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Analysis of Fatigue Properties of Thin—walled Piston Bellows
under Angular Motion Loading
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Abstract : In order to evaluate the fatigue properties of the thin-walled stainless-steel piston bellows, that
generates pressure in pressure generator, in this study, the fatigue test machine that simulates the actual
behavior (extension and compression under angular motion loading) of the bellows was designed and
manufactured, and fatigue tests were performed. The fatigue test machine uses a motor and a crank to
convert the rotational motion of the motor into the angular motion of the bellows, and is configured in an
angular motion stroke-control manner so that the number of cycles can be measured for each stroke. The
fatigue test was performed on two samples each at five stroke levels. Through this experiment, the fatigue
life of the piston bellows and the fracture morphology were evaluated, and it was found that cracks
occurred in the first root on the side attached to the fixed part.
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Fig. 1 Schematic drawing of the pressure generator
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Fig. 2 Geometry and shape of the piston bellows

used in this work
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Table 1 Specifications of the piston bellows used
in this work

Parameter Value Unit
Inner diameter (Di) 24.2 mm
Height of convolution (w) 6.15 mm
Bellows nominal thickness
0.1 mm
of one ply ()
Pitch of convolution (g) 34 mm
Length of convolution (Lb) 44.2 mm
Free length (F.L) 46.5 mm
Number of convolution () 13 EA
Inside radius of crest
: . 1.05 mm
convolution (ric)
Inside radius of Toot 1.05 mm
convolution (rir)
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Fig. 3 Experimental set-up Fig. 4 Experimental circuit diagram
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Fig. 5 Phase voltage of driven motor, and piston bellows behaviors for pressure generator and fatigue test
machine according to angular motion
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Fig. 7 The loading histories under angular motion in

this work
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Table 2 Quantitative fatigue life for each stroke

Stroke Fatigue Life (V)

[mm] | Sample #1 | Sample #2 Average
30 95,358 95,358 136,266
20 1,928,714 3,826,436 2,877,575
18 21,794,177 | 21,794,177 | 21,794,177
15 21,815,903 | 21,815,903 | 21,815,903
10 65,033,747 | 65,033,747 | 65,033,747
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Table 3 Summary of crack initiation location
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Table 4 Maximum stress value [MPa]

Amplitude Extension Compression
[mm] Max. Stress Max. Stress
+15 441.8 723.0
+10 269.4 464.8
+9 235.7 420.2
+7.5 184.8 351.4
+5 97.5 240.8

; 1€ 2C 3C 4c 5C 6C 7C 8C 9.C 10.C 11.C 12C 13C
Fix *R:Root, C: Crest

(a) Position of convolution

1R ,p ~@- Compression, Root

© 450 | @ SR 4R Compression, Crest
o eF 6r - Extension, Root
2 400 . 7r -#& Extension, Crest
n
(%]
g 350 -
2]
g 300
=]
E 250+
x
< 200t

150

Position of convolution
(b) Amplitude = £10 mm

800 -
— 1R 2R @ Compression, Root
© e ¢ . 3R --@—- Compression, Crest
a 700 - [ S -m- Extension, Root
é Sf{ 7R - Extension, Crest
» 600 (- 8R

yC 20 3C 4¢ - 9R
®-® -9 5¢ sC ®._10R
500 e

200
Position of convolution

(c) Amplitude = £15mm
Fig. 12 Maximum stress according to convolution

position at amplitude £10 mm & +15 mm

¢ 1

(e}

o
t}. Fig. 129] (a)= HWa2e= F
Ll

2 ne do &
=2
o
o
B=)
ic)
ole
1%
e
flo
2,
_>§‘
oy
B
o

o
we Ho
2
o,
otk
filo
o
patA

il
o [N ¥

ob
32 o

] i Y
< Fl:
= oo
n & £ L
53010—\1'
oo f
i) 3
> S‘é A
5
o
Wy g
3
rE
2
AN of
li—
2
)
i3

M
2 1o Ho
oo 1o
uz
0%
Ho
e

o 2
oo

S ELOOh oN O oox pE x
1%
flo
-0,
o)
4
v}

in}
x
pad)
ftlo
o

I ¢

i
r
dx
o
fru
o
fu
>
oo
-9,
S~
o 1T
oZ
o
o i)

SHAA-ZUYX] M29H M4, 2025 d 88 35



22 otEstoll A

AT
2) v 2A oA FEE M 30 mme} 20 mm

¥,

o 2R WHFGOH, BE FAe 3 WA
ol 4 wAystelet.

3) Sl AEo| kgl wret 91
FEHSY mE FHE AP mgon, ¢%
AR A o)A Aol wayshelch

4 W 2AGAA BT Fhe X S
Mol A HehgHol WY 917} FAsteict

Author contributions

S. Y. Hyun;

machine design & test, Data curation, Writing-original

Conceptualization, Fatigue test
draft, G. T. Park; Investigation, Stress analysis. S. J.

Kim; Supervision, Writing-review & editing.

References

1. R. Radebaugh, 2009,
the Art and Recent Developments”,
Physics: Condensed Matter, 21(16),
(DOI:10.1088/0953-8984/21/16/164219)

2. D. Sun, X. Qiao, D. Yang and Q. Shen, 2022,

“Experimental

“Cryocoolers: The State of
Journal of
164219.

