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Detail Lateral view
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Detail Top view
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Bellows Studio
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Bellows studio Lateral movement
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Stainless Steel Bellows

i

o

INFN #

Standard Stainless steel bellows -Dimensional Table

standard material: 1.4571 longitudinally welded
* material: 1.4541 seamless

(HYDRA)

type bellows diameter number| fw | length | bb- S-end J-and pressure movement per corrugation spring rate per corrugation Cross- weight

internal external of plies max. | end @ |[length | @ |length PN axial angular lateral aial angular lateral sectional per

d1 Tol. d? Tal. 1] di 12 da 12 area corrugation
dd  |internal intermal &, o, b 1Y Ca oy A

[mim] [mm] [mim] [rarm] [-1 [rmm] [mm] [rmm] [mm] [mm] [rarm] [mim] {bar) [mim] [degraa] [ram] [N/mm] [Nmidagraa] [ M) [em®] [al

columns: 1 2 3 4 g -1 T 2 9 12 13 14 13 18 17 12 19 20 2 2 3 24
BE | 270230 705 (-06/+02] 950 £1,0 2 590 | 400 | 850| B43| 50 [ 705( 10 18 1,00 +1,35 +0,024 360 5,400 93200 54,90 28,00
BE | 270330 705 (-05+403] 920 £1,0 3 610 | 400 | 850| - - 705 10 42 0,70 +0,80 £0,018 800 12,800 239500 52,50 a7,00
BE | 370430 705 (-05+403] 920| £1,0 4 6,90 | 400 | 850| - 705 10 60 +0,67 +0,80 0,012 1800 18,000 250000 53,00 50,00
BE | 370450 705 (-0.7/+0,3] 95,0| £1,0 4 Q00 | 300 | 850) - 70,5 10 105 0,60 +0,80 0,011 2800 58,000 470000 56,30 88,00
BE | 270550 705 (-07/+03] 990) £1,0 3 290 | 300 | 850 - 705( 10 135 +0,57 0,70 0,010 4700 75,000 510000 57,00 | 110,00
BE | 370650 70,5 (-0.7/+0,3|100,5| £1,0 3 114 | 300 | 850) - 70,5 10 175 +0,54 +0,60 +0,009 5200 83,000 450000 58,70 | 136,00
BE | 377125 77,5 [-06/+02|101,0] £1,0 1 550 | 350 | 950| 953| 50 [ 775( 10 7 +1,20 +1,30 +0,027 120 2,100 47400 63,50 13,00
BE | 377225 77,5 |-06/+02(101,0] +1,0 2 B30 | 350 | 95,0| 953| 50 | 775| 10 16 +1,10 +1,20 +0,025 250 4,600 75300 62,80 26,00
BE | 377230 774 (06402 101,0) £1,0 2 640 | 350 | 950| 953| 50 [ 774( 10 20 £0,95 1,10 +0,024 425 7,400 123800 63,40 1,00
BE | 376330 76,5 |-0,5+03(101,0] +1,0 3 T.20 | 350 | 850 - - TB5( 10 30 +0,90 +0,95 +0,018 610 11,000 139000 62,30 46,00
BE | 385120 85,1 |-06/+02(114,5]| +1,0 1 T.00 | 400 |1040| - - 851 ( 10 3 +1,90 1,40 +0,028 45 1,000 15400 7910 10,00
BE | 285130 85,0 (-06/+0,2|110,0| £1,0 1 6,50 | 400 (104,0(1035| 50 [ &50( 10 8 +1,20 +1,20 £0,020 200 4,000 65500 7540 10,00
BE | 285230 85,0 -06/+0,2|106,0| £1,0 2 6,00 | 400 (101,0] 990| 50 [ a50( 10 25 +0,90 +1,00 £0,020 710 14,000 269800 72,80 34,00
BE | 285330 85,0 (-0,7/+0,3|106,0| £1,0 3 6,50 | 400 [1010] - - as0| 10 42 0,70 +0,80 +0,018 1150 22,000 ar2400 7320 51,00
BE | 285430 85,0 (-0,7/+0,3|106,0| £1,0 4 6,90 | 400 [1010] - as0| 10 63 0,60 0,70 0,016 1600 30,000 460000 73,60 68,00
BE | 285530 85,0 (-0.7/+0,3]108,0| £1,0 3 760 | 400 [1010] - as0| 10 a0 £0,55 +0,60 0,014 1700 34,000 411000 74,80 85,00
BE | 293230 93,0 (-08+0.2]120,0| £1,0 2 .00 | 400 (110,0|113,0| 50 [ 830 ( 10 16 +1,30 +1,00 0,020 360 9,000 75600 a0,10 50,00
BE | 296225 96,0 (-084+02]1220| £1,0 2 6,50 | 400 (1130|1154 | 50 [ 960 [ 10 12 +1,25 +1,06 +0,025 220 6,000 92800 60 a7,00
BE | 296130 96,0 (-08/+02]1220| £1,0 1 710 | 400 (1130|1154 50 [ 960( 10 8 +1,20 1,10 0,025 180 4,700 63600 .20 23,00
BE | 296230 96,0 (-08/+02]1220| £1,0 2 670 | 400 (1130|1154 | 50 [ 960( 10 18 +1,00 +0,80 0,021 385 10,000 152800 u.70 45,00
BE | 296330 96,0 (-0.7/+03]1220| £1,0 3 740 | 400 (1130|1154 50 [ 960( 10 28 +0,85 +0,80 +0,020 620 16,000 202000 95,20 66,00
BE | 396250 96,0 |-0,7/+03(1220] +1,0 2 740 | 400 | 1130 - - 96,0( 10 40 +0,65 +0,65 +0,016 2100 57,000 600000 93,70 73,00
BE | 296350 96,0 [-0,7/+0,3]1220| £1,0 3 7,80 | 300 [1130] - 96,0 10 62 +0,60 +0,50 +0,014 2600 094,000 Q00000 Q.70 | 110,00
BE | 296450 96,0 (-0.7/+0,3]124,0| £1,0 4 2860 | 300 [1130] - 96,00 10 a8 +0,58 045 0,012 4200 112,000 890000 95,50 | 146,00
BE | 2102230 102,2 |-0,8/+0,2 [128,0] +1,0 2 6,80 | 400 [122,0(|120,0| 50 (102,2] 10 17 +1,00 +0,90 +0,020 380 11,000 163300 105,50 51,00

