13.7kJ/
Overlay | GTAW | EANICrFe-7A | 2.4 | 130-220 | 11-13 | fo-13 |
- 31 -
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4. 52 = EENMz YEEUH ME 558 E& AIEHE

2 MEAME MEB32(SA508 Gr.3 Cl.1) 20l STUHAN ST JHer St
M2 JIHE S4 9 ZXBSE BESIDA table 3.209 20 AIBEES ZFHI5t1
XN, B, DULAOZ STE 5l0I AIFBHS HMESAC

Table 3.20 Specifications for welding specimen for test.

No.

Specifications of specimens

Type of specimens

1

SA508 Gr.3 Cl.1(40T*300W=300L )

Low heat input

Overlay weld : Alloy 52
Medium heat input
2 SA508 Gr.3 Cl.1(40T*300W+~300L) Overlay weld : Alloy 52

3 | SAS08 Gr.3 CI.1(40T=300W+300L) |119N heat input

Overlay weld : Alloy 52
Alloy 52 EJIMHE Mot 2 AMEEHSH N, =, LDUIHCZ 2HY 0l &2
ol= A& ™O| schematic diagrame fig. 3.700 LIEILIKRSD, 2t SEXAHS table
3.21 il 2 ANIEEHSS 28 UIH2 table 3.220 LIEFLHRUALCE.
5 Layer
4 Layer
3 Layer
:I:a';-er

SA508 Gr. 2 CL1

Fig. 3.7 Low, medium, high weld heat input specimen.

Table 3.212 Mg=d 2Hd0l EE Al LS BHeE XS EHXHS UEHH

2 gzt HEHE &8 Al 123C, OFE 82 17CZ ol ks
HEl"d &8 Al 65C, OFE2 & Al= 175C=Z ottt deld 88 = EXHil=s
HEHY & = 2% 608~611C, SXAIZE Hr 22Min(Hr/inchg)=2 St L
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Table 3.21 Welding specifications(Low, medium, high heat input).

Specification SA508 Gr.3 ClI.1

Thickness 40T*300W=300

P-No. : 3(*) Gr.No.3

Type (*): P-No.3 with P-No.43(ERNiCrFe-7A) Cladded over 3.2 mm &
PWHT

Filler metal F-No. : 43, AWS Classification : ERNiCrFe-7A

Preheat . . .
temperature 17°C(Groove), 123C(Buttering)

Interpass Overlay : 175C, Buttering : 65T
temperature

Preheat

. Maintained more than Min. preheat temp. during welding
maintenance

Post heating Temp.: 223~296°C, Time: 2Hr

Range of temp. : 608~611°C, Range of time : 1Hr
22Min(Hr /inch)

Post weld heat | PWHT was applied to 1~3 layers buttered weld but not to 4~5
treatment layers

After 3 layer welding for Alloy 52 608~611C 1Hr 22min PWHT

Shielding gas AR, 99.99%

Flow rate 10 ~ 20 L/Min
Polarity DCEN(Direct current electrode negative)
Bead type String

Gas cup size [.D 12 mm
Interpass Grinding
cleaning

Multiple or

single pass and | Multiple / Single
electrodes

Table 3.22= M, &, 11 LESECZ AIEEH HMA Al HE= UEES LIEIH A2
 —

g IFE2 &8 Al S22
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Table 3.22 Welding conditions table(Low, medium, high heat input).

