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Prediction of Toughness in HAZ produced by Temper Bead Welding of Consistent
Layer Technique
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Abstract: Temper bead welding (TBW) is one effective repair welding method for the large-scale nuclear
power plants instead of post weld heat treatment (PWHT). Consistent Layer (CSL) technique is the
theoretically most authoritative method among the five temper bead welding techniques. For TBW,
toughness is the key criteria to evaluate the tempering effect. A neural network-based method for
toughness prediction in heat affected zone (HAZ) of low-alloy steel has been investigated to evaluate the
tempering effect in TBW. On the basis of experimentally obtained database, the new toughness prediction
system was constructed by using Radial basis function-neural network. With it, the toughness distribution
in HAZ of TBW was calculated based on the thermal cycles numerically obtained by finite element
method (FEM). The predicted toughness was in good accordance with the experimental results. It follows
that our new prediction system is effective for estimating the tempering effect during TBW and hence

enables us to assess the effectiveness of TBW before the actual repair welding.

Keywords: Toughness, Neural network, Temper bead technique, Consistent Layer technique, Heat
affected zone
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Table 1 Chemical composition of materials

Material Chemical composition (mass %)

C Si Mn p S Ni Cu Cr Mo Ti Al Fe Co
AS3B 512 026 143 0006 0002 053 002 001 051 - 0038 Bal
(Base metal)
MG'SSGX 0.06 043 151 0.06 0.005 089 0.03 004 035 009 001 Bal. <0.01
(Filler metal)

TvvaRl TperRL

—~ == sz:CRz
L £,
700 - % 1 SO i
g 5 Temper Jemper
? g cycle cycle
2 &

Time (s) Time (s) Time (s) Time (s)

Fig. 1 Four types of thermal cycles in temper bead welding produced by CSL technique: (a) 1-cycle,

(b) 2-cycle, (c) 1-cycle+temper and (d) 2-cycle+temper.
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Fig. 2 Sample of Gleeble test (®#15X60mm)
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Fig. 3 Specimen of side-notched Charpy impact test



Table 2 Welding conditions of temper bead welding

Layer Current  Voltage Wire feeding Welding speed Heat input  Number of
[A] V] speed [cm/min] [cm/min] [3/em] passes
1st 250 16.7 200 10 25050 8
2nd 140 13.2 110 30 3696 21
3rd 140 13.2 110 30 3696 21
4th 180 14.7 130 30 5292 13
5th 200 15.7 150 20 9420 9
6th 200 15.7 150 20 9420 9
7th 250 16.7 220 20 12525 7

Weld metal

(b) Extended welding using EBW
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Fig. 4 Procedure of preparing the Charpy impact test specimens of TBW:

(a) Cutting the welded part, (b) Extension by EBW (Electronic Beam Welding), (c) Charpy impact

sample cutting from the extended sample and (d) Final side-notched Charpy sample

SHRBLUSBE
3.1 FEEYA I NAEMOBMET —4 X
— 2 L ERILAER

FEx DEA A 7 NV E N2 T BB A 7
MR Z e L E— BRI L, ==
—INHy NI =TI ANT HHRT — 5 %
iz, av VAT R LAY —IETIE, H2
JELARE D ©— RDOEY A 7 WZIB N T Ac A
BAE2BAT, 7o ROBLEZT 5.
ZL T, 2T ATV F AP —{EIZIT Fig.l
ISR & 9 7R ATEEOBRY A 7 L hd B
IO DB A 7 VT DT — 2 R —
AzAER LTz, fBil& LT, 1-cycle &
1-cycle+temper DEY 1 7 V& Gz oo

ORI ERE R % Fig. 5. Fig. 6 (2R3, =
NHOFRRITHESE, =a—F Ry FU—
7z &0 EAE L7 R OB 2 Fig.7 127,

180

——CR=100°C/s
160

—#-CR=60 °C/s
140 ~ A
\'\‘t [\ CR=30°C/s
120
\ —8—CR=3°C/s

\ /]
o A
- WA
p VA =SaSNaZl

20

Absorbed energy, vE ()

0
400 500 600 700 800 900 1000 1100 1200 1300 1400

Temperature (°C)
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experimental measurement
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Fig. 6 Relationship between the absorbed energy and TCTP after 1-cycle+temper
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Fig. 7 Absorbed energy prediction system of 1-cycle:

(a)3D-figure and (b)2D-counter figure
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Fig. 8 Comparison between measured and

calculated toughness of arbitrary thermal cycles
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Fig. 9 Simulated peak temperature distribution

of 7layer-88pass welding

Absorbed energy (vE) distribution of
7 Layer-88 pass welding
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Fig. 10 Calculated toughness distribution in HAZ

of 7layer-88pass welding based on FEM analysis
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