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The Characteristics of Residual Stresses in the Welded Joint of P92 Steel
for Fossil Power Plant by the X-ray Diffraction

Jung Seob Hyun®, Keun Bong Yoo and Hyun Sun Choi’

ABSTRACT

In the fossil power plant, the reliability of the components which consist of the many welded parts depends on the
quality of welding. The residual stress is occurred by the heat flux of high temperature during weld process. This
decreases the mechanical properties as the strength of fatigue and fracture or causes the stress corrosion cracking and
fatigue fracture. Especially, the accidents due to the residual stress occurred at the weld parts of high-temperature and
high-pressure pipes and steam headers. Also, the residual stress of the welded part in the recently constructed power
plants has been brought into relief as the cause of various accidents. The aim of this study is the measurement of the
residual stress using the x-ray diffraction method. The merits of this are more accurate and applicable than other
methods. The materials used for the study is P92 steel for the use of high temperature pipe on super critical condition.
The variables of tests are the post-weld heat treatment, the surface roughness and the depth from the original surface.
The test results were analyzed by the distributed characteristics of the full width at half maximum intensity (FWHM) in
x-ray diffraction intensity curve and by the relation of hardness with FWHM.
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Table 1 Chemical composition of P92(wt. %)

C {Mn|P| S| Si | Cr{ Mo others
0071 0.3 05 | 81 93 | vip.15-025
| o 1002]001) ek - i W:1.5-2.0
0.13} 0.6 95| 0.6 B

Table 2 Mechanical properties of P92

Y(Normal)
A

Measprgfnent
positi

X(Transverse

(7.
e f
8 5
&
Y |
4\/ ......................... >
87mm ’

Yield Tensile Eloneation Elastic
stress strength ( g‘y) Modulus
(6,, MPa) | (o,, MPa) &, 70 (E, GPa)
506 674 24% 214(70°F)

Table 3 X-ray diffraction condition

Test condition Multiple method
Characteristic X-ray Cr-Ka
Diffraction plane {211}
Tube Voltage 30kV
Tube Ampere 10 mA
Irradiated area 30
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Fig. 3 Angles and rotations used in residual stress
measurement
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Table 4 Welding parameters for GTAW and SMAW

Bead Speed Preheat/
Process Layer Amp. | Volts. (cm/min) | Interpass(C)
GTAW 1 |120~130] 12~13 | 12~14

2~8 | 150~180 | 13~16 | 13~17 200~300
SMAW | 9.76 | 140~160 | 24~26 | 15~17

3% Shilding Gas : Ar(99.9%, 13~15 {/min), Backing Gas :
Ar(99.9%, 13~15 €/min), GTAW : Gas Tungsten Arc

Welding, SMAW : Shield Metal Arc Welding
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