Welding ETC.
.I:iitt Welding | Welding rod Current Volt fgﬁgg (Max
L pass methods Diameter . range : heat
condition (mm) Polaity | Range (cm/min) input)
. 11.5kJ
Buttering 175 " 10
Low heat GTAW 0.4 DCEN /m
U overtay 180 | 11 o | 1.8
/cm
Medium Buttering 210 13 10 16;;31[’)”kJ
heat GTAW 2.4 DCEN 7 1K
input Over lay 220 13 10 ’
/cm
High Buttering 240 13 9 zeﬁnk“]
heat GTAW 2.4 DCEN o4 3K
input Over lay 250 13 8 /ém

5. €xlcl =2 55 E& A&H
X et (SA508 Gr.3 CI.1)2XH0ll Alloy 528 ALE5I0I XM, &, 1 4ge2=2 87
2Hel HEA JIHN S8 ¢ TGS b 2

Ol NS &Hlot) =EXel £2AH2 625CUH A 1Hr 302 =

Table 3.23 Specifications for welding specimen for test.

No. Specimen specification Specimen type

Apply annealing(625C, 1Hr 30min.)
1 SA508 Gr.3 CI.1(40T*300W~300L) |after low heat input overlay welding

with Alloy 52.
Apply annealing(625C, 1Hr 30min.)

2 SA508 Gr.3 CI.1(40T*300W+300L) |after medium heat input overlay welding

with Alloy 52.
Apply annealing(625C, 1Hr 30min.)

3 SA508 Gr.3 CI.1(40T*300W=300L) |after high heat input overlay welding
with Alloy 52.
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o

M 4 & &8 21

H1Z2 "B AF AIE 21

1. Butt E2& AIEH
Butt &% Al Alloy 82/52, 309L SItHl &t
=2-E

(1) Buttering weld : Alloy 82
Butt weld : Alloy 82(ERNiCr-3)

(2) Buttering weld : Alloy 52

Butt weld : Alloy 52(ERNiCrFe-7)
(3) Buttering weld : 309L

Butt weld : Alloy 82(ERNiCr-3)
(4) Buttering weld : 309L

Butt weld : Alloy 52(ERNiCrFe-7)

Table 4.1 Butt specifications of welding specimen
Type of specification

Specimen specification
1 + SB168 N0O6690

SA508 Gr.3 CI.

Size: 40T=150W=350L + 10T+ 150W*350L
SA508 Gr.3 Cl.1 + SB168 N0O6690
Size: 40T=150W=350L + 10T+ 150W*350L

2 |ai .
SA508 Gr.3 Cl.1 + SB168 N0O6690
Size: 40T=150W=350L + 10T+ 150W*350L

3 |Qive
SA508 Gr.3 Cl.1 + SB168 N0O6690
Size: 40T=150W=350L + 10T+ 150W*350L

=
gFRol

No.

OX No.1 ~ No.4 AlEH

22 ASME Sec. V.
o No.1 ~ No.4 AIE

[e=)
dHd=S E

gy

2
[

.

22 &1

Butt AIEHEZ2l &O0|
S0l CHot table 4.2%2F 20l radiographic test&
JI=E ASME Sec. IX ZEXiOll et
ol GHALE.

20 =
gxsYUS ol

0

fol
ro

g
(o] ]
BA S

Art .28

rir

Uy
i

T

e
i
0
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Table 4.2 Radiographic test results.

(1)Al'loy 82 | (2)Alloy 52 (3)309L+Al loy 82 (4)309L+Al loy 52
Volatge, 240 KV, 5 mA
Current
Focus size 2.5 mm
Material,
Thickness Pb, 0.127 mm
Film density 1.8~4.0
Exposure time M 10Sec
Source to
film distance 600 mm
Develop . .
condition 20C, 5 min
Test results Pass Pass Pass Pass
EMF HOHO HNMHZ S0I6H)| st HNBEEAMAAILl Z20E table 4.30 Lt
EFLH A CH

Table 4.3 Liquid penetration test results.