BE 02 0802300 15 | 1 | 550 [ 400 1250 (1244 80 (1021 10 1z 2085 Z000 | 0018 475 12000 | 305000 | {7400 | a0
BE | 2110230 (1102 [-08/+0,2 | 130,0| £15 2 6,20 | 400 (1250|1244 &0 (1102 10 25 £0,80 +0,80 £0,012 900 28,000 506600 115,00 37,00
BE | 3110330 (1102 [-0,7/+0,3|130,0| £15 3 7,00 | 200 [1250] - - 102 10 40 0,70 +0,70 £0,012 1475 46,000 651300 115,00 55,00
BE | 2110430 (1102 [-0,7/+0,3]132,0| £15 4 7,50 | 200 [1250] - 1102 10 60 +0,65 +0,60 0,010 1620 57,000 633500 117,00 72,00
BE | 3110530 (1102 [-0,7/+0,3|134,0| £15 5 200 | 200 (1250] - 102] 10 75 0,60 +0,50 +0,008 1700 55,000 584000 118,20 40,00
a8 99
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Bellows with intermediate tube

Metal Bellows with Intermediate Tube for Extensive Lateral Movement

With long metal bellows, as they are required for compensation of extensive lateral
movements, the corrugations in the bellows center are not subject to deflection
but to squirming stress. For this reason, it is appropriate to substitute this part of
the bellows by arigid piping element. The two resulting bellows elements are only
subject to bending, i.e. to angular stress and are to be designed according to the
formulas on pages 70 and 71.

H

L]

Besides economical advantages, the use of an intermediate tube increases the
resistance to internal pressure and the total number of corrugations is lower than
in a "continuous" bellows and the corresponding reduction factor k; (see page 63)
will increase (come closer to 1).

The use of bellows with intermediate pipe is not possible if

a) the space required for installation is not available and

b) the net weight of the intermediate pipe causes an excessive additional stress to
the two bellows elements, thus reducing their service life.
At adequate pressure and squirming factor values thin-walled piping slement
(perhaps reinforced by beads) can be manufactured as one unit without any
weldings.

