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A study on the Axial stiffness of Bellows
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Abstract

Usually bellows are designed for the purpose of absorbing axial movement. To find out axial
stiffness of bellows, the axisymmetric shell theory using the finite element method is adopted in
this paper. Bellows can be idealised by series of conical frustum-shaped elements, beqause it is
axisymmetric shell structure.

The force required to deflect bellows axilly is a function of the dimensions of the bellows and the
materials from which they are made. The displacements of nodal points due to small increment of
force are calculated by the finite element method and the calculated nodal displacements are
added to r-z cylinderical coordinates of nodal points. The new stiffness matrix of the system using
the new coordinates of nodal points is adopted to calculate the another increments of nodal dis-
placements, that is, the step by step method is used in this paper.

Spring constant is analyzed according to the changing geometric factors of U-shaped bellows.
The FEM results were agreed with experiment. Using developed FORTRAN PROGRAM spring
constant can be predicted by input of a few factors.

72124 H (K] : ZSHEANAN 249 29D
u P FEFEANM 840 B HA g
(&) : FLARANA 820 AHANAE Fel i
i 3GFEA NN 249 354 E w P =RAFEACNM 840 HAdel 2]

x40, AFA YRR AHAARASY : 999 39)
* % A0, BRGNS AAEHF 4P

(504)



deze TR e 2 A 87

ol g
u FYHRBANN WY e AW HEY
wFLRFEANAN VAN g MY W9
(r,z) : Cylindercal coordinates
(r,8) : Local coordinates
(T] : FLHBASG L2584 A8y d
N, 28] & g 85
No :d914do] 3 A3 a3
M, :&9dol FReXg nemE
Mo :&9|do] G 43 nomE
o AW uhed
oo UFWY H3Y
Ops ALY T3 3
op UFWY FYEY

M B

deze Wd ATdA g A4y 98
o ALg-H 1 glom, glolstFo oated 228w
€ Zojy 4zt 2xH 3 So 93l Al &3}
3 HFHE Zol Bo| o] &HT} ol = W)
SFFold gl @ HYF 2L ne gt &
A7t s2WA B W) HFLS F&
3 A7} o] FolAof T2 Eo] MY 9 wE g
WA e A2 2o d Uk B2 GEH &
AR st YHI Fol 2EAC) G0 AR
o8 d71ghE A VAN EE B850 9
o},

RN B2 2o B A AMe T2 EJMA
(Expansion Joint Manufacture Associa-tion)o)
A e A A 2A el o 2etn Ye A
Holch. JBo| M = JIS B 827770 A7) 3lon]
EJMASt $dd y&& zta i) 0|5 e
AE#; BE o] §3te] Y} AxYipo)
T A A S AA s Uk M2 =] dug
Agte fEFaryd o A2 4 g a2vo Be
Bozh glent 2Zygdde 38 A5A 40
e At B =2 daxr 203 49
F3E NAoER FRHALYE o] g5l Z)
2 o) o] B 44T €3 840 T AL
sl 2 ze 3h3a Wele) BA = Axy)

ol B AN S Al eatgio)

M2z Guggels ez By WA g, 9
o] Zdol, M2z WA A7, YRS &
M2z Agd 9% vixe A4S MNP L
woll AXA4o ghg A EYTh S AL

'FORTRAN77% o] &3l #3284 o]& A

e A AdALEAG. 58 FF 2L S A
83t 5 & AT FoHA7 2 a2 n)rsE
of thg 2t Ao MAE Asla, o] gh s 2t A
e ARt Fitsted Y2 AHAEE 73
LOFRFE AL MEL FAHYE S T3l A
A E A4rele A H(Step by step method)
B g8t AN 0 g A sQe. T2
adel AL 8] Yt FnEarY gt
S Hmdted 2o A3g A}

Al durA o g Hojsles ez 198
o 4YE AAstRon vud 2 Yx e A
EdE F U

2. SeiE o sy

dzze Y4 Fig. 13 2& UY wz=r}
dtEo s gol 2tk Maze B3 Y4
Zangov Y 94y 9 YR A B
Aot £8 97 ot WA of) vl &to] FA| 7} o S
ZAong ZuiA 4 o] &8 45l §e ko
A3} 7bestttn fadEn

Fig. 20X o} o] W2 =) B}y R E S 23
AP 4L A 958842 Bay
T U weA 43 2o AAYnHEA
e kA § g rA B2 6tn 24 S50

fu

|
|
|
|
|
|
i

Fig. 1 U-type bellows

(505)