(1)Alloy 82 | (2)Alloy 52 | (3)309L+Alloy 82 (4)309L+Al loy 52
Preparation !
time of test 5 min
Time before
applying 1 min
developer
Penetrant
type P2, spray
Penetration !
time 15 min
Cleaner type RI-3, Handwipe
Developer _
type NPD-4, spray
Develop time 15 min
Ugh{;gg and Artificial light, 2000 Incandescent Buld With Reflector
Intensity of
illumination 1100 1x
Application
and judgment ASME Sec. V, Art.4, ASME Sec IX
Test results Pass Pass Pass Pass
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2282 HH ZEs ootk SER0 HH HEH 2AF = 16min S HEH Z
0l U= R0l HEMI AHEESE JICe O3 HMAHGSHLD SH&H SAE ot EF
£ HOO0 pit, hair crack A=K &0l GIAUCH, SoIZ Y HHZS0| gl 28R
US =0l GIACH. S0 St BIIIUAIE (BAEED, HHEEEA) 20 2F
gAo=2 EEOl D JIHN SHAE(QUE L Z8)S AIHSUCH

2. 2Hd 0l S& AlgH

QHUOIZE AMZES2 MY &

o =

H& W22 table 4.4%2F & CF.

Table 4.4 Specifications for overlay welding specimen.

No. Specimen specification

Type of specification

1 SA508 Gr.3 Cl.1(40T*300W=300L )

(1) Buttering weld : 309L
Overlay weld : Alloy 52

2 SA508 Gr.3 Cl.1(40T*300W=300L )

(2) Buttering weld : Alloy 82
Overlay weld : Alloy 52

3 SA508 Gr.3 Cl.1(40T*300W=300L )

(3) Buttering weld : Alloy 52
Overlay weld : Alloy 52

Table 4.52 20| 2B0IEE AMSESH wWE2T 60C H JIE&=Z% 50 dB €4
= XS BSXE AEZ0l0 =St B BAE =oAL, ESE R0 BAlE SIE
20t JAteH 21 B2 QIst BtAL SIJF S0t2E A0l A= A2 =N W
£ ZE0| gl Ads SERYS =oAL

Table 4.5 Ultrasonic test results.

(1) Buttering(309L)

(2) Buttering(82) | (3) Buttering(52)

Probe 2MHz ®24 S/N 57745-1932, 4MHz.8x9. 60°CS/N ABC-0445
Linearity Amp. Control 1dB Control : within®+ 1% FSH withint 1% FSH
Test and

correction angle

0C, 60C

Test method and
temperature

Contact type, Room temperature

Couplant

Glycerine

_39_
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Reference
sensitivity 50 dB (+6dB)
Application ASVE Sec. V, Art.4
standard
Judgment standard
and grade ASME Sec. IX
Test results Pass Pass Pass
PHYIOIEE HIE EHENH Z&= S0t DX table 4.610F 20 HHESEEAMAA
E GIAULCH. SN EAF T 20 ZEHZ W pit, hair cracks2 EHZE0| &
= 20| &0l ZI/UCH 2HAHOIE2E AIEHEN e B AAIE (=SLE A, M=
SEAN ) S SAHOZ BHHO T 28 L BAIES AHOIHLCH

Table 4.6 Liquid penetration test results.

(2) Buttering (82)

(1) Buttering (309L)

(3) Buttering (52)

Time after test
preparation

5 min

Time before
applying developer

1 min

Penetrant type,
Application

P2, Spray

Penetration time

15 min

Cleaner type,
Application

R1-3, Handwipe

Developer type,
Application

NPD-4, Spray

Develop time

15 min

Lighting and type

Artificial light, 200W incandescent buld with reflector

Intensity of
illumination

1100 Ix

Application
standard

ASME Sec. V, Art.4

Judgment standard
and grade

ASME Sec. IX

Pass Pass

Test results

Pass

Collection @ chosun
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8 2Eg dHail OE ™R JIHAE S4 & XIXUHSE 2HEotAX table
4710 201 M, &, 1YLZ EZFXAS 240l AMEE 55 88 = oA

Table 4.7 5 Layer specifications of welding specimen.

