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Abstract Summary:
The Bellows assembly used for connecting the 3.9 GHz Cryomodule to other Cryomodules in DESY’s TTF Facility is presented. The Interconnect Bellows assembly has the length 30.4” and Inner Diameter for steel shell 44.76”. This engineering note presents analysis and calculations for the Bellows, shell, flanges and welds per Fermilab, ASME and other applicable codes.
Applicable Codes:

ES&H Manual Chapter 5033, Fermilab.

“Boiler & Pressure Vessel Code” ASME VIII, Div.1, 2007 Edition
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1. Overall Data of the 3.9 GHz Interconnect Bellows Assembly
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Figure 1    3.9 GHz Interconnect Bellows Assembly
Reference drawing: MD – 442063
Overall length ≈ 30.4 in
The weight of the 3.9 GHz Interconnect Bellows Assembly
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Assuming the 3.9 GHz Interconnect Bellows Assembly will be operated under the temperature of  32° F to 100° F

Material: SA 240-316L
Design Parameters

External design pressure 
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Internal design pressure 
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Axial extension (2.5 mm) = 0.098 in
Axial precompression (2.5 mm) = 0.098 in
Lateral deflection (2.5 mm) = 0.098 in
Minimum fatigue cycles = 500

Geometry borders of the 3.9 GHz Interconnect Bellows Assembly
[image: image6.jpg]



Figure 2   Geometry Borders of 3.9 GHz Interconnect Bellows Assembly
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2. Bellows Analysis.
[image: image7.jpg]



Figure 3   Basic dimensions of Bellows.
Reference drawings: ME-442787, ME-442759, MD-442785, MC-442775, MB-442783, and MB-442784.

Given data: 

Bellows Geometry
Inside diameter of the bellow convolution and tangents 
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Number of plies 
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Ply thickness 
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Convolution pitch  
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Number of convolutions 
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Free length 
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Depth of convolution 
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Bellows tangent length 
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Bellows material-SA240-316L stainless steel:
-module of elasticity material of the bellow 
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 (Table TM 1, Section II, Part D, Customary, 2007)
-allowable stress material of the bellow 
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 (Table 1A, Section II, Part D, Customary, 2007)
-Poisson’s Ratio 
[image: image18.wmf]31

.

0

b

=

n

 (Table NF-1, Section II, Part D, Customary, 2007)
Collars Geometry

Collar thickness 
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Collar length 
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Collar material-SA240-316L stainless steel

2.1 Bellows Instability Due to External Pressure (according 26-6.5.2 and UG-28)

The moment of inertia of one convolution cross section relative to the axis passing by the center of gravity and parallel to the axis of the bellow:
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Where, 
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 -thickness of the ply, corrected for thinning during forming: 
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[image: image24.wmf]m
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- mean diameter of bellows convolutions:
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The thickness of the equivalent cylinder:
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The outside diameter of the equivalent cylinder:
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The length of equivalent cylinder:
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The maximum allowable external pressure:
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When,
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From section UG-28, Figure G and Figure HA-4 in Subpart 3 of Section II, part D, ASME VIII, Div. 1 it is found out that
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Solution: since Pa is greater than the external design pressure P of 14.7psi, the bellow equivalent dimensions are satisfactory.

2.2 Bellows under Internal Pressure.
For the Bellows Calculation use Excel program by Tom Page, see Excel spreadsheet at Appendix (Bellows design calculation). 

Solution: the bellows design is satisfactory. 
3. Weld analysis.
3.1 Bellows Flanges welding
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Figure 5 Weld Dimensions: Bellows-collars connection.
Reference drawings:  MD-440241, MD-440252, MC-458591 & MD-442063

Solution: the sizes of the weld #1 are satisfactory because because they meet requirements of the Code (Fig.UW-13.1, sketch “a”, 2007 SECTION VIII-DVISION 1)
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 Figure 6   Weld Dimensions: Bellows-Flanges connections (Right side).
Reference drawings:  MD-440241, MD-440252, MC-458591 & MD-442063
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Figure 7   Weld Dimensions: Bellows-Flanges connections (Left side).
Reference drawings:  MD-440241, MD-440252, MC-458591 & MD-442063

Weld # 2:  The sizes of the weld according rules of UW-13, Figure UW-13.2 (g).
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According rules of UW-13, Figure UW-13.2 (g):


[image: image40.wmf]s

t

b

a

2

³

+

,
[image: image41.wmf]2

1

A

A

a

+

=

, 
[image: image42.wmf]0

=

b

, and 
[image: image43.wmf]Tc

t

s

=


Than, 
[image: image44.wmf]in

in

in

b

a

312

.

0

0

156

.

0

156

.

0

=

+

+

=

+

, 
[image: image45.wmf]in

in

t

s

312

.

0

156

.

2

2

=

´

=


Solution: the sizes of the weld #2 are satisfactory because it meets requirements of the Code.

Weld # 3:  The sizes of the weld are satisfactory because it meets requirements of the Code, according rules Mandatory Appendix 2, 2-4 Circular Flange Types, Fig.2-4, sketches 3.

