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The Gravity Probe B mission relied on simulators
extensively both in the development and operational
phases. They played a critical role in the mission's overall
success. The primary simulator was the Integrated Test
Facility (ITF) built by Lockheed-Martin. This simulator was
assembled to provide spacecraft dynamics simulation as
well as flight software validation and verification. There
were also subsystem simulators that played important
roles. The gyroscope suspension system team developed
and built a hardware-in-the-loop gyroscope simulator
designed to be able to operate over 10 orders of
magnitude in force domain. This simulator evolved during
on-orbit operations into a state of the art drag-free
simulator. Simulated sensors for the SQUID readout
system, telescope readout system and even an artificial

Acceptance of Flight Hardware:
using Hardware in the Loop

Products of Hardware in the loop simulation:

« Acceptance testing of all 4 Gyroscope Suspension
System Flight Electronics units.

« Verification of the GSS science requirements

« Development and test of the GSS digital and
Analog controllers

« Demonstration of the analog controller's capability
to protect the gyroscope from hitting the housing
due to micrometeorite strikes

ecrade

‘Syroscoper
Elecrae

= =

LE_‘_-___
Measwrement

[T e T ——
g Ol s ot

Ground Plane

Gyroscope Cross-alkshield

Hlectrode

T ———]
trinig e et poperis
fteesope i megtes

Itwas clear from the onset that in
order to test the Gyroscope
Suspension System on the ground a
special simulator would be needed.
The Hardware Gyroscope Simulator
was developed in parallel with the
Flight Gyroscope Suspension System
and provided exceptional results

Gyro-rotor electrode.

Software plus hardware in the
loop simulation
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coupling of the ATCand GSS controllers
« On-Orbit verification of the GSS charge
measurement software and on-board algorithms
« Vetting of the GSS gyroscope protection circuitry,
the Arbiter board and logic

where the spacecraft to payload coupling becomes the
greatest challenge, simulators of the future need to be
designed with coupled interfaces and these simul
must be employed early in the design and build phase of
the mission.

Plot showing the response of the gyroscope

] suspension system to three simulated

L = L micrometeorite strikes of increasing magnitude to
the Gravity Probe B satellite.

Conclusions and Observation

Stanford and ZARM are collaborating on two
complimentary full mission simulators
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Hardware Gyroscope Simultor by thesame susprsion system

Integrated Test Facility (ITF): Instrumental in Validation and Verification of
Every Software Command Executed on the GP-B Spacecraft

GSS On-Orbit Tuning and Anomaly Resolution
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fail to center using the digital controller! Important Lessons taken from the Gravity Probe B

Experiment

"Proposed Architecture for Implementation of
The Integrated Test Facility provided engineers with a complete Lessons Learned
simulated spacecraft including hardware in the loop in which to
develop and test all operational software algorithms. All
communications interfaces with the spacecraft computer (CCCA

via 1553 bus) were identical to the spacecraft.

Itwas noted by several veterans of previous satellite
missions that they had not ever seen a mission
operations team that worked so well together. Itis
believed that the 7 Mission Simulations over the course
of more than 12 months that were run from the Mission
Operations Center with the ITF providing realistic
telemetry , (including anomalies of course!) contributed
greatly to this accomplishment.

« Root cause was determined in 24 hours using the HIL gyroscope
simulator. Rotor charge 5 times the anticipated level was
determined by the simulator.

In Decemberof 2005, the Gravity robe B project entered intoa
ollaboration withth Cenerfor Apled Space Technalogy
and Micogravity (ZARM, a the University o remen,
Germany) undera grant o the Eurapean Union amed “First
Look' The olaboraton nvlves the co-development of
28R spacecraftsimulator and the Gravity Probe B simulator
andtouseof GP-¥ lght atato compare it the
simultors performance a5 a way of ensuing thehighest
fdelityof the simulator models.Th two centers bring
complimentay backroundsto the effort and have aready
benefied greaty rom the exchanges

1. The use of hardware in the loop simulators for
future missions will aid future challenging science
mission satellite experiments beyond what is
commonly believed
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« New code was written, tested and uploaded within 72 hours
and all four successfully centered.

. Hardware in the loop simulation helped provide
the Gravity Probe B mission with nearly flawless

« Rotor was discharged and verified the estimate of the rotor
charge within 10 % found using the simulator.
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= SQUID Simulator with square wave excitation

Non-optimal controller performance was identified
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software performance, both in an operational and
flight software sense. “Test it as you fly it” was
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