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Rotating 
Components and 
Load Path
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Main Interface Points with Core Vessel and MRA
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Target Analysis Models
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Deflection 
Requirements

• Uses full Target model

• Linear material properties

• Unfactored Seismic Load

• Assume worst case of combined 
loads

• No fasteners
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Normal operations include the worst-case combinations 
of: 

L - Live loads (imbalance target rotation) 

P - Operational pressures (Core Vessel and component 
operating pressures) and pressure testing (MAWP) 

T - Operating thermal loads (beam on, cooling water) 

Operation Deflections
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• Shaft vertical deflection is relatively small without the 
CV lid

• Most of the ‘foot’ movement is from the lower part of 
the Segment deforming. 

Target Vertical Deflection
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Overall 
Deflection:
Operational

• Target and CV Shell 
vs Shield Stack
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Overall Deflection:
Seismic
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Mid Segment Seismic 
Deflection Requirement

Requirement < 7mm Relative
Node ID X Y Z Total X Deformation (mm) Relative X Deformation (mm)
132565 -145.219 1315.054 -6.34533 -12.825 -6.825
136531 357.1438 1297.65 -516.46 -9.8268 -3.8268
138336 886.4183 1290.18 -14.1274 -4.7135 1.2865
144402 357.1024 1297.641 516.4323 -9.83 -3.83
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Snubber Vertical 
Deflection, 
Operational
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Snubber Radial 
Deflection, 
Operational
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Segment Foot 
Vertical Deflection, 
Operational
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Segment Foot 
Radial Deflection, 
Operational
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Segment Analysis:
ASME Section VIII,DIV 2

• Elastic Plastic Analysis, Table 5.5  

• Plastic Collapse

• Local Failure

    
 

• Elastic Analysis, Table 5.3
• Fastener Loads
• Plastic Ratcheting

• Fatigue Analysis, Table 5.3
• Cyclic Loads

• 316L Stainless Steel
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Plastic Collapse:  Solution must converge

Acceptance Criteria:
Elastic Plastic Loads

Local Failure:  The Limiting Triaxial Strain is compared 
to the Equivalent Plastic Strain (no cold work strain)
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Plastic Ratcheting: Using a perfectly plastic stress strain 
curve, if no plastic strain occurs then ratcheting does not 
occur.

Fastener Loads are handled with structural methods.

Acceptance Criteria:
Elastic Loads



19

Acceptance Criteria:
Cyclic Loads

Damage < 1
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Load Parameters:  Seismic Coefficient
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Load Parameters: E Stop Acceleration (part of Live load)  

Time to stop using full motor torque
Use 1 second emergency stop for 

conservatism and 10 seconds for regular stop
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Load Parameters:  Live Loads
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Load Parameters: MAWP 
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Load Parameters: Temperature and Deadload
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Load Parameters: Seismic (Two directions)
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Segment Equivalent Stress:
Seismic X
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Segment Equivalent Stress:
Seismic Z
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Segment Foot Pin
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• All Segment welds joints are ‘stepped’ which is 
similar to having a backing strip and no exposed weld 
root.

• This set up is like a prequalified CJP weld example 
from AWS (far left image).

• All welds are to be smoothed and polished during 
fabrication.

• Allows for the use of the same fatigue curves as the 
parent material.

Segment Welds
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• Cyclic Safety Factor

Segment Foot Pin
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Segment Bolt Connection

• M16 Inconel 718 Bolt
• Preload applied
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Segment Bolt 
Interface

• A contact plot of how the centripetal 
force (operational) causes the lower 
portion of the surface to pull away.
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• Main focus is to check Tie 
Rod strength

• Verify no separation at the 
Shaft joints

• Inconel 718 Tie Rods

• 316L Stainless components

• Same ASME requirements

Shaft and Tie Rod Analysis



34

Connections:

• Shaft Interfaces have contact 
interfaces that allow separation

• Beam elements are used for the Tie 
Rods

• Simplified Segments are used
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Simplified Segments
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Applied Loads:

Time Step 1:

• Tie Rod Preload (24000lbf)

• Gravity

Time Step 2:

• Preload Locked

• Gravity

• Temperature

• Pressure

• Rotation

• Seismic*

• Displacement*
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Tie Rod Preload

Compare Operational to Seismic Preload Values (lbf)
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Shaft Contact Status
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Shaft Contact Continued

• Lower Shaft Interfaces
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Crown and Drive 
Assembly

Analysis of Drive components

Contains most of the fasteners

No Temperature loads used
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• All fasteners are beam connections

• No pretention used 

• All fastener joints have a frictionless interface

Fasteners
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Bearing Interface

• Bearing surfaces are modeled as Frictionless 
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Crown
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Crown Deflection:
Seismic

• X Deflection
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• Equivalent Stress

Crown Stress:
Seismic
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Contact Sliding:
Seismic

• The stepped joints in the housing 
take most of the shear force and 
imparts very little to the fasteners.
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Crown Cyclic Load Results

• Fatigue 
Safety Factor
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Rocket Fins:
Seismic

• Equivalent Stress
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Fastener Calcs

Tension and Shear Thread Pullout Fatigue
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Questions
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