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Graphical Requirements
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Requirements to Primary Component Relationships
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MARVEL RCS Overview
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CD Actuator System Dispersed into Subsystems



CD System’s Requirements

• SCRAM
− < 3 Seconds
− Min Impact
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• Operating 
− Max Speed
− Precision



CD System’s SCRAM 
Requirements

• SCRAM 
− < 3 Seconds
− Min Impact

Component Selection

Tolerancing
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CD Testing Results and Model Validation

• Move Out
• SCRAM
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CD Actuator System Dispersed into Subsystems
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CIA System’s Driving Mathematics
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• Move Up
• SCRAM
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CIA Testing Results and 
Model Validation
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Iterative 
Development
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• Analyses
− Sizing

• Characterization
− 60+ Tests

• Assembly
− 2586 Parts
− 37+ Completed SWIs

• Qualification

Iterative Assembly 
and Qualification

Clutch Capacity
(CGD-1229)

Telescoping Universal 
Joint (CGD-1308)

Spring Stiffness 
Characterization

Seal 
(CGD-1320)

Damper 
Characterization



Seal (possible)
Bearings

Damper
Spring

Clutch
Tele Univ Jnt

Backlash

2nd Pos. Ind
Limit Switches

Resolver
Motor

Drum Position

• For a system that is nary implemented, there are expectedly few commercial options, so 
we had to assess the critical characteristics of all parts and characterize them for proof of 
operation.

Component Characterization
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RCS Assembly
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RCS Assembly
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• Time Lapse Videos
− CD Actuator
− Seal
− CIA Actuator
− Test Stand



CD System Qualification

• Verify General System Setup: (Support Structure, Actuator, Shaft Chain, Drum, Cabinet) 

• Verify Clearances: 

• IN Limit Switch (Manual Check) 

• OUT Limit Switch (Manual Check) 

• Potentiometer (Manual Check) 

• Resolver (Base AKD drive Software Check) 

• Motor Status (Base AKD drive Software Check) 

• Brake Status (Base AKD drive Software Check) 

• Motor Motion Out Check with De-energized Clutch/Electromagnet 

• Motor Toggle, Relative, Absolute (slow) 

• Motor Toggle, Relative, Absolute (fast) 

• Motor Max Speed Identification 

• Energize Clutch/Electromagnet 

• Lock Strength Check 

• Hard Stop (IN) Strength Check 

• System SCRAM Just Barely Off IN Limit Switch 

• System Motion OUT Check with Energized Clutch (Resolver, Potentiometer, Limit Switch, 
and Calibrated Direct Rod System Position Monitoring) 

• System Toggle, Relative, Absolute (slow) 

• System Toggle, Relative, Absolute (fast) 

• System Max Speed Identification 

• System Motion IN Check with Energized Clutch (Resolver, Potentiometer, Limit Switch, and 
Calibrated Direct Rod System Position Monitoring) 

• System Toggle, Relative, Absolute (slow) 

• System Toggle, Relative, Absolute (fast) 

• System Max Speed Identification 

• Hard Stop (IN) Strength Test 

• SCRAM Iteratively (25%, 50%, 75%, 100%) 

• SCRAM repeatedly at 100% until target statistics achieved with max environment loads 
applied (e.g., thermally induced deflections)  Slide 20

• Thorough initial qualification
• Reduces to simple move full out and then SCRAM



Iterative Qualification 
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• IIa: RCS Qualification
• IIb+: Assembly Validation Dry Crit
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