[UCI]1804: 24011- 200000232658

9Cr-1Mo7o| W3t Laser @ SMAW

$H9 9 2 gy A%l B

The Fundamental Study of the Heat and Mechanical
Behaviors between the Laser & SMAW Welds of 9Cr-1Mo
Steel.

EN
o
k)
o
R
-
o
o

o
=
:Oé
02
ot
o
[

N,
ro,
>



9Cr-1Mo7}°| W38 Laser ¥

The Fundamental Study of the Heat and Mechanical
Behaviors between the Laser & SMAW Welds of 9Cr-1Mo
Steel.

2006 24

PN
[
£
o
=
£
o
o

>

=
:CI>L_44
o
of
i
[

N
ro,
>



al
=

I Laser

°
L

QCF—JMO%]' Oﬂ EH

2005 d 114

T

o

E

;Oﬁl

X

N



List Of Figures «tretreseeerrerreerenserantutntntuintitintiiittinttineeneanee m
List Of Tables «reeterteeeereerentsettettiatitiiiiiiiiieiiiciiiiietieciecatieciesaces v
ADSEract eeeeeeerrrerrrreeeetiteetiiiiiiiiietiiiiiiiiiittttiiiiiittttctiiiiitttttsaneans Vv
Al 1 A A B oo 1
1.1 AF B 2 BF e 1
1.2 GF D AG ceeeeerrrrriiiii 1

Al 2 A FA] O] T ceeerrrrrrr 3
2.1 QAXE O]9 FFAA HASFF coeveerrnerrmn 3
2.2 GEBXE FHAL T T cooerrrnn 6

2. 3 e A O]EY FFAAE HAF; creeereerrerrnentiniiieeee 7
2.4 LARABTLE FHA L TR T coeeerrrriiiiiiii 9
2.5 A Bl T LAZZ e 10
2.5. 1 A AF L QIYEE coeeei 13

A 3 LA AR XA oo, 17
3.1 Zzte] £AYo] 23 LAGET A cooeeerrrrnrrrerriniiiiiniiinie, 17
3.2 SRR FoJF TLA cereereerrrertti 29
A4 F LA AFE FIFSHETE FIFHA crevererereereennnininnin., 23
4.1 2 $380) THE FHRBRSYRT A e 23
A5 A Z)1AZA ZFE AJG cevereererrreirniii 26

_|v_



L1 ABTIG] A -orrorsecresncrsnsisastesncssasssastaontisnsssansaonsssnsssonsaonsaonssrons
.2 A HHOY A F} eeeeeerernnerenneeten e

05 FE H AL QIHAE e
DB L QIR AJF] ceeeeveeeesrereneenntee e



List of Figures

Fig. 1 Flow-Chart of analysis on thermal distribution «::eoseeseeseeemrerreee. 6
Fig. 2 Flow-Chart of analysis on welding residual stress «ooeeoreereereeeee. 9
Fig. 3 Schematic mesh division for F.E analysis rroorrrrrremmremreeee 12
Fig. 4 Boundary Condition for thermal elasto-plastic analysis «w-eeooeeeeeeeee 13
Flg 5 Specimen Size Of SMAW 600 ....................................................... 14
Fig. 6 Specimen Size of SMAW 30° «rreerrrrreermumteemmmtteniiiieniiiieenieee, 15
Flg 7 Specimen Size Of Laser ............................................................... 16
Fig. 8 Heat Distribution of SMAW G0° «reeerrrrrreermmmrreemiiireaniiiieeniiieenn, 19
Flg 9 Heat DiStribUtiOl’l Of SMAW 300 ................................................... 20
Fig. 10 Heat Distribution of COg LASEr «+srereesssrrreemmmmmeemmiiiteniiieenine 21
Fig. 11 Temperature History of 9Cr-1Mo Steel Weldments ««-eemeeereeeeee 23
Fig. 12 Residual Stress of 9Cr—-1Mo Steel Weldments «:rworeeeeerereereeeeeeees 25
Fig. 13 Micro Vickers Hardness TESter « -« s-eseereerreemmmiaiininiiaininineneniene 28
Fig. 14 Hardness of 9Cr—1Mo Steel Weldments «::oeoereerreeeeereeieeeinee. 29
Fig. 15 Charpy Test Machine and Specimen of Impact Test «:ooeeeeerreeerereeeeeees 30
Flg 16 Specimen Of Bending and Tensile Test ...................................... 32
Flg 1’7 Machines Of Bending and Tensile Test ...................................... 32
Fig. 18 Results of Bending Test «««terrreeesrsrreemmummtemiimieaiiiieninenies 33
Fig. 19 Tensile Test Results of 9Cr—-1Mo Steel Weldment «:-reeeeeeeeeeeeeeeees 35
Fig. 20 Specimen of High Temperature Tensile Test «roreorerrerrrereee.. 37
Fig. 21 Machine of High Temperature Tensile Test «orooeeeereeereeeieeeene. 38
Fig. 22 High Temperature Tensil Test Results of 9Cr-1Mo Steel weldment

