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Thermal Fatigue Properties of Synthetic Heat Affected Zone in Femitic Stainless Steel
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Abstract

Ferritic stainless steel, which has been used as material for decoration parts in automobile, is recently
used as material for the exhaust system due to its good performance at high temperature. To improve the
fuel efficiency and purify automotive exhaust gas, it is needed to increase the temperature of exhaust gas.
However, it is frequently reported that the rising of the temperature of exhaust gas increases thermal stress
at exhaust manifold, which results in thermal fatigue failure in welded joints. Therefore, in this study,
effects of chemical composition of steel and welding parameters on thermal fatigue properties of synthetic
heat affected zone in ferritic stainless steel have been investigated. It has been found that thermal fatigue
life in heat affected zone is affected by bead shape of welded joint and amount of soluble Nb in steel.
Especially, Nb-Ti added steel has higher thermal fatigue life in comparison to Nb added steel, which is
attributed to difference of precipitation behavior in both steels.
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(b)
Fractured weld joint due to thermal
fatigue: (a) Cross section and (b) SEM
fractograph

Fig. 2
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Thermocouple 5
H Thermal fatigue specimen

Constraint ratio : 100%
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Fig. 3 Specimen and condition of thermal fatigue
test: (a) appearance of jig for thermal
fatigue test of thin plate specimen, (b)
dimension of specimen, and (c) thermal

cycle for thermal fatigue test (1 cycle=
130s)
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Table 1 Chemical composition of steel A, B and C

C N Cr | Mo | Nb Ti
St[e\el 0.0057 1 0.0071 | 1865 | 1.94 | 0.343 | 0.018
Stgel 0.005 | 0.0140 | 18.30 | 1.82 | 0.48 | 0.104
Steel

P 0.007 | 0.0110 | 1855 1.72 | 0.45 | 0.115
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Fig. 4 Specimen for thermal fatigue test of GMA
welded butt joint in steel A
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Fig. 5 HAZ thermal cycle simulated by MTCS
(Metal Thermal Cycle Simulator) Fig. 7 Geometrical parameters measured on welds
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Table 2 Variables used in thermal fatigue test

Low High
Steel Steel A Steel B
Holding time at 1350C 5 sec. 20 sec.
Notch angle 90° 150°
Radius of curvature at notch 0.5mm 1.5mm
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Fig. 8 Microstructures of Synthetic HAZ simulated
t (a) 1350C/5sec and (b) 1350°C/20sec
(steel A)

Table 3 Thermal fatigue life depending on variables

steel Angle Radius Time Fatigue life

) (mm) (sec) (cycle)
920 0.5 5 236
90 0.5 5 187
90 0.5 20 295
90 0.5 20 323
90 1.5 5 280
90 1.5 5 332
90 1.5 20 438

A 90 1.5 20 418
150 0.5 5 384
150 0.5 5 300
150 0.5 20 342
150 0.5 20 325
150 1.5 5 321
150 1.5 5 430
150 1.5 20 335
150 1.5 20 374
90 0.5 5 458
90 0.5 5 496
90 0.5 20 443
90 0.5 20 453
90 1.5 5 537
920 1.5 5 542
90 1.5 20 575

B 90 1.5 20 470
150 0.5 5 540
150 0.5 5 540
150 0.5 20 503
150 0.5 20 458
150 1.5 5 564
150 1.5 5 545
150 1.5 20 548
150 1.5 20 599
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Fig. 9 Effects of variables used on thermal fatigue
life

Table 4 Stress concentration factor depending on
weld bead shape

Kt (Lawrence)
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REBISH: - BB a3 F274 $1%, 20094 21

600

400 |~

300

T

Thermal fatigue life (cycles)

Steel A Steel B Steel C

Fig. 10 Thermal fatigue life of steel A, B and C
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Fig. 11 Transmission electron micrographs showing
distribution of (a) NbC in steel A and (b)
(Ti, Nb)(C, N) in steel B
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