No. Specimen specification Type of specification

1| SA508 Gr.3 ClI.1(40T*300W*300L) gsngzstwéTguf Alloy 52

2 | SA508 Gr.3 Cl.1(40T*300W+300L) gsgifgthZTd'?pr|oy e

High heat input
3 SA508 Gr.3 CI.1(40T*300W+300L) Overlay weld : Alloy 52
h= 28 ANEEHESO S&EE Za= EClot DA =SIHEAZHAE table 4.82 =A
o2 M GIFUCH HAIZN WREZEE0 e ASs ST F 0| SIS ALCH.
Table 4.8 Ultrasonic test results.
Low heat input Medium heat input High heat input
specimen specimen specimen
Probe 2MHz ®24 S/N 57745-1932, 4MHz.8x9. 60°CS/N ABC-0445
Linear |ty Amp. Control 1dB Control : within+ 1% FSH withint 1% FSH
Test and . o
correction angle 0C. 60C
Tefémggggggrgnd Contact type, Room temperature
Couplant Glycelin
Reference
Sensitivity 50 dB (+6dB)
Application ASVE Sec. V, Art.4
standard
Judgment standard
and grade ASME Sec. IX
Test results Pass Pass Pass
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= QHYO0IESE AMEEH=S2 =&HHIE HEHE Za= E0IotAXF table 4.99 £A
Oz UHEEEMBAIE SHOULH. SH&H EAF = 828 EHE 2FZ2 0 HEH A
80| gl= 2102 EQIZQULL. 5& 2& AMEHSO e HIIIASE(=STHE A, ™
HMESEA) 2 25 2302 THEQ| S 2 & XXAIE@S =3H6HRULCE.
Table 4.9 Liquid penetration test results.
Low heat input Medium heat input High heat input
specimen specimen specimen
Time after test .
. 5 min
preparation
Time before 1 min
applying developer
Penetrgnt pre, P2. spray
application
Penetration time 15 min
Cleangr type, R1-3, Handwipe
application
Developer.type, NPD-4, Spray
application
Develop time 15 min
Lighting and type Artificial light, 200N incandescent buld with reflector
Intensity of
illumination 1100 Ix
Application ASME Sec. V, Art.4
standard
Judgment standard,
Grade ASME Sec. IX
Test results Pass Pass Pass
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H2Z Butt SR & AIE 21

HEZ S0 EJtM(Alloy 82/52, 309L)E ALESH0 MZAE Butt 88 AIFES
O AMEAIZZ table 4.1 220 Butt S&E AMEES2 UHAIE 2= table 4.10

CIZAIE 2 ASME BPVC SEC. IX(QW-150 Tension test)E JIE22 6t0 &AM
ANEEAL 255 2.9+£0.1C, & 56+£0 % SE0A Al® 21, SA508 Gr.3 CL.1 &
el oIE2E Min 550MPa(ASTM) @t Q1Y 690 AHSl Q1& 2& Min 586MPa(ASTM) 2
AxXAS 25 UEotsE UFZE 0 EE-UCH. BHHEHE L V-groove EE Al
Alloy 82 EJITHE AFE8H AIEE 1-1, 22 QIEZEDF JHE =0 U2 OIEH AlE
Ho IHZEI O U2 Olss BHEHE S0 AISE SOt A2 TIF Alloy
82(640MPa), 52(600MPa) 309L(590MPa) 0

Ol CIEAIEE 212 AlE &t = A2 A2 LIEIH AMISZ AIEEH EH
crackO| &AL X LULCH.

Fig. 4.1 Tensile test specimens.

Table 4.10 Tensile test results.