_Vl_



List of Tables

Table. 1 Chemical composition and Mechanical property of welding rod -+ 2
Table. 2 Laser and SMAW Weldlng Condition ......................................... 10
Table. 3 Physical property of 9Cr=1Mo Steel ««eeeewrrrrrrrmmmmmmmmii. 11
Table‘ 4 Weldlng Condition Of SMAW 600 .............................................. 14
Table‘ 5 Weldlng Condition Of SMAW 300 .............................................. 15
Table. 6 Chemical composition and Mechanical property of base metal -+ 26
Table. 7 Results Of IMPact TESE ++e+serrerseererertremimininintne e 30
Table 8 ReSU]tS Of Tensﬂe TeSt ........................................................... 36
Table 9. High Temperature Tensil Test Results oo 40

- Vil -



ABSTRACT

The Comparison of the Heat Distribution Characteristic and
Mechanical Behavior betweenthe Laser & SMAW Welds of 9Cr-1Mo
Steel.

Kim In Sik

Advisor : Prof. Bang Han Sur, Ph.D
Department of Naval Architecture and
Ocean Engineering

Graduate School of Chosun University

The pressure vessel and pipe laying used for atomic power plant and
petro—chemical plant is subjected to harsh environments such as high
temperature, high pressure, hydrogenates environment etc. Low alloy Cr—Mo
steel known to be considerably superior for heat, pressure and corrosion
resistance is used for the manufacturing above structures. However, welding
process generates deterioration of material and welding residual stresses
caused by thermal cycles of heating and cooling, which reduce the stability of
the weldment. These effects are quite different according to the welding
methods (i.e. according to the various heat sources) [1]. Latest technical
advance has made welding for thick plates capable by high output of laser
welding equipment. Laser welding gives a minimum thermal shock to adjacent
quality of the material, accurate welding, minimum welding contraction and
transformation and has an advantage obtaining high quality of welding with
minimum heating of the material quality when compared with arc welding

process. In spite of the merits of laser welding when compared to arc
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welding, laser welding is mainly used in joining of thin steel parts of
electronics industry. Laser welding is getting widely used in joining thick
plate and special kinds of steel due to its high power. While the arc welding
is still applied for 9Cr-1Mo steel which is the essential materials of atomic
power generation equipment, the laser welding is not yet applied despite of its
high quality. So it has been applied in a special case demanding high welding
quality, such as atomic power plant.

Therefore, in this present study, in order to confirm the possibility of
applying the laser welding to heat and pressure resistance steel, low alloy
9Cr-1Mo steel was fabricated by SMAW and COZ laser welding, and the
characteristic of welding heat distribution and residual stress in weldments of
each welding process have been investigated and analyzed using the two
dimensional heat conduction and elasto-plastic simulation. The strength of
welded joints has been evaluated through the mechanical tests(hardness, low
thermal toughness, bending and tensile). The Charpy test was carried out to
understand the effect on the fracture toughness of weldments. The results of
examination and test of the mechanical properties showed the validity of this
research.