88 WERAABRIEEIE $23% H3W. 1999

Ny

M,

Fig. 2 Force on the shells of revolution

23l 9% 34 (r, )2 43P A8 F
W e Aol FUA e wydcta 718
At

Fig. 29} Zo] 204 d& 9538847} o4
A 2o FFE hxTh o] 3 g Ao 9
o] 288 o gL 22 Q3P 22 7}
A WY ] N, 450k £ Ny, 2t A
W] ReNEM, 945 R ¢NE My}
g & = gl

Y38 8o F 49 3 AYol ln, F A
o] AA 1, 29 283 P A Fig 33 ¢
ol EAIZT) AA 1, 29149 2Z A0 MYE
22w, upehm, ribe oo MY S 22t w,
woedta, ZPA & 242} By, B2 ok gk 4
FHa29 AREE FH s 349 HYgES
7HX53 8.4 F 648271 "l

A 194 A so) e Yo HoM gaw
AE u, A AU Z wetx sty HA 1,
278l A=l g Lolgta 3t} 829 AJFE s
2 33t Z2ARA9) FIEA BAE
Frzatdct.

[511—{11)1 {51}—l }

(&)
t#1={ 5 )
Fig. 33} 2& ZY3EANA A4 1, 2 o 42|

HAWM S e = o}l o o] FA| )

72
R R
r le.z—l_
"
T8 M
i 1 wl, F?‘l
w\7 s
/ 0 ;ZrFﬁ

j Zi/ﬂz,Mz
u
FoV u

Fig. 3 Displacement at two ring nodes and in
global coordinates Displacement in local
coordinates

84 449 1Y e 2 Yoz B4
a4 ool s 2.

Fay
F
{Fi .
B =\{F,) }4; 2)
Fr2
M,

Fig. 3914 8. aufe] ol Aol A% u,w
& 829 AREs} 6| nZ ofes) Bol A1 E
S Uk 89 B ut 8 1288 A 5 R
Holld HEYAoz Wehetn wi sAYAA 33
W4 ez wsia,

u=qo+ A28
w=0a3+ 048 + 055>+ 0gs® (3)

—dw _ s+ 2055 + 3aes®
ds

A ()l A o o a3 a4 a5 & T3] Yl A
AZAL A1y, 2090 s=00] 1 HAH2Arg, 22)
NA s=LZ (3)o] tjY3te] o] & YA o 2 A7)
3wt o} o} 2o}

Uy

w1 1000 0 0)fu)
(dw) 0010 0 0O as

ds "LU=00001 0 0 ¥ay (@)
us 1L00 00 o4 |
weo ()():LLLZL3 a5
dw 000 1 2L3L J
(d)z

S

(506)



Heze Y A Bd AT

@, L=(z2- 210"+ (rg - ryyPo| T}

A(4)9] 69 12 AHL PN S EH o o a3y
as asd T8 F Uk o] FE (3ol Yt F&
FHEA AN A3 13} 202 2] W99} zh 9 of
BB S 4 5 Ut o] A& o] gald gAie]
A AA €. YL S 2P ] 93t
© IAaFEAZ BHE 99 AAH (r, s)oll A ¥
HE FLABANMGY Yoz gilsla] Fo]o}
Fia=2s

Fig. 3olA F2z B AN AA 1, 20149 &
a9 e ot 9 3to] & £ it}

(817=u1, wy, (j;) Uz, wa, (;—;)2] (5)

EF 2480 F2RE (r, s)olA 2 2W 9
AA HZEA(, 2914 2] Wotel BA & ol
xig=8

ui=u; cos ¢+ w; sin ¢

w;=u,; sin ¢-+w; cos ¢ (6)

2(6)& A 1, 20] 2 g3te] PPz 2 o}y
s} 2},

U
w1 u
(e (71 [0 ) %!
ds
o1 (71 {2 ™
wg @1
(i, Z
cos¢ sing O
[T]=[ -sing cos¢ 0 ]
0 0 1

5 Fa3FAY FEREA ASYA(TIS
o]&3te] A WYFE 7Y + U} 82 Yo
Ao AN F2E 9 & olel o 2o}

{ u ]:[ &1 812 813 814 £15 18

821 822 £23 824 825 26 ]{8"} (8)

gu=(1-p)cosy, gia=(1-p)sin ¢
g13=0, gr4=p cosp, gis=psing, g,=0
ga1=—(1-3p*+2p®) sing
822=(1--3p*-+-2p°) cos¢

(507)

89

g23=L(p —2p*+p°), g21= — (3p? -~ 2p°) sing
82=(3p* -~ 2p") cos¢, gs=L(~p*+p’)

123 p—s/L
FTHHANA MY LR or, s)2 exten -
sion strain &, & & ., yo2 t}-g 3} o] Ygldr),
a
ds
£ sing  cos¢
£g r r u
[Xs j_ 0 a [w] ©®
Ao ds®
sing d
0 r ds
d_1d & 1 &
ds L dp’ Tdst L ap?

