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Study on vibration fatigue of butt welded
pipe of liquid rocket engine
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Abstract ; Fatigue failure of pipelines caused by vibration is one of the main failure modes of liquid
rocket engine. It is of great significance to study the vibration fatigue performance of pipe welds. The vi-
bration fatigue lives of butt welded stainless steel (1Crl18Ni9Ti) pipes at different alternating stress am-
plitudes were studied by vibration fatigue testing. The dispersion of vibration fatigue lives increases with
the decrease of the alternating stress amplitudes. The median vibration fatigue S-N curve and the design
vibration fatigue S-N curve of the butt welded pipe were obtained based on the group method and the up-
to-down method ,which gives longer life than the ASME data at low stress amplitude. The characteristics of
the fatigue crack initiation and propagation were studied. It was found that the fatigue cracks are all initia-
ted at the weld toe of the outer walls. The crack growth life is only a small percentage of the total fatigue

life. The vibration fatigue S-N curve of welded pipe provides data basis for the dynamic strength design of
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the liquid rocket engine pipelines.

Keywords: pipe;butt weld ;vibration fatigue ; crack growth
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Fig.1 Schematic diagram of test device
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Fig. 2 Actual drawing of vibration test bench
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Fig.3 Pipe clamp and pipe holder
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Tab.1 The test results of stress to life

RS ;7 WiE/ MPa TEA R/ R
1 235 66 393
2 235 77 209
3 235 82 636
4 197 139 160
5 197 161 280
6 197 234 945
7 177 636 580
8 177 1 388 604
9 177 1561 084
10 157 1104 236
11 157 1 445 834
12 157 4201 231
13 127 943 410
14(KTF2Y) 117 10 002 360
15 127 1 356 600
16 (R TFEL) 117 10 041 120
17(KTF2Y) 127 10 094 400
18 137 3 182 400
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Fig. 6 Fitting result of left branch data

of median S-N curve
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Fig.8 Design vibration S-N curve
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Tab.2 Fatigue life statistics
PEIRFFAir/ IR N F1 1/ MPa
5x10* 119.7
1x10° 111.8
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Tab.3 S-N curve data of austenitic stainless steel in ASME
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5 x10* 235.0 117.5
1 x10° 196. 0 98.0
5x10° 142.0 71.0
1 x10° 126.0 63.0
5x10° 102.0 51.0
1x10 99.0 49.5
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Fig. 9 Outline drawing of failure specimen (sample 5)
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Fig. 10 Macrograph of fracture (sample 5)
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Fig. 11 Scanning electron microscope (sample 5)
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Tab.4 Fatigue striation spacing

R 1 Xik2 X3 X4 XS
/nm /nm /nm /nm

2 - 174.9 197.4 312.1 1675.0

5 - 127.3 186.2 657.1 1275.0

7 - 240.1 307.0 474.7 829.8

12 - 146.9 251.6 307.4 540.1
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Fig. 12 Linear fitting results of crack
growth rate (samples 5,7,12)
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Tab.5 Fatigue crack growth life and its proportion

spem DN ORSPRBGT MRS PRE
/MPa JEFFan/ K R/ it/ %
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12 157 4810 4201231 0.1
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