Solution: the sizes of weld #3 are satisfactory.
3.2 The Half Shell Welds.
(See Fig 8, Fig 9, Fig 10 and Appendix)
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Figure 8 Radial & Longitudinal Welds for interconnection shell.
Reference drawings: MD-442063 & MD-440222
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Figure 9  Dimensions for Shell Weld.

Reference Drawing: MD-440222
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Figure 10  Dimensions for Shell Weld.

Reference Drawing: MD-440222
Solution: the sizes of the welds 4 & 6 are satisfactory because the stresses in those welding joints are less than

yield stresses for  SA240-316L  (Table Y-1, Section II, Part D, ASME code, 2007 edition).
(For more information see Appendix, 3.9 Interconnection Bellows FEA, Figure 10, 11, 13 and NOTE)
4. Appendix.
4.1 Bellows design calculation (by Tom Page Excel Spreadsheet)
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4.2 3.9 Interconnection Bellows FEA  (ANSYS Workbench™ 11.0)
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FIGURE 3
Model > Mesh > Image

[image: image51.png]3
o,
.
0.000 10.000 20.000 (in}
I . L
5000 150




Material Data 

SS316

TABLE 31
SS316 > Constants

	Structural

	Young's Modulus
	2.8e+007 psi

	Poisson's Ratio
	0.31 

	Density
	0.28021 lbm/in³

	Tensile Yield Strength
	34084 psi


4.3.1 
3.9 Interconnection Bellows FEA  (ANSYS Workbench™ 11.0)
EXTERNAL PRESSURE

TABLE 26
Model > Static Structural > Loads

	Object Name
	Fixed Support
	Displacement
	Pressure_Ext
	Pressure_Int

	State
	Fully Defined
	Suppressed

	Scope

	Scoping Method
	Geometry Selection

	Geometry
	1 Face
	37 Faces
	22 Faces

	Definition

	Type
	Fixed Support
	Displacement
	Pressure

	Suppressed
	No
	Yes

	Define By
	 
	Components
	Normal To

	Coordinate System
	 
	Global Coordinate System
	 

	X Component
	 
	9.8e-002 in (ramped)
	 

	Y Component
	 
	0. in (ramped)
	 

	Z Component
	 
	-9.8e-002 in (ramped)
	 

	Magnitude
	 
	14.692 psi (ramped)
	14.504 psi (ramped)


FIGURE 10 (external pressure)
Model > Static Structural > Solution > Total Deformation > Image
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FIGURE 11 (external pressure) 
Model > Static Structural > Solution > Equivalent Stress > Image
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FIGURE 12 (external pressure)
Model > Static Structural > Solution > Equivalent Stress > Image
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FIGURE 13 (external pressure) 
Model > Static Structural > Solution > Stress Tool > Safety Factor > Image
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4.3.2
3.9 Interconnection Bellows FEA  (ANSYS Workbench™ 11.0)
INTERNAL PRESSURE

TABLE 25
Model > Static Structural > Loads

	Object Name
	Fixed Support
	Displacement
	Pressure_Ext
	Pressure_Int

	State
	Fully Defined
	Suppressed
	Fully Defined

	Scope

	Scoping Method
	Geometry Selection

	Geometry
	1 Face
	No Selection
	22 Faces

	Definition

	Type
	Fixed Support
	Displacement
	Pressure

	Suppressed
	No
	Yes
	No

	Define By
	 
	Components
	Normal To

	Coordinate System
	 
	Global Coordinate System
	 

	X Component
	 
	9.8e-002 in (ramped)
	 

	Y Component
	 
	0. in (ramped)
	 

	Z Component
	 
	-9.8e-002 in (ramped)
	 

	Magnitude
	 
	14.692 psi (ramped)
	14.504 psi (ramped)


FIGURE 9 (INTERMAL PRESSURE) 
Model > Static Structural > Solution > Total Deformation > Image

[image: image56.png]Mg HHEEE TTHT T

Total Deformation 4 mage o Fie
Type: Tl eformation

i

Time: 1

12/22}2008 1:19 PM

0.17091 Max

015192

0.13293

0.11394

0.09495

0.0759%

0.05697

0,067

001899

oMin

0.000 10.000 20,000 (n)

s.000 15.000




FIGURE 10 (internal pressure)
Model > Static Structural > Solution > Equivalent Stress > Image
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FIGURE 11 (internal pressure)
Model > Static Structural > Solution > Equivalent Stress > Image
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FIGURE 12 (internal pressure)

Model > Static Structural > Solution > Equivalent Stress > Image
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FIGURE 15 (internal stress) 
Model > Static Structural > Solution > Stress Tool > Safety Factor > Image
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FIGURE 13 (internal stress)
Model > Static Structural > Solution > Stress Tool > Safety Factor > Image
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FIGURE 14 (internal stress)
Model > Static Structural > Solution > Stress Tool > Safety Factor > Image
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Note:
 Due to the construction of a finite element model, there are situations where boundary conditions, such as point loads and certain constraints, that cause unrealistic stress concentrations. Stresses above the allowable are usually cause for concern, but when these elevated stresses occur at a non-realistic boundary condition, the peak stresses are usually ignored. If the stress level drops significantly in neighboring elements near a stress concentration, the lower, neighboring stresses are often used as the actual stress value. At times, an improved mesh may be needed to verify this effect.
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