164 Flaxibla in Steal - WITZENMANN
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Number of convolution - cycle life expectancy

Column

angular
deflec-
ticn

Explanations s{l'.';'.g;b;fc?gﬁ C':"m“ﬁ;;f' factor
The values of the elastic deformation for the bending angles quoted in the 107 0,05
dimensional tables apply to one corrugation. Due to their selection, 10000 5.10° 01
stress cycles at ambient temperature (20-20*C) and under the referancs ) 2100 02
pressura quoted can be expactad. Under thermal strass, the permissible ela- Nw= 6_75/(0_9XO_5):15C0nV0|ut|0n 8. 10° 03
stic deformation will decrease. Furthermore, it is to be reduced if cycle life A 405 4
expactancy is raised, and vice versa. 2. 108 g
The permissible bending angles are calculated from the following table; < e Ce
according to the sarvice conditiors, only one formula is to be selected for 50 000 07
angular sach individual case. 25 000 08
cycle thermal At total or almost total pemissible With only partial application without excess ofthe pormissible 14 000 D:Q
life stress servics pressure rate according to column 16 prezsure according to calculation in oolumn 16 10 000 1,0
expect- 4000 1,2
ancy Py Py LIS T 4000 he
Pm Pe P Pe 1000 16
: num ber of corruga- " number of corruga- .
bending angle a tions for the total bending angle ct tions forthe total ki=ky (also see page 43)
angle (round off angle (round off
1 corrugation Ny COrmgations to higher number) 1 corrugation Iy, corugations to higher nurmber) PE Py K
Pa Pi :
a p i
20°C | az=ay ag =y Ny My = — ay =y, K g =ty Ky My Pl = 1 1
i an - Ky 0,8 1,05
10000 gj 1?5
~ 200 a 02 1,13
=20°C | ay=a, -k, g =y Ky Ny ay=ay, -k, K ag =y Ky kyeny, nwzm 0 1,15
n’ "Ry
! k= k, lalso sse page 83)
a If thﬁ Ient%tll.g of tha codrrg.lg?thed secl-
- - - k- - . — T _ b tion has been increased in these cal-
other 20°C | ap=a,- K tty =ty - Ky Ny oy =y - Ky tg =ty Koy, My = oK cultions, the pressure resistance
load noon will hawve to be verfied again acc. to
cycle column 18 (squim reduction factor).
UM The calculation of the angular move-
bars a oy ment is to be repeated, f necessary.
=20°C | mp=an -k, by ag=dy - Ky KoMy | Ny = o k” m oy =ity - Ky, e Ky ag =ty Ky o Ky My | Ny = TTh mlgmwghﬁdﬂaggpgﬁggc%ﬂﬁmﬁ
noe note ance the corrugated length.
_ . " ; oy
b : requlred.;ersel‘:g_angle flor :Io'uat:dhole be:'?”i I tfze V“aluz_ i ::O" Pm = permissible external pressure calculated values {bar)
g = pem|55| = - ing angla fortna cpmp ete 9, ows rone direction %) Pe = permizsible internal pressure according to column 16 (bar)
an = hominal bending angle per comugation according of movement _ . (har)
to dimenszional tables i=to be (“feorr) P = SQW'CE_‘ pressura . - \ar}
= pemissible bending angls per comugation insertad {*fcort) ki = reduction factor (slastic deflection)

.
n, = numberof corugations
= reduction factor for the ballows movement (elastic deflection)

=
1

at temperatures = 20 °C according to tables on pages 74 to 77

ki = reduction factor (elastic deflection) for strass cycles
under maximum service pressure conditions

for service pressure at 10000 strass cycles

k, = comective factor (elastic deflection) at higher design than service
prassure conditions, ses table page 82

70
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Standard end fittings and connection methods

6 End Fittings and Connection Methods

End Fittings and Connection Methods

d4

(inert gas.
welding)

DIM 15O 4063
without

filler material
micro-plasma and
laser welding

. preferred
bellows end connection type weld method application
end type bk fusion welding for metal bellows

monoply to 4 plies

end type bb

TIG welding

(inert gas

welding)

DIM 150 4043 with
filler material.

for metal bellows
5to & plies

) preferrad
bellows end connection type weld method application
end type S fusion welding only for special
(inert gas welding) applications
DIN 1SO 4043
without
filler material.
Special end type Ja TIG welding for high-pressure

{inert gas welding)
DIM 150 4063 with
filler material.

bellows with more
than 2 plies

end type J

resistance welding

for metal bellows
with 1 or 2 plies

end type J ::Img%ing fusion welding for metal bellows
ring (inert gas welding) monoply to 4 plies

DIM 150 4063 with flange-type
without end fittings
filler material.

without with

reinforcing ring reinforcing ring

156 Flexible in Steel — WITZENMANN
A Ctnet] | e n f Pevveae | 9 LAl Anf a4 af = = =

We have procedures qualified by TUV for arc fusion welding (in accordance with AD shest H1) for

stand ard material combinations. (Pleasa inquire, if necessary).