Accordingly, in this research, the mechanical properties of weldments by arc
and laser welding were investigated using FEM to confirm the applicability of

laser welding to 9Cr-1Mo steel.

_|X_



FAM AREEHAA L = ARTE L2l A

1

hY

=

1

All1ZA

11 47 73 2 23
Ao M AREE I glor, o

'~

JoIH,

2

he

°

7}

=

=4 o

XUJXJ

Z 2l&] 9Cr-Moe <27}

il
o

15}

o
2

Zhell thsf 3}

T

-

5

°

ol SRl met ojg A Wt

|

o

ojp

0

-

Tor

o

1

°
hu

gal Lholrtol

=

AFREE &

'
1 B

A

&

1

hS

9Cr-1Mo 7ol

R

Aol M =

O
il

A=k

THEOEA JidE Cr-Mo 7ol o

B

X

"K

B
R

= o
- =

ol

bl g 24

9

2 s

ol Laser €7l thal

R

oo

el Laser

do
of

o7 A=

1

;OU
wmo

:':r'

el

ze)

-

ol

=y
el
i
T

olo

9;]\

bz o

file)

& 7tsde HE

o A

43

o A
=

9Cr-1Mo72] #ol# |&H74 gl o
AT THE vH|gk Aol Aoty B A= 23k

1.2 47



%
k)
Y
oft
=2
o,
e
~
P
L
re
-4
it
4
ot
ol
ol
kd
D)
ol
o
2
lo
R
)
o2
o
ol
k1
>,
oL
o
of A
o)

- 9Cr-1Mo7de] $84 B4 Bl SHWel B S A,
> SMAW Btti”] &3 (300x500x16T)

- A8 &HE : S-9016.B3 3.2mm, 4.0mm

Table. 1 Chemical composition and Mechanical property of welding rod

Product Chemical Coposition (wt%)

C Mn P S Si Cr Mo

0.085 0.379 0.080 0.097 0.336 9.376 0.911

CM-90 Mechanical Properties

Yield Stress (MPa) Tensile Stress (MPa)
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Fig. 1 Flow—Chart of analysis on thermal distribution
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Fig. 2 Flow—Chart of analysis on welding residual stress
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Table. 2 Laser & SMAW welding condition



Type Power Speed Shield gas
CO, Laser 12 KW 1 m/min He 15¢/min
Groove Current Volt
60° 170 A 25V
SMAW
HJ Speed Pass
17 KJ/cm 15 CPM 10

Table. 3 Physical property of 9Cr—-1Mo steel
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. . Thermal Thermal
Temp Density Specific heat i ductivit
expansion conductivity
() (g/cw) (J/KgK) 6
e ® (10°9/K) (W/mK)
RT 402 11.15 26.0
100 427 11.30 26.4
200 461 11.60 26.8
7.78
400 528 12.10 27.6
600 595 12.65 26.8
700 624 12.85 26.8
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Fig. 3 Schematic mesh division for F.E analysis

- Al -



v

Fig. 4 Boundary Condition for thermal elasto—-plastic analysis
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Fig. 5 Specimen Size of SMAW 60°
Table. 4 Welding Condition of SMAW 60°
Pass Current(A) Volt(V) Speed(CPM) H.I(KJ/cm)
1 170 25 14 16.6
2 170 25 15 17
3 170 25 15 17
4 170 25 16 17.3
5 170 25 15 17
6 170 25 15 17
7 170 25 15 17
8 170 25 17 17.8
9 170 25 17 17.8
Back Gauging A
10 170 25 15 17
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Fig. 6 Specimen Size of SMAW 30°

Table. 5 Welding Condition of SMAW 30°

Pass Current(A) Volt(V) Speed(CPM) H.I(KJ/cm)
1 170 25 14 16.6
2 170 25 15 17
3 170 25 15 17
4 170 25 17 17.8

Back Gauging A

5 170 25 15 17
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Fig. 8 Heat Distribution of SMAW 60°
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Fig. 11 Temperature History of 9Cr-1Mo Steel Weldments
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Table. 6 Chemical composition and Mechanical property of base metal

