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A Development of CAD Program for Metal Bellows Diaphragm
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Abstract

A CAD program for metal bellows diaphragm was developed in this study. This program was
written in AutoLISP on the AutoCAD system with a personal computer. Basic design concept used in
this program is composition of a convolution that is tangent to two lines and 5 circles from given
design parameters(initial radius, inner and outer diameter, thickness, pitch, etc.). The effects of altering
some design parameters on stress distribution and fatigue life of bellows were estimated using
commercial FEM code, NISAIL. As a result, the metal bellows diaphragm was successfully designed by
the CAD program. It is used to model a bellows geometry in pre-processor of FEM code. The FEM
result shows that stress is dependent on straight line length, bellows diameter with same span, and

fatigue life is also affected by design parameters.
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Fig. 2 Basic principles of bellows design

Ad 71z 425 Jepd agoz i o)) 93
A9 Ayow wselgle Ac1e) Bt A
HL19) dolo) wel gEwsse] WatAdn.
A7 el wak fc1e] wel AAW A
L1, L2. L39] #}elzbAe] F7laln Q4¢3 A
2 AolAu 4C2, Cax AC3Y g e Wol A
A9 way Fig 17 2L Wzex cmoq
3& Fig. 2014 ¥ ABCDEF Alo]E o=
FA ZF s7AH9] ﬁ%ﬁ Aol g 9lE ﬂﬂﬁi A

Aol

it

HAl
Mgz A4 wde @39 Aa¥n @
CEUE L L RIS T R S A
(1) B st e Auor A
) 433} stgpo] Al FEA7E Avle A
BAGZ Hto] Fa spe] A A
To] Hol& Offsetd wF zbol7zt glolof
gt
() el AR Aol7t spye] A4y o)
LASE: 223
() Bt WPE Row §E3EL =K

ozYy A9

6) AEE AFLAzxAE wSFsfjofattt

(6) 48E A HAAGE offsetFL st
sha-g dA g}

() 9] 402, c4= T Ac3s) #rlh

8 292 Y FHAL Ve g4
A

9 Ao A)E =207 53 Ao A
A & Hx|oE ﬁl%i*liﬂl:}.

(10) AT ol 7|9 E W 7]&
AFS 91 E ghell ‘%H A == o 7

(1) #C17 59 A S 2

(12) 9c13 cs59 #HAE Loz v L2

L3E Cl19 WA §9F offsetst 2 yjolr}

(13) L1& 3523 £33 L3d
< 7“"}—‘& o] UC3olth

(19 228945 2 AYTAdEE 244 8§79
sto] Y2 AC1,039 HAL2dl #Hsta
HCAT YC3.058 A HL20) #Hews A
Al gk,

(15) 834 B4 &3 vl =
o FAL 32& LR At gt

(16) Span®] ol oA WA A&
o SR BREY do AlEdoN F4
e ghojr},

(17 FulHdelu=m mRckddg A7gid

M xJ o] d z—l

it

22 220 74

2 ZEIHEE AuoCAD FAEFNA AHH:=
AutoLISP3Io} & o] 43slo] fusa. Fig. 33}
#ol 7 ZEI 7 o] F ZRaFPor
it e meafe SfHos Ty
ME At AFHES F450 Ak

23 F D2

T ERWLe AA T RL A7)
dFe #elshe ZRIaWo R Fig 4A4 9
AAS: o] AEa A7 weex
LdAE 2 £8& Aojgr}

off oft 43
o ox ¥ -
© o rb.

2.4 U0l 3

BARA e B2tz Qs o

'oE

rir



T
a

e
Oata input

w
=
5]
=
o
g
=3
c
=4
-
=
o
8
g
&
=
=
o
2
o
o
=
)
E
w

Fig

Fig. 4 Initial screen
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Fig. 6 Dimension input or DXF file output

window
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Table 1 Parameters used in analyses of bellows

Diameter(mm) ‘ . ‘ Line
Initial | Thickness | Pitch |
Model radius ! (mm) (mm) } tength(
Inner Outer ‘ nm)
MO1 | 0.20 | 20.6375 | 333375 [ 0127 | 1778 065
MOZ | 025 | 206375 | 333375 | 0.127 | 1.778 | 0.65
MO3 | 030 | 206375 | 333375 | 0127 | L.778 | 0.65
MO4 | 025 | 206375 | 333375 | 0127 | 1778 | 0.60
MOS | 025 | 20.6375 333375 | 0.127 | 1778 | 070
MO6 | 0.25 238125 365125 | 0.127 | L778 | 065
TMO7 | 0.25 | 26.9875 | 39.6875 | 0.127 | 1L778 | 065
MO8 | 025 | 301625 | 428625 | 0127 | 1778 | 065
"Moo | 025 | 333375 | 46.0375 | 0127 | 1778 | 0.65
MIO | 025 | 206375 333375 0093 | 1778 | 065
M1l | 025 20,6375 333375 011 | 1778 065
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Fig. 8 Deformation of M2 by compression

Fig. 9 von-Mises stress of M2 by compr-
ession

Fig. 10 Deformation of M2 by tension
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Fig. 12 Deformation of M2 by internal
pressure(0.9806N/mm)

Fig. 13 Stress distribution of M2 by internal
pressure (0.9806N/mm)
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Fig. 14 Stress distribution of M2 by extemnal

pressure (0.9806N/mr)
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Fig. 15 Von-Mises stress according to diameter
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Fig. 16 Von-Mises stress according to initial radius
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Fig. 18 von-Mises stress according to thickness

Table 2 Mechanical properties for fatigue analysis

Fatigue | Fatigue \ Fatigue E

ductility :  ductility ‘ strength | strength  modulus

factor {exponcnt({ factor ‘JeXponent(“ Nmnf
i | . .

k) | O | 6H B | E

AM350 0.33 084 | 280020 - -0.14 1 193116.7

Fatigue  Young's

Material
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Fig. 19 Fatigue life according to models
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