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f) Maintenance, 
Repair, and/or 
Refurbishment c) Integrated Vehicle and/or 

Payload Processing 
Operations 



Flight 
Vehicle 
Systems 



Constellation Human System 
Integration Challenges 

• Design and development phases - requirements, 
standards, guidelines, design reviews. 
- Flight systems 

• Vehicles, payloads 

- Flight/ground system interfaces 
• Umbilicals, mechanical and electrical connectors, flex hoses 

- Ground systems 
• Ground support equipment, ground crew training systems, 

launch and mission control workstations, facility systems, 
personnel protective equipment (PPE), ground crew work 
instruction systems, line replaceable unit (LRU) 
repair/refurbishment workstations, and more. 

• Operations and maintenance phases 
- Changing workforce 

- Mixed fleet: Shuttle phase-out and Constellation phase-in 
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An orbiter has more than 300 miles of wires such as these shown in the 
cable tray inside Columbia's payload bay_ A wire damaged by abrasion 
from the head of a screw was found during electrical wiring inspections in 
Columbia's payload bay following STS-93, when a damaged wire caused a 
short circuit in two separate main engine controllers on launch. 



System Risk Management 

• Ground processing errors that 
compromise vehicle safety 
- Design risks vs. maintenance risks 

- Assumption of "perfect" human reliability 

• Visible vs. invisible risks 
- Over-reliance on small numbers of "big" 

events, lack of lower level data 

- Over-reactive vs. proactive 

"accident scenarios ... are ... often a combination of the precipitant technical 
failure and the handling of the technical failure by the flight crew." 

International Air Transport Association Safety Report (2003) 
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Summary 
• Proactive consideration of ground crew factors 

enhances the designs of space vehicles and vehicle 
safety by: 
- Reducing the risk of undetected ground crew errors and 

collateral damage that compromise vehicle reliability and flight 
safety 

- Ensuring compatibility of specific vehicle to ground system 
interfaces 

- Optimizing ground systems 

• During ground processing and launch operations, 
public safety, flight crew safety, ground crew safety, 
and the safety of high-value spacecraft are inter-related 

• For extended Exploration missions, surface crews 
perform functions that merge traditional flight and 
ground operations 
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