Study on a Two-Stage Large
Cooling Capacity Stirling Cryocooler Working
30K”, Cryogenics, 129, 103619.
(https://doi.org/10.1016/j.cryogenics.2022.103619)
3. S. J. Park, Y. J. Hong, H. B. Kim, D. Y. Koh,
Y. H. Kim, B. K. Yu and K. B. Lee, 2001,
“The Effect of the
Operating Frequency in the Stirling Cryocooler”,

Below

Charging Pressure and

The Korean Society of Superconductivity and
Cryogenics, 3(2), 62-68.

4. Y. J. Hong, S. J. Park and H. B. Kim, 2006,
“Effects of the Dead Volume of the
Compression and Expansion Spaces on the

Performance of the Stirling Cryocooler”, KSME
Autumn Conference Proceedings, 158-162.

5. A. Veprik, I. Nachman and N. Pundak, 2009,

“Dynamic Counterbalancing the Single-Piston

36 SHA|AHFZOYX] H29H M4, 20254 82

= S oA

E "waexo oz 5

10.

11.
12.

. Z. Yuan, S.

0x

3l

1z

Linear Compressor
Cooler”, Cryogenics, 49(5), 165-170.
(https://doi.org/10.1016/j.cryogenics.2008.12.003)

of a Stirling Cryogenic

. Y. Xu, D. Sun, X. Qiao, Y. S. W. Yu, N.

Zhang, J. Zhang and Y. Cai, 2017, “Operating
Characteristics of a  Single-Stage
Cryocooler of Providing 700 W
Cooling Power at 77 K”, Cryogenics, 83, 78-84.

(http://dx.doi.org/10.1016/j.cryogenics.2017.03.003)

Stirling
Capable

. S. J. Kim, S. Y. Hyun and G. T. Park, 2025,

“Evaluation of Fatigue Life of - Shaped
Connecting bellows for Pressure Generators”,
Journal of Power System Engineering, 29(2),
54-62.
(https://doi.org/10.9726/kspse.2025.29.2.054)
Huo and J. Ren, 2019,
“Mathematical ~ Description and mechanical
Characteristics of Reinforced S-Shape Bellows”,
International Journal of Pressure Vessels and
Piping, 175, 103931.
(https://doi.org/10.1016/j.ijpvp.2019.103931)

. S. D. Wankhede and S. H. Gawande, 2023,

“Design and Analysis Aspect of Metal Expansion
Bellows: A Review”, Forces in Mechanics, 13,
100244.
(https://doi.org/10.1016/j.finmec.2023.100244)

Z. Hao, J. Luo, L. Chen, Y. Cai, Y. Chen and
M. Cheng, 2021,

Unequal Parameters

“Failure Mechanism of
Metal
Repeated Bending Process”,
Analysis, 129, 105671.
(https://doi.org/10.1016/j.engfailanal.2021.105671)
www.hyspan.com/technical-assistance/.

Y. Murakami, T. Takagi, K. Wada and H.
Matsunaga, 2021, “Essential Structure of S-N

Curve: Prediction of Fatigue Life and Fatigue

Bellows under

Engineering Failure

Limit of Defective Materials and Nature of
Scatter”, 146,
106138.

(https://doi.org/10.1016/j.ijfatigue.2020.106138)

International Journal of Fatigue,



13.

14.

g - gIIH -
D. Kujawski, A. K. Vasudevan, S. Plano and D. 15.

“A  Method to
(1/Np-S
International Journal of Fatigue, 182, 108205.

(https://doi.org/10.1016/j.ijfatigue.2024.108205)

M. Yan, M. Y. Wang, Z. F. Xu, Y. Liu, L.
Chen and H. G. Huang, 2023, “Analysis on the
Bending Deformation Characteristic and Crack
Failure Mechanism of Thin-Walled Stainless -

Gabellone, Estimate

Fatigue

2024,

Limit

()

Using Curve”,

Steel Bellows”, Engineering Failure Analysis,
143, part A, 106900.
(https://doi.org/10.1016/j.engfailanal.2022.106900)

16.

izl
E. Pavitra and V. S. S. Kumar, 2018,

“Experimental  Investigation and Numerical
Analysis on Fatigue Life of Bellows”, Materials
Today : Proceedings, 5(9), Part 3, 18848-18856.
(https://doi.org/10.1016/j.matpr.2018.06.232)

D. H. Jeong, D. H. Chin and B. T. Kim, 2020,
“A Study on the Behavioral Characteristics of
Bellows for Expansion Joints”, Journal of the
Korean of Manufacturing Process
Engineers, 19(10), 52-58.

(https://doi.org/10.14775/ksmpe.2020.19.10.052)

Society

SHAARZER|X| M293 M4z, 2025 8¥ 37



	각운동 하중하에서 얇은 두께 피스톤 벨로우즈의 피로 특성 해석
	초록
	Abstract
	1. 서론
	2. 피로시험장치의 제작 및 실험
	3. 결과 및 고찰
	4. 결론
	References