[ A mTeR Ty el I
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Explanations

The rate of lateral movement is quated for one single corru-
gation in Nm per lateral deflection. It decreases reciprocally
to the third power of the number of corrugations. The lateral
force increases proportionally to the lateral movement.

A

CRQ = nks
Cy- Ay
fiq = Cyg - A = ——
ig ] & n,f‘
n, = 3.':—0" = ‘3.;I _c‘l -,ID
” V. Gy i T.Jg
¢, = lateral spring rate of a |f' N .ﬁl
single corrugation according to L
dimensional table
) N
g = lateral spring rate of the l._.l
bellows Lmm
f,q = lateral force of the bellows (M)
Ap = required lateral movement for the whole
bellows {mm)

n, = number of corrugations

If the length of the bellows has been changed due to this
calculation, the pressure resistance is to be verified again
according to column 16 (squirm reduction factor) and the
permissible lateral movement is also to be verified again
according to column 19, if necessary.

The spring rate tolerances of bellows are

in "standard version" £30%
in "high-precision version" £15%.

The spring rate depends on temperature and decreases
at a rise in temperature according to the table on page 82.

INFN & Angular spring rate
1O o
Explanations
Golumn The angular spring rate is quoted for one single corrugati- Column
21| on in Nm per angular degree. it decreases lingar to the |a1292raj
a;%ﬁ'_gr number of corrugations. The bending force increases pro- spring
rete portionally to the bending angle. rate
. . C,=13Nm
ag nw _
Nw =15
f.=c a, = Ca b
e C,;=0.867
Ca Cg = dp
- +a n, = = — =~
L Cag o F 5.85N Ay e 44
c, = angular spring rate of a { Mm
single corrugation according to |.,_ o | J;
dimensional table
g% C,q = angular spring rate of the |" Nm "| E:::JES’
s bellows v f—%%
== =
= fag = angular force of the bellows (M) == =]
T% ap, = required bending angle ") L[]J
Ng = number of corrugations
If the length of the bellows has been changed due to this
calculation, the pressure resistance is to be verified again
according to column 16 (squirm reduction factor and the
permissible bending angle is also to be verified again
according to column 18, if necessary.
The spring rate tolerances of bellows are
in "standard version® +30%
in "high-precision version' +15%.
The spring rate depends on temperature and decreases
at a rise in temperature according to the table on page 82.
80 Flaxible in Steel - WITZENMANN
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Service life

3 The Structure of the Manual

Service Life

The service life of a corrugated metal bellows or a diaphragm bellows is the num-
ber of stress cycles endured until first leakage, with a total forward and return
movement, i.e. return to the initial position, being one stress cycle.

neutral position

<

movements during
one stress cyle

The pressures and movements quoted in the data sheets have thus been speci-
fied that in the case of cold stress (room temperature 20-30 *C) and expert instal-
lation at least

10000 stress cycles

will be endured. The number of cycles to fracture is, considerably higher in general.

38 Flexible in Steel - WITZENMANN
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3 The Structure of the Manual

The following survey gives a detailled presentation of the number of stress cycles
to be expected. They show that one load cycle per minute (with an operating
period of & hours per day) will make 10° stress cycles per year.

1 year has days == hours == minutes == seconds =

with an operating

period of 24 hours 365 2000 5-10° 3-107
per day

with an operating

period of B hours 240 2000 108 7108
per day

The figure 10 000 is a nominal stress cycle number which may change under the
influence of the operating conditions in practice or of stress factors to be fixed
accordingly. The main affecting factors are

. Temperature

. Elastic Deflection (Maximum Mowvement)
. Service Pressure Load

. Pre-Setting of Stroke

. Stroke Frequency

[ = S

Factors of incalculable negative influence such as

6. Pressure Shocks, Pulsations
7. Thermal Shocks

8. Carrosion

9. Inadequate Installation etc.

are to be taken into consideration.
When selecting the bellows type and dimension, the design engineer should at
least have an approximate idea of the number of stress cycles required. The more

precise the information about the requirements of an application is, the better the
possibility of selacting the appropriate bellows.

Flexible in Steel - WITZENMANN 39
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