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Fatigue of the diaphragm bellows was predicted through finite element analysis
(FEA). Bellows, which are produced by welding the outer and inner diameter of
the diaphragm, are critical components in various engineering applications. They

are known for their ability to absorb thermal expansion, vibration, and pressure
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variations. Therefore, accurate prediction of their fatigue life is essential for
ensuring the reliability of these systems. The displacement applied to the bellows
was simulated using ANSYS, a widely used commercial software in structural
analysis. The results obtained were meticulously compared with those derived
from conventional fatigue tests on bellows to validate the numerical analysis

Weld bead program. Furthermore, we investigated the influence of key parameters, such as
bellows type, pitch, and span, on von Mises stress and fatigue. The investigation
revealed that variations in pitch, span, and bellows type had minimal, if any,
significant impact on von Mises stress and fatigue.

1. M2 flange 52 2ol7| $ish W29=0] Ae3t o mefo] £t
#8 BB 9o 282 %] A sto|zo) Zolol wret A3
W29 % (bellows)?t Bho] £ WAsto] Tpolze Felz  Zol7t AR,

TtE Hzog 29| FAQoy HIEY, 1% Sof HE 4 A ohH 84 W2 2= (welded bellows, edge-welded bellows)=

AT oIt oleie Meeat WEd Ul B8 95 A Fig 19 Bawt 20| sto|io] 4FS B AR Zlo] ofd

%L, WA Hof 1213 28 717 4% 5 ARIA AdolN WEl  CD Welet 2o sher] 70| Qi Yol 222 4T olF

AR M2 o2 AR o] met F4 Soll Aok 7m0l & Y¥k(diaphragm)S Hot 9F ATt lﬂl‘é— Afe]

o2 Fal TREE Fep 719 Eekark 871, TIG 8%, @lolA 84 52 Bl Aatsiny

4% M (foamed bellowsy W 4 50 W S2q el £8& Aasiol ] el B F40] Bep

52 ol AUE e olzo] 2B AYelol AR 2 2 4P W22 M B B FBS WEJo] Golsta tolo

501 GF ¢uhl ‘UA Felo] F52 7Hth o2l Y H= 9] rof] wt 25 oS gA 24T 4 Slrke Aol itk

92l T Yo Meezxc 99 g9 A% Aoz A A tie] Bt Tholojmy M ext ArjKos B

A Sgepl wlo] 250 o4 T BE 2 S s BN F5S 7Y oleiF FEE Aot TUR W4E 71

* Corresponding author. Tel.: +82-41-560-1159

E-mail address: smkim@koreatech.ac.kr (Seungmo Kim).

216


https://crossmark.crossref.org/dialog/?doi=10.7735/ksmte.2025.34.4.216&domain=http://journal.ksmte.kr/&uri_scheme=http:&cm_version=v1.5

Journal of the Korean Society of Manufacturing Technology Engineers 34:4 (2025) 216~224

o
E
=2

5t7] % gt Oloﬂ e H“ETE
°a‘ e B9 Ut H2ez] 44 2w, 23
% of tigt F2 1 vlojel g FHlsto] Fa}uﬁ oj2|gh to|
kst W2 Ak H]go] s 991 = 4
g tlofElet o@ WMol whE £ FEF, BT 59
tlolelE F8f 9= 54de wtosta
220 32 Al w2 H|&o] HQu]7| wgo] AARE
B Hz29x0] Hg2& JZstua e o2 3 finite
element analysis(FEA)E 0]-&3t A|=E0] Ut L= A&
B3 tolojZag whet WAsE S FRletAURY £ H]
9] wall thickness™ % tolojzel flato] FAah(Z =)™ w3to]
oE WA 3 5o "2 tolojzsio] WAy S w3l
A7t FFEom B3 thojojZao] §4 4ot 3
F RS g A o) ek Ago] wol FEQich
a2y & Ao tido] B &4 HIETE Sl tolojz e
2 AJY 7}94 ARA BAE WE2A Fefstrlo] ofgjgol e
o ofg] AHS 7R 2920 tisto] gz sAS ZegshH
=2 o4 H1%:% Q2 o7] wlgo] M3 siAE Bl ol
utet EAysh=
3kolstar A 29] S-N Curveo| Al
£30] 7IsiA = Fgoll 7Ith o] ”OW
o A& M3 OHHO E—aﬂ _q
3 weeto] 9

FEA

1vr

[e)

E7F S8 (equivalent stress, von Mises stress)<
AutHo = i}olﬁe} L 9= =

et

Y

oo

e =
o,

(inner diameter,

217

SPAN .
Inner Diameter

—

Outer Diameter

1—¥\/—¥
Pitch Ripple Depth

A

\
Thickness  contour—— o,
Female Diaphragm o,
Flat
Male Diaphragm
Fig. 2 Diaphragm cross-section
Table 1 Analysis case
P | L e | Y| i
8 mm -18 mm 35 mm +9 mm
8 mm -18 mm 38 mm +12 mm
1.30 mm 8 mm -18 mm 43 mm +17 mm
7 mm -19 mm 35 mm +9 mm
6 mm -20 mm 35 mm +9 mm
8 mm -27 mm 35 mm 0 mm
8 mm -27 mm 38 mm +3 mm
1.75 mm | 8 mm -27 mm 43 mm +8 mm
7 mm -28 mm 35 mm 0 mm
6 mm -29 mm 35 mm 0 mm
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Table 2 Mechanical properties

Table 3 Nodes and elements

SUS316L AM350
Density 8.00 g/cc 7.81 gl/ce
Poisson’s ratio 0.285 0.285
Young’s modulus 199 GPa 200 GPa
Yield strength 266 MPa 529 MPa
Tensile strength 593 MPa 1255 MPa
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Pitch = 1.30] Pitch = 1.75| Pitch = 1.30] Pitch = 1.75

mm, 36° mm, 36° mm, 90° mm, 90°

Node 224265 221365 553545 542005

Element 30800 30400 77620 76000

Skewness, | 1794 0.1794 0.1794 0.1794
Maximum

Skewness, | 0033533 | 0033986 | 0.033558 | 0.033986
Average

Aspect ratio, | o0 13.948 13.948 13.948
Maximum

Aspect ratio, | ¢ )53 6.2583 62154 6.2583
Average

Displacement

. Fixed Support

Fig. 3 Boundary conditions
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Fig. 4 Stress result contour
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Fig. 5 Stress results
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Fig. 10 Diaphragm contour results(# 4~9)
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