Materials Chemical Coposition (wt%)
C Mn P S Si Cu Ni
0.085 0.379 0.019 [ 0.0008 | 0.336 0.080 0.097
Cr Mo Al Nb \Y N
9Cr-1Mo
9.376 0.911 0.032 0.080 0.189 0.042
Steel

Mechanical Properties

Yield Stress (MPa) Tensile Stress (MPa)
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Fig. 14 Hardness of 9Cr-1Mo Steel Weldments
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Fig. 15 Charpy Test Machine and Specimen of Impact Test ( KS B 0821 )

Table 7. Results of Impact Test

esult SMAW 60° SMAW 30° CO; Laser

Numbe 0C ~20C 0C -20C 0C -20C
1 1987 | 1167 | 1567 | 1167 | 15617 10 J
2 12.6 7 25.7 ] 16.2 J
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Thickness(t) : Original thickness
Width(W) : <35mm
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(a) Specimen of Bending Test
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(b) Specimen of Tensile Test

G-Gage length 1 25.0£0.08mm
W - Width 1 6.2510.05mm
T - Thickness D 6mm

R - Radius of fillet,min : 6mm

L - Over-all length, min : 100mm

A - Length of reduced section, min © 32mm

B - Length of grip section, min :32mm

C - Width of grip section, approximate : 10mm

Fig. 16 Specimen of Bending and Tensile Test

Fig. 17 Machines of Bending and Tensile Test
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Fig. 18 Results of Bending Test
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Fig. 19 Tensile Test Results of 9Cr-1Mo Steel Weldment

oflt

B AT AR AHE F9 AlnkzAlel A ASEE 20tnFOE WS

EZZ = Imm/minl. 2 P3G T Aol = &80 wet ekte] Aol=
ATt SRAIHEY A EA wvlE AT S ole & F Ul

LA JFRsHoz A el 7 AY, A BEE FF -2l

AlH BFE 8418 2R g FHo{xZ Max load 2 Rupture loadd] #He

SRl da}lol FAHA 238 ol &3 4 Rupture load 7} o7 =

ol ol &4 H¥ d9 EHo= 3 Fu FI9IF xR gHo=

e Aoz At HTH

- XBBVI -



Table 8. Results of Tensile Test

SMAW 60° SMAW 30° CO2 Laser
oad
Numb Max Rupture Max Rupture Max Rupture
Load(KN)| Load(KN) |Load(KN)| Load(KN) |Load(KN)| Load(KN)
1 27.72 13.44 27.65 12.44 27.76 13.39
2 27.70 13.14 27.91 13.96 27.77 13.54
Average | 27.71 13.29 27.78 13.20 27.77 13.47

5. 6 Z2AZFAF

9Cr-1Mo%d &4+ 1223 54 24< 9d CO: oA &35F, SMAW
60°, SMAW 30° &3+-9] 2% AldS Ao, 949 7texddl i
< }4& agste] ZF B wet 700CoAA JdFAIES Sl

A AFAE " VEAE A AZ B Fig. 2000 B wkek Zo] 1 ASTM
A370 (Small-size specimen proportional to standard) T+l &3t #2313

o,
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G - Gage length :25.0£0.10mm

D - Diameter :6.25£0.12mm
R - Radius of fillet , min :5mm
A - Length of reduced section, min : 32mm
Fig. 20 Specimen of High Temperature Tensile Test
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(c) COz Laser

Fig. 22 High Temperature Tensil Test Results of 9Cr—-1Mo Steel Weldment
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Table 9. High Temperature Tensil Test Results

SMAW 60° SMAW 30° COq Laser
Load
Temp
Max Rupture Max Rupture Max Rupture
Load(KN) | Load(KN) |Load(KN)| Load(KN) |Load(KN)| Load(KN)
1 6.15 2.94 6.01 2.98 6.05 2.94
700
T
2 5.78 2.96 6.30 2.95 5.91 2.96
Average 5.97 2.95 6.16 2.97 5.98 2.95
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