Specim Bread | Thickn Area Max i mum Tensile Tensile Fracture
en th ess (mme ) | oad strength strength shape and
(mm) (mm) (ka) (kg/mm? ) (MPa) location

1-1 19.07 | 10.93 | 208.44 15080.63 72.35 709
Ductile,

1-2 19.05 | 10.96 | 208.79 13422.07 69.21 678
Weld metal

2-1 19.07 | 11.03 | 210.34 13865.6 65.92 646
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2-2 | 19.11 ] 11.07 | 211.55 13405.3 63.37 621
3-1 19.06 | 9.44 179.93 | 11952.75 66.43 651
32 | 19.12| 9.65 184.51 12369.55 67.04 657
4-1 19.13 | 10.87 | 207.94 | 13685.78 65.82 645
4-2 1 19.09 | 11.12 | 212.28 | 13061.59 61.53 603

H3&E =& ANE 21

1. Butt & Alg®
Butt 2& AIHEHS2 AIHAIZEZ table 4.13F 220 Butt & A
table 4. 1101l LIEFLHRUACH. Z& Al AEE =Hl= 2 Butt E&E AFEHNMN EH
8 AE® I 01H Z2E A = = gt &
ANEEHS HHOUA crack £= pits0l ALK LUALD & |ineOl 2ot

N EEF0 AHL0l 2l ALt

W fr
0
e
1n
=
It
N
N
>
H
o #8
=
Il

k=
188
o

=
=

=

S

=
m
2

Table 4.11 Bending test results.

Specimens Specimen shape and picture Results

-1, 2 Face bend QW-462.3(a) Satisfactory

1-3, 4 Root bend QW-462.3(a) Satisfactory

2-1, 2 Face bend QW-462.3(a) Satisfactory

2-3, 4 Root bend QW-462.3(a) Satisfactory

3-1, 2 Face bend QW-462.3(a) Satisfactory

3-3, 4 Root bend QW-462.3(a) Satisfactory

4-1, 2 Face bend QW-462.3(a) Satisfactory

4-3, 4 Root bend QW-462.3(a) Satisfactory
Fig. 4.2 Butt 88 AMEHUHA =& AIEH(Side bend 2, Face bend 2H)4H
O NNE 2t = &2 E42 LIEtH AIR2Z AEHE EHOU A crack0] ALK &

- 44 -
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Fig. 4.2 Bend test specimens.

2. 28dI0l AIEHE
SED0 BILW(309L, Alloy 82/52)2 AIR3I0I HIXE 280l BF ABHS
M A2 table 4.122F 21 ZEAIES I8 AE® B L AIFSZDE table

4 1301 LHEHLH ALY,

=& AI®E ASME BPVC SEC. IX(QW-160 Guided-bend test)E JIE22 AlEE ot
CH ANEE FHle 2 QUHAI0IEE AMEEHNAN S =S8 AIgH 4HE 22 Jt&ol
o =HIGHRULCEH. Alg&E 2% 23£0.1C, 5% 74£1 % O 2 XIE 40 mm, 2%
180C=Z2 =& Al JIHE HE6IH AIEZ2W, 2= =% g AgE SER0AMA &
Z0| YN 0t 2R ANMLS =QIGHULE.
Table 4.12 Overlay specimens mechanical properties test items.
No. Specimen specification Test ltems
1 | SA508 Gr.3 Cl.1(40T*300W=300L) (1) Buttering (309L)
2 | SA508 Gr.3 Cl.1(40T*300W*=300L) (2) Buttering (82) fjgf MateriaIHa[sngS
3 | SA508 Gr.3 Cl.1(40T*300W*300L) (3) Buttering (52)
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Table 4.13 Results of overlay specimen bending test.

Specimens | Specimen No. SpeC|mgn shape and Resul ts
picture

1-1 SB-1 Satisfactory

1-2 SB-2 Satisfactory
Side bend QW-462.5(d)

1-3 SB-3 Satisfactory

1-4 SB-4 Satisfactory

2-1 SB-1 Satisfactory

2-2 SB-2 Satisfactory
Side bend QW-462.5(d)

2-3 SB-3 Satisfactory

2-4 SB-4 Satisfactory

3-1 SB-1 Satisfactory

3-2 SB-2 ) Satisfactory
Side bend QW-462.5(d) :

