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What is ST7-DRS?

‣DRS = Disturbance Reduction System

‣ST7 = Seventh New Millennium Program Technology Demo

‣ST7-DRS is a NASA contribution to an ESA mission (MOO)

‣ Flight Demo of Drag Free Control

‣ Selected for phase A July 2001

‣ Selected for implementation Feb 2002
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System Description

After Sept 12, 2005 Descope
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Colloid Micro-Newton Thruster (CMNT)

VB

VE

‣5-30 µN range

‣0.1 µN contol

‣0.1 µN/√Hz thrust noise
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Thrust Stand Measurements

• Busek’s magnetically levitated thrust stand has 
the best resolution and background noise 
characteristics in the world
– <0.1 µN resolution, ~0.1µN/ Hz equivalent background 

noise from 0.005 to 0.1 Hz

– Older JPL and Busek torsional pendulum microthrust 
stands have 2x lower resolution

– ESA has been trying to develop a similar diagnostic tool 
without much success to date

• Colloid thruster resolution and thrust noise now 
verified by direct measurement
– Previous estimations all done by calculation based on 

beam voltage and current measurements with 100% thrust 
efficiency

– Measured thrust is 92-96% lower than a perfectly 
efficient thruster and closely follows expected T V0.5 I1.5

relation

– Measured thrust noise is not above background levels, 
which meet ST7 requirements from 0.005 to 0.05 Hz

– Calculated thrust noise is an order of magnitude below 
requirement

Calibration Calibration

Mechanical

Resonance
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Flight Assembly
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Clusters - Post-Delivery [to JPL] 2008

March 18th: EMC Testing Complete on Cluster 1

March 11th/May 28th: Magnetics Testing Completed

(Clusters 1 & 2 [respectively] )

February 24th/May 18th: Clusters 1 & 2 [respectively] 

Arrives at JPL
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LISA Pathfinder Mission & DRS
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8 May 2013

DRS Installed on LPF Spacecraft, Nov 2009
DRS Thruster 
Clusters (2)

DRS Integrated 
Avionics Unit
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Gravitational Field
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Monte Carlo Results
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Position Control
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Propulsion Noise
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23 mHz Injected signal



1/28/17

Major Conclusions

‣ST7 was a successful demonstration of drag-free control at a performance level 
necessary for a LISA-type GW observatory

‣The space disturbance environment is understood at the 0.1 µN/√Hz level

‣The Colloid Micro-Newton Thrusters performed at a noise level predicted by pre-launch 
testing

‣The European LTP Inertial Sensor functioned in the DRS system as expected

‣18 degree of freedom drag-free control operated reliably

‣The self-gravity model of DRS is correct at the few pm/s2 level
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Current Status

‣On October 27, Thruster 4 was rendered inoperable due to an unrecoverable short

‣A hybrid drag-free mode was developed using a constant  thrust produced by four 
spacecraft cold gas thrusters and the remaining colloid thrusters → Slightly degraded 
performance 

‣ST7 is approved for extended operations:

- Characterize and understand cause of Th-4 short

- Improvements in thruster control loop

- Higher resolution thrust 

- Improved thruster characterization enabled by SW update

‣Expected mid-March to mid-April 2017

17


