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Abstract

Different microstructures in the weld zone of a metal structure including a fusion zone and heat affected
zone are formed as compared to the base material. Thus, the mechanical properties in the weld zone are
different from those in the base material. As the basic data for reliably understanding the structural
characteristics of welded nuclear material, the mechanical properties in the weld zone and base material for
a Zircaloy-4 strap and Hastelloy®-X alloy strap are measured using an instrumented indentation technique

(IIT) in this study.
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Depth

Indentation load—depth curve

Fig. 1 Indentation load-depth curve
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Table 1 Chemical composition of Zircaloy—4

Alloying element(wt%)

7r Sn Fe Cr

Rest 1.20-1.70 0.18-0.24 0.07-0.13

Top nozzle
(or top end piece)

Spacer gt;id

Fuel rod

| Bottom nozzle
B (or bottom end piece)

Fig. 2 PWR fuel assembly
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Primary vane

“" Guide tube

Secondary vane
Mixing vane

Spacer grid

Fig. 3 Spacer grid assembly and weld bead
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Fig. 4 Etched specimen and indented positions in
Zircaloy—4 strip
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Table 2 Welding conditions for the Zircaloy-4
spacer grid specimens

Peak power (kW) 3.20
Pulse width (ms) 6
Repeat 17
Number of shot 6
12007 Weld [ 1200758535 Weld L2
—*-urs —*-uTs
1000 /k/ 100
= poe 9\ =
£ 800 \ g o0 \«
S 14 \ =) o
N K/ff“s./\\‘}\- = /%
B 50C 0 5
’E;ﬂ — E: :/./f
£ 300 2 300
%] 21
100 10
0 ©
6 54 3 210 12 3 45 “65 b3 -2 410 12 03 4 5
Distance from weld center (mm) Distance from weld center (mm)
12007 - R -
= Weld L3 - Weld )
1000 1000
< s
£ 800 ./\ 2800
S ols- \w S}
= . =
B 500 ././" 5500] o
= =
£ 300 2 300
=] =]
&5 0
100 100
0 0

65 43 2-10 12 3 4 5 654 3 -2-10 12 3 4 5
Distance from weld center (mm) Distance from weld center (mm)

Fig. 5 Variation of mechanical properties in
Zircaloy—4 strip

AZE HAEHeR VAE BAXE ST 49}
AAE JeE Aoz Fig. 40014 £35(Weld) S
Noz ofFA vehd 9] &g HAZE \%Ehﬂ
3 ek 2 AT AR AR ARA glolA w84
s AZAE Table 29 Yveht Qi

Fig. 5& Fig. 491 L1, L2, L3, 14 Z@%’Mf‘—w}
g} 71AA EA4A9 ¥skE veRd Zlog BAjd Bg

N—=
L5589 [AZA e AT Eo .4 Hal7l 5
=

32 Hastelloy®X alloy Erije| A x|

Hastelloy®™X alloys UA-H-a2-Eg8
o2 AAYAY 9@ a5 k] Wi
TFERAR dy] AReEH gxAQ 38tz Table
7 2.
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Table 3 Chemical composition of Hastelloy®X alloy

Alloying element(wt%)
Ni | Cr | Fe | Mo | Co | W C | Mn | Si B

47 | 22 118 | 9 | 156106 |0.10] 1 1 10.008
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Fig. 6 Overall dimensions and parts of a PHE
prototype

FEE vehd A
°l H stelloy -X
al

alloy A= AR o AAe] waiele TIG
S =] Qi
el 8L J—’L@J] 2% AAIFe] diste] 2AlS

7NAA BRI AREe m2F2s)A Adtel oshd
Hastelloy®™X alloy @2 A1 &89 =Ag
—rH‘ﬂW HlwA =2 ggo] TAg Zoz deisitt

C et IR 23 AAEY FRAAE
% o A4 9A #7ke] f8iNE Hastelloy™X
alloy A 835919 71414 BEAAE gHst= Ao
459 A2 nath

A
oA 49“7”"%-4 71AA B8RS Vo}iﬁ AR o=
SHst7] Sfsl #wAl T FHe Al AAG
WEhor BAl, d9dr 2 &giolA AR 71
A 2825 St #A A 842 Argon
gas T71A TIGEH=
Table 4¢F 2t AZE GAAE
A 278l date] 71A1A %*éxl*é Skt

Fig. 8= Al 170914 Fig. 89 YA E uleh
7N1AA B4X 9 HskE g4 om Uehd Zlog &

| 15 mm | 15 mm |

—

e o "3 0 0 o 0"33000000elsib000000ls?% o 0 0 ¥ o

2mm 1mm 0.5mm
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Table 4 Welding conditions for the Hastelloy®™-X
alloy specimens

Welding method TIG welding

Welding current, 60A
voltage 220V
Shielding gas, 99.95% Argon
flow rate, 10 1/min.
discharge pressure 1 bar
=*Yield stress MPa =®Tensile strength MPa
(MPa)

800

700 | PPy
P I8,

500 L - a
400 M u .f ~—
300
200
Base material HAZ Weld HAZ Base material
100
0, : : : : : : ‘
20 -5 -0 0 5 10 15 20

Distance from weld center (mm)

Fig. 8 Variation of mechanical properties in
Haste110y®*X strip
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Table 5 Mechanical properties of Zircaloy weld

strap
Ys' Tensile strength
(MPa) (MPa)

Base material
- Average 463.3 582.0
-sp” 30.3 39.9
- 95% LCA 453.4 568.9
- # of data points 27 27
HAZ
- Average 540.6 676.9
- 3D 36.0 52.7
- 95% LCA 526.7 656.6
- # of data points 20 20
Weld
- Average 636.3 868.7
- SD 29.9 97.2
- 95% LCA 622.1 822.7
- # of data points 14 14

* YS: Yield stress
** 8D: Standard Deviation
*** 1,CA: Lower Confidence Average

Table 6 Normalized mechanical properties of
Zircaloy weld strap

YS Tensile strength
Base material 1.000 1.000
HAZ 1.162 1.154
Weld 1.372 1.446
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Table 7 Mechanical properties of Hatelloy®-X
alloy weld strap

YS Tensile strength
(MPa) (MPa)

Base material
- Average 432.1 772.8
-SD 25.8 30.8
- 95% LCA 418.7 756.8
- # of data points 12 12
HAZ
- Average 415.8 771.0
- 3D 25.0 43.0
- 95% LCA 402.1 747.5
- # of data points 11 11
Weld
- Average 472.8 865.2
- SD 13.0 445
- 95% LCA 466.1 842.1
- # of data points 12 12

Table 8 Normalized mechanical properties of
Hastelloy®—X alloy weld strap

YS Tensile Strength
Base material 1.000 1.000
HAZ 0.960 0.988
Weld 1.113 1.113

4.2 Hastelloy®X alloy Y

Fig. 89 %2 ¥ datag ©]&sle] A, HAZ
g &gl AR BAA Hakd 95% AlF =
slet k= Table 79 2o] Aot &5% £
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