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Cryomodule 
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US DS

Axial 5g

Transvers 1.5g

Vertical 3g

- Static structural analysis 

(5G,3G,1.5G)

- Modal analysis h>10Hz 

Individual components
• Bellows
• Cavities
• Supports
• Coupler
• Thermal Shield
• Two Phase
• Cooling Lines
• Strongback 
• Magnetic Shields 

Frame

- Spec requires to reduce CM 

shocks to (3.5G,2.5G,1.5G)

- Modal analysis h<10Hz 
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CAVITY

CAVITY b=09

Results comparable with report by N. Nigam (ED0010266)

Stress (MPa) 

Ti-Bellows Niobium 

Allowable Stress 99 25

Load 

5G 35 11

3G 62 13
1.5G 40 8

CAVITY b=092

Stress (MPa) 
Ti-Bellows Niobium 

Allowable Stress 99 25

Load 

5G 32 20

3G 85 27*
1.5G 40 13

Results comparable to analysis by N. Sharma (Feb 2019 B92 Review)

*sharp corner 

https://indico.fnal.gov/event/19663/contributions/53463/attachments/33334/40872/PIP-II_JCAV_Proto_FDR_1_Feb_2019_-_B0.92_Cavity_Design_-_Sharma_FINAL_v2.pdf


0.28 
mm 
Sep.

CAVITY SUPPORT
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4

0.185 
mm

1.5G Stress
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COUPLER VACUUM END
fixed

5G

3G



Two-Phase Pipe: 3G
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Total Def. 

Eq. Stress

Stress- 72 MPa  Max
SS316 Yield*0.8= 138 MPa 

Vert Def: ΔMax=0.60mm
Spec: 2.0mm  

Axial Def: ΔMax=1.24mm 
Spec: 6.5mm



Two-Phase Pipe: 5G-3G-1.5G 

Sep 22, 20207 Cheban, Helsper | Summary of HB650 CM Transportation Design | PIP-II HB650 

Transportation Frame FDR

All <<138 MPa  

All <<2.0 mm

All <<6.0 mm

Component

Most Stressed Bellow Piping

Max Stress 
(MPa)

5G 72 43
3G 78 80

1.5G 43 41

Max Trans 
Def (mm)

5G 0.6

N/A3G 0.82

1.5G 0.67

Max Axial 
Def (mm)

5G 1.24

N/A3G 1.08

1.5G 0.6



Global Magnetic Shield: L-Channel Stiffener 
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Modal- 22 Hz 

5G

Mu-Metal
Yield*0.8= 128 MPa  

Eq. Stress

3G

Modal- 32 Hz 
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CAVITY STRING

US
DS

CAVITY
B92

CAVITY
B92

CAVITY
B92

CAVITY
B90

CAVITY
B90

CAVITY
B90

BELLOWS
BEAM PIPE, 

LONG

BELLOWS
BEAM PIPE, 

LONG

BELLOWS
BEAM PIPE, 
B90 TO B92

BELLOWS
BEAM PIPE, 
B92 TO B92

BELLOWS
BEAM PIPE, 
B90 TO B90

BELLOWS
BEAM PIPE, 
B90 TO B90

BELLOWS
BEAM PIPE, 
B92 TO B90

1 21 2

1 1 1

1 2 31 2 3

1 2 63 4 5
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CAVITY STRING 5G AXIAL

B92 TO B92

B90 TO B92
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CAVITY STRING 5G AXIAL

BELLOWS, BEAM PIPE, LONG B90 TO B90

R=36.45mm

R=29.85mm
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SUPPORT STRONG BACK

NO ROTATION
3G

5G

1.5G
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5K LINE

5G

3G

1.5G
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2K LINE
5G

1.5G

3G
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35-50K THERMAL SHIELD

BUMPERS NO SEPARATION

1.5G

3G

5G
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VACUUM VESSEL

3G

5G
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CRYOMODULE 

3G

1.5G

5G
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CRYOMODULE 

3G

1.5G

5G
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CRYOMODULE 
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SUMMARY

• 650MHZ HB PCM transportation analysis (static structural, 

modal) was performed for individual components, sub 

assemblies and main assembly

• The results (ED0012420) of 650MHZ HB PCM design 

analysis show no limitations from cryomodule transportation 

objectives