3-3 SB-3 Satisfactory

3-4 SB-4 Satisfactory

Fig. 4.3 Specimen shape after bend test.
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4B 3 ANE 21

20l E& AgH

SEL0 2 (309L, Alloy 82/52)8 AIREH0 HMIAE QHO0ISE AEHSO
H2 ASTM ERE JIES2 fig. 4.4% 22 |AXNNA +H5IU2

SE 6711 %0IA AIRGHACH

C
B35 dEsH2 Z28HBIE surfacelMd 20l 2mmUl |AXIst ZUAM 1000 T

ot 2mm 2tAL 2 =HOIULD fusion linelll BE=SHEZ base metallt E= 3=
ZBHRUA base metal Her22 20l 1mmOl *IXISH 0lA 10JH0I CHOLY 2mm 222
2 =& otUCH. 2l base metal2l BE=H 2 base metal HIHUHA &% &2
10mm @I X8t Z0lA 10JH0l CHOLd 2mm 2tH2 2 Z&HOIRULCH. AMEZ M= table 4.14

2 fig. 4.501 dch== LIEHLHALE.

/ Surface
& o
e 0 0 o © © © o b
| 2 3 4 5 6 7 8 9 10
& -
29 o © o o ® © ¢
1 2 3 4 5 B T, a8 q 10

Fusion line Base metal

2

a—% & @ ©® ¢ @ o ® o
i 2 3 4 5 8 i 8 9 10 2

Fig. 4.4 Overlay welding specimen hardness test locations.
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Table 4.14 Qverlay welding specimen hardness test results (Table).

Specimen 1 Buttering (309L) hardness(HV10)

Test
locat ions 1 2 3 4 5 6 | 7 | 8 | 9 | 10 | Ave.

Sur face 237 | 230 | 238 | 239 | 241 | 245 | 234 | 243 | 240 | 244 | 239

Fusion line | 245 | 248 | 253 | 249 | 252 | 250 | 248 | 238 | 241 | 240 | 246

Base metal 204 | 190 | 196 | 195 | 199 | 200 | 198 | 202 | 200 | 198 | 198

Specimen 2 Buttering (Alloy 82) hardness(HV10)

Test
locat ions 1 2 3 4 5 6 7 8 9 | 10 | Ave.

Sur face 243 | 245 | 242 | 234 | 245 | 238 | 244 | 242 | 238 | 241 | 241

Fusion line | 328 | 326 | 324 | 326 | 321 | 327 | 332 | 329 | 327 | 324 | 326

Base metal 203 | 202 | 203 | 200 | 202 | 204 | 200 | 204 | 205 | 203 | 202

Specimen 3 Buttering (Alloy 52) hardness(HV10)

Test
locat ions 1 2 3 4 5 6 | 7 | 8 | 9 | 10 | Ave.

Sur face 238 | 247 | 236 | 237 | 236 | 242 | 240 | 243 | 246 | 242 | 240

Fusion line | 253 | 257 | 256 | 259 | 251 | 254 | 258 | 254 | 260 | 257 | 255

Base metal 198 | 196 | 204 | 195 | 197 | 201 | 204 | 202 | 204 | 202 | 200
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Fig. 4.5 Overlay welding specimen hardness test results (Graph).
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LU0l AIZES HEHY STl It (309L, Alloy 82, Alloy52)E AHSSHH HMIZ

st N8BS ZEZAE 21

fusion LineUlAl 22 & g0l JI&E =2

A
(326HV) OIS0 BHOHZ Z& g0l It 2 A2 AIEE 18(246HV)2 =0l TJUCH.
U0l AIZEES HEY ST AIEE 01 AZ2EIF 309L(590MPa), Al loy

82(640MPa), 52(600MPa)= Fusion LineUIM Z&Jt JHE =
d

S0l Alloy 822 AlS
2. g0 ChE

5% EE ANEHE
2T YL HSIE FH 55 U0l ST AIFEHS ATAEE ASTM ERE
JIESR fig. 4.6 22 < 2 EZHIS

HGFLCEH. Fusion |inell ==& base metal it E2= =252 A
2

2 20l 1mmOl AXIE 20IA 1094 XIZ0l CHoH 2m

m
metal 2l A=A base metal HBIE0A AR &2z 10mm XISt ZUHAM 1090 X

Ol CHoll 2mm 2tA2=2 BAEE =& SIAUL.