4(®)& e ste] o & Pelatal ofah o} ey
(e(r, s)}=[B1&} (10)

olw [Bl: 4(9)d] 2)(8)& Wsistn A elslo
TG 4(10)el M WYL S 7 F Ut o] W
&S o] &3t g WY g wAE 1
T Stk olE BAE F3Y] 93lo, Fig. 264
@9 o] @ membrance forceE N,, Nog} 331
9ide] J FIYRSUEE M, Mot} slgon
£ o, o= ot &} 2}

o= (& veo),
Op= v (eo+ vey) (11)
Ny=ait, No= oot (12)
EI!
M= i3t 0
Mo=—ZE (ot 13)
=121~ vy Xt V)

I\:—}'?']?éo]% Q(Ns, NG)‘T”}' E—'?"ﬂg- (Ms, M&)%
Yell & $8 7 913 g9 B4 & ol o} o)

Ns
{o(r, s)}= [NB}



90 SR R, B234 B3, 1999

1 v 0 0
v 1 0 0 £
Et A & £
T1ov % 1 ;‘ (14)
2 2 ¢
00 2 L
12 12
(o(r, )} =[Cll&r, s)} (15)

Ee 9&, ve o2 vt 249 FrAolth
2](10)2 (15)ell il shad o534t 2}

{a(r, )} =ICIBI{&} (16)

A9 (ol 23t WF-SH o, s)tek A
W (e 73l el Aol 9t ot #A Tt
Rem o2 HE g0 FPYE ST A& 5 U

(F)= [areal BIT ICIIB] d(area)d} amn
(P =[K1{8) (18)
[K)= foreal BITCB d(area) (19)

Fig. 3ol A 1ejo} A3 & role} &tz 1,274 9] vt
AHREE i, ro2bn 8 p=fs o2 2 d(area)=
2mrds=2nrLdp, s=0~L, p=0~10]3 4(19)&
Al 2 olef s} 2y,

[K')=['IBI1C\B) 2nrLdp (20)

‘&,r=r1+(r2‘r1)p°]\2}.
3. Z2a=ldn siael AlzlY

FeaAYPoz HA3dE do]EF o] 3o
W2 = g4 & FORTRANC Z 2 g
SRt W2 =o) WA &7 513 9 ukx| § 513 9
A A 5 7183 dojeut Fo|XH 43
842 AU 2 Ao Iy 453
Egko] Ao 2 AMET) ojojA) 2 AFFA <
Al 8] A4YdH sFHEE It F4F
BAZ Ag3] o]8 849 FAAYPLE 2H3
3 AAZRDE AR FSIFEAS HYE T
gtch ol HYE o] B3l LEYL Fatn, WY
7F74E AA He Ayer AP 4eE Foch

A g T2 ool AR g #Ask] 9
3la] Fig. 49} Z& Hamadaz} s 4% 344 o] &

Fig. 4 Hamada' s model (w=0atA,u=0p=0atB)

Table 1 Stress (o) distribution

_Ops B Obg
FEM | Ha | FEM

| 0316 | 0018 | 0.011]
0907 | 0.224 | 0.174
1412 | 0.357 | 0.338
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Table 3 Material, chemical composition of bellows

__Composition 1 STS304
. C | 516%
Ni 23.02 %
C 13.93 %
r_, SOV - _ S A
SR S D2 5.
Si 1.48 %
S 0.56 %

Table 4 Material, mechanical properties of bel-

lows
Properties STS304
* Bellows thickness |  03mm
 Yieldingstress | 28612 kgfimm®
_ Tensilestrength | 67kgfmm® |
- i)\aﬂ;ty S 54% |
| %;é smodulus i '4”14306 kgﬂmm2

kef] mm’
4
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Fig. 8 Stress-strain relations for STS304 with
thickness 2.83 and width 24.72
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