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Abstract : To investigate the fatigue life of hydro-formed (-shaped bellows made of SUS304 stainless steel
sheet applied to the pressure generator of a stirling cryocooler, stroke-controlled fatigue test machine was
manufactured and the fatigue tests were performed. As a result, as the stroke increased, the number of
cycles to failure decreased, and when the stokes were less than 1 mm, it was judged that the fatigue life
was more than 0.1 billion cycles, which was permanent. Additionally, as a result of comparison with the
experiment through stress analysis, in the experiment, 75% on the crack occurred in the l-crown, but the
analysis showed a different result in which the maximum stress occurred on the 1-trough. Finally, it was
found that the actual wall-thickness of bellows was reduced in the crown than in the trough.
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Table 1 The main chemical compositions of SUS

304 stainless steel in used in this work -

135 17,55 (14 convolution)

(Wt.%) .
Element ASTM A240 STD. This Work
C <0.07 0.035
Si <0.75 0.50
Mn <2.0 1.05
P <0.045 0.034
S <0.030 0.002 X :
Ni 8.0-10.5 8.01 Fig. 2 Geometry and shape of the connecting
Cr 17.5-19.5 18.07 bellows used in this work
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Fig. 1 Schematic drawing of pressure generator L——Iﬁg
under development 250

Fig. 3 Shape and dimension of the tensile specimen
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Fig. 4 Experimental set-up (a) and the circuit
diagram (b)
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Fig. 5 The axial loading histories of the bellows

SHAARZERX] M29@ 2%, 2025'H 48 57



NIRRT

3. Zut &

Kl
]

3.1 AxHe| QUEAIR Zat
Fig. 62 2 o] A8 w
304 2ElQlelage] o Al ARAFE 5
s AweA, £ A Agdel oet ge-ug
HES vehd Zelth 1 A%A 54 g
Table 30 Wb Qe E3 14
ARl oiat A she opah AbAl
dehigleh QAR A B dTe weex
o Azt AHEE s FEE %
AT Qe AT 4 glglon, B
HE 184 dolE 2 Bestar

0
00 02

1 1 1 1 1
04 06 08 10 12 14 16
Engineering strain (mm/mm)

Fig. 6 Relationship between engineering stress and

engineering strain measured from tensile test

Table 3 Mechanical properties of the material

Parameter Value Unit
Yield Strength
(0.2% offsct) 267 | MPa
Tensile Strength 703 MPa
Elastic Modulus 193 GPa
Elongation 64 %

A —— = ek
b —— B

i —

Fig. 7 The fractured specimens after tensile tests
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Fig. 8 Fatigue life vs. strokes (] : run out)

Table 4 Quantitative fatigue life for each stroke

Fatigue Life

S[trrx(l)li(ﬁs (Number of cycles to failure, Nf)

#1 #2 #3 #4  |average
7.65 9,467 8,675 6,127 | 13,828 | 9,524
5.78 | 24,165 | 25,941 | 27,503 | 22,706 | 25,079
3.65 | 104,650 | 120,271 | 104,650 | 98,707 {107,070
2.22 | 366,540 | 515,285 | 515,285 (527,715|481,206
1.00 More8 More8 More8 More8 More8

1X<10 1x10 1 <10 1X<10 1x10
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Table 5 Summary of crack initiation location

Crack Initiation Site| Quantities | Percentage [%]
1-Crown 12 75
2-Crown 2 12.5
3-Crown 1 6.25
7-Trough 1 6.25

Total 16 100

Fig. 10 Example of fatigue crack initiation location
and shape of the crack (#2, Stroke=7.65,
N=8,675)
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Table 6 Maximum stress value of extension and

compression at each amplitude [MPa]

Amplitude Extension Compression
[mm] Max. Stress Max. Stress
0.5 107.4 108.2
1.1 237.3 2414
1.825 388.6 399.4
2.89 611.5 638.9
3.825 806.1 853.8
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