/
2 “$
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Fig. 4.6 Low, medium,
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Table 4.15 5 Layer specimen hardness test results by heat input(Table).

Low heat input weld hardness(HV10)

Test location 1 2 3 4 5 6 7 8 9 10 | Ave.
Sur face 192 | 200 | 204 | 201 | 197 | 198 | 198 | 201 | 202 | 204 | 199
Fusion line | 250 | 259 | 254 | 258 | 252 | 257 | 251 | 258 | 253 | 256 | 254
Base metal | 195 | 193 | 190 | 193 | 192 | 194 | 195 | 188 | 192 | 189 | 192
Medium heat input weld hardness(HV10)
Test location 1 2 3 4 5 6 7 8 9 10 | Ave.
Sur face 191 | 185 | 192 | 190 | 192 | 192 | 196 | 200 | 195 | 201 | 193
Fusion line | 238 | 234 | 239 | 230 | 234 | 235 | 237 | 231 | 235 | 240 | 235
Base metal 189 | 194 | 192 | 191 | 192 | 189 | 190 | 193 | 192 | 190 | 191
High heat input weld hardness(HV10)
Test location 1 2 3 4 5 6 7 8 9 10 | Ave.
Sur face 187 | 186 | 182 | 183 | 178 | 184 | 182 | 184 | 185 | 180 | 183
Fusion line | 209 | 204 | 217 | 214 | 210 | 207 | 208 | 214 | 210 | 212 | 210
Base metal 191 | 196 | 187 | 190 | 192 | 188 | 195 | 193 | 194 | 192 | 191
-5 -
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Fig. 4.7 5 Layer specimen hardness test results by heat input(Graph).
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ASTM E92Z JIZEOZ fig. 4.81 22 ARMAM 235t
surfacetl A 20l 2mm0l XISt XNIBUHA 2mm 2tZ22Z =&

2 base metal it E2= 252 ZHR0AM base metal &k

iﬂ

CH E==

J

S

i
0
ro

Z 20| 1m0l ®I X8t X

ot fusion linel =&
2!
=3

HOUAMN 2mm 2tH0=2 EHS ofC. 2l base metal? SA2 20 HIEWA A8
gtsto 2 10mm XISt XNEOUHA 2mm 2222 BESHE =oAL
Surface
/
2 ~
e—e 0 © ©® @ o ¢ o ;
1 2 3 4 5 6 1 8 9 10
>0 © © 0 0 0 © o ¢
1 2 3 4 5 6 1 8 9 10
Fusion line PWHT after weld specimen apply By
low, medium, high heat input

2
HO‘.OOOOOj-
12 3 4

Fig. 4.8 Hardness test positions after post heat treatment.

55 88 MEES =2ZXNc = - ZHZUE table 4.17 & fig. 4.90 cHZE
£ LIEHHRAULCE.

Fusion lineUIAl HEDF JIE =2 AIEEH2 HE g0l 201HV o N 22 =& ¢
SHXYEIE & AMETHO|LD B2 FETIF JIE <2 AlgHe JE 2H0] 192Hve! 1
e 28 U SEXeIE & AEHOIC.
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Table 4.17 5 Layer hardness test results of PWHT specimens(Table).

