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INU (Inertial Navigation Unit) 

Main Engine 

Inertial Measurement System (IMS) 

(Roll Rate Filter: 

from responding to the effects of Milstar fuel 

sloshing and inducing roll rate errors.) 

(RCS provides thrust for vehicle 
pitch, roll, and yaw control; for 
post-injection separation and 
orientation maneuvering; and for 
propellant settling prior to engine 
restart) 

RCS Engines 

in terms of pitch, yaw, and roll axis vectors) 

Flight Control Software (FCS) 

(Computes desired orientation of vehicle 

(Guidance, Navigation, and Control System) 

Position, 
Velocity 

designed to prevent Centaur 
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Inertial Measurement System (IMS) Flight Control Software (FCS) 
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command 
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to stabilize vehicle 

Model of Centaur roll rate does 
not match true vehicle state 

Commands generated based on 

Incorrect constant on the load tape 

Zero roll rate generated by roll rate filter 
using incorrect model.

Incorrect model of the process: Incorrect model of the process: 

incorrect model. 
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CD Engineers 

Incorrect model of software development process 
(Assumed load tape had been verified. 
Thought discrepancies due to expected changes) 

match roll rate constant on flight tape) 
(Used default roll rate that did not 

Incorrect model of Spacecraft Attitude 

Incorrect model of ground check software (did not know default 
values used) 

Ground Crew 

gone through a complete test) 
Incorrect model of development process (assumed software had 

rate filtering) 
Incorrect model of IMS software design (misunderstanding of roll 

Ground Check Software 
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