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Roadmap
• Relevance
• Stability Criteria
• Verification Methodologies
• Impedance Measurement Demonstration
• Nyquist Stability Analysis
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Relevance
• Spacecraft bus distributes power across N-many loads/subsystems

• Stability between loads and source(s) is crucial, especially at constant power

• Key Example: International Space Station
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Stability Criteria
• Middlebrook Criterion

Load impedance is greater than source impedance at all frequencies.
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• Gain and Phase Margin Criterion
There is arbitrarily sufficient gain and phase margin between the 
source and load, where
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Verification Methods
• Circuit Modeling/Simulation
• Impedance Measurement
• Additional Analyses
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Impedance Measurement 
Demonstration
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Impedance Measurement Setup
• Calibrate test equipment setup before proceeding
• Various selection of measurement hardware available
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DC Power Supply Test Article
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Example Data
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Calibration Run with
100 Ω NI Resistor OCO-3 PCE at Full Load

100 Ω

0° Phase

Resistive

Capacitive

Inductive



-180

-150

-120

-90

-60

-30

0

30

60

90

120

150

180

0.01

0.10

1.00

10.00

100.00

10 100 1000 10000 100000

Ph
as

e 
(D

eg
.)

M
ag

ni
tu

de
 (O

hm
s)

Frequency Hz

JEM EF PDB Source & ECOSTRESS Impedance
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The ECOSTRESS exeeds the I/F "C" 
limitation from frequency ranges 

2.9kHz thru 7.0kHz.
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Assessing the Data
• Do we meet Middlebrook 

Stability Criterion?
• Is the system stable?
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Nyquist Stability Analysis
• Traces transfer function 

between source and load 
in a Nyquist plot

• Gain Separation
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Lessons Learned
• Test early in project lifecycle, 

especially development 
units with resistive loads
• System-level hardware may 

have unintended impedance 
sources
• Give test article time to 

stabilize at respective load 
condition
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Conclusion
• Verification of power system stability is vital in the integration and 

operation of increasingly complex DC spacecraft buses
• Multiple methods are available to verify stability
• Power Stability Criteria is recommended for hardware 

requirements/specification definition
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