Low heat input weld and PWHT hardness(HV10)

Test
locat ions 1 2 3 4 5 6 7 8 9 | 10 | Ave.
Surface 176 | 184 | 179 | 185 | 179 | 175 | 174 184 | 173 | 175 | 178

Fusion line 198 | 200 | 204 | 194 | 200 | 209 | 204 | 206 | 203 | 201 | 201

Base metal 189 | 185 | 184 | 187 | 187 | 185 | 192 | 184 | 189 | 194 | 187

Medium heat input weld and PWHT hardness(HV10)

Test
locat ions 1 2 3 4 5 6 7 8 9 | 10 | Ave.
Sur face 172 | 178 | 180 | 182 | 175 | 177 | 175 173 182 | 175 | 176

Fusion line | 201 | 204 | 195 | 200 | 204 | 202 | 192 | 192 | 197 | 195 | 198

Base metal 189 | 185 | 193 | 183 | 180 | 182 | 185 | 190 | 188 | 192 | 186

High heat input weld and PWHT hardness(HV10)

Test
locat ions 1 2 3 4 5 6 7 8 9 | 10 | Ave.
Sur face 178 | 168 | 173 | 169 | 172 | 170 | 174 172 174 | 170 | 172

Fusion line 191 | 189 | 189 | 192 | 194 | 189 | 192 | 195 | 193 | 197 | 192

Base metal 180 | 196 | 185 | 184 | 190 | 182 | 194 | 192 | 187 | 194 | 188
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Fig. 4.9 5 Layer hardness test results of PWHT specimens(Graph).
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1. eSS0 HE 55 S8 ANSHE
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AN ger AMgmol X2 A8 Z2E fig. 4.1000 LIEHWHACH. M &g XHo 2
HOo=Z, 214l 690 IIMQ! Alloy 522 0.9mm 20IHZ ME220 5& 2ES A Al
ol ZEAIEE AEEHS 12060 weld metal, HAZ, base metall &S 2EGIY

22 2, weld metall OIMIZERES 2LAHUOIE columnar #=XI&0] 2EEA2H
HAZO A= base metall ZCHSH =& CHH| Z2ol Farol ofst =& OIMI3OH L
Etst=0 =2 HIOILIOIE2 HIE0IEDL EMME SEHE LIEHSCEH.

Base metalOiM= &= HIOILIOIE =&t 1) S0 2XEE H0IE =20 2EE
AUCEH.

|:l

1. Weld metal 2. HAZ 3. Base metal

ASTM E407-07e1 Application of organization test procedures

Fig. 4.10 Low weld heat input specimen test results.

T YEE AMgE2 X AE Z2UE fig. 4.1100 HEIUHATH. = PE XHLZ,
oId 690 EIHIHQ! Alloy 522 0.9mm 2t0IHZ Ne=20l 58 E&HS AAIGHD =
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HE JI26l0 weld metal, HAZ & base metal 2 225 2EGIALCEH
22 ZF weld metalfilMd=E 212E Alloy 52 S&2%2 &0z QLAHUOIE
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o DY
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ASTM E407 O7e1App| |cat|on of organlzatlon test procedures . |

Fig. 4.11 Medium weld heat input specimen test results.
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Fig. 4.12 High weld heat input specimen test result.
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Fig. 4.13 Low heat input specimen metal structure after PWHT.
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1. Weld metal _ | 2. HAZ | 3. Base metal |

ASTM E407 O7e1 Appl |cat|on of organ|zat|on test procedures . |
Fig. 4.14 Medium heat input specimen metal Structure after PWHT.

DUEE STHAMEEUN =EMel = L2 fig.4.150 LIEIHATH. D_E X249
EZCZ Q1A 690 EIHIHL Alloy 5221 0.9mm 2A0IHZ MeS=2Z0 558 E8= &
6250l A TAIZE 30= & AlISH AIEE Ol CHol A DIAIZZ HALE

St AIEHE JIE = weld metal, HAZ
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Natel SElE D UON A ost XRO HEAE=E Mg & =d XA

ASTM E407-07e1 Application of organization test procedures

Fig. 4.15 High heat input specimen metal structure after PWHT.
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