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Abstract— This report documents an investigation into observed 
failures associated with conducted susceptibility testing of Crew 
Quarters (CQ) hardware in the Johnson Space Center (JSC) 
Electromagnetic Interference (EMI) Measurement Facility, and 
the work accomplished to identify the source of the observed 
behavior.  Investigation led to the conclusion that the hardware 
power input impedance was interacting with the facility power 
impedance leading to instability at the observed frequencies of 
susceptibility.  Testing performed in other facilities did not show 
this same behavior, pointing back to the EMI Measurement 
Facility power as the potential root cause. A LISN emulating the 
Station power bus impedance was inserted into the power circuit, 
and the susceptibility was eliminated from the measurements. 
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I. INTRODUCTION 
This report documents an investigation into observed 

failures associated with conducted susceptibility testing of 
Crew Quarters (CQ) hardware in the Johnson Space Center 
(JSC) Electromagnetic Interference (EMI) Measurement 
Facility. In brief, during conducted susceptibility testing [1] in 
August 2008, over the frequency range from 30 Hz to 50 kHz 
as described in test method CS01 of International Space Station 
requirements documents SSP 30237 and SSP 30238, hardware 
susceptible behavior was observed between 880 Hz and 1 kHz. 
Subsequently, the same testing was repeated in the JSC 
Acoustic Test Facility [2], with no observed failures. Testing 
was repeated in the Acoustics Facility because the hardware 
was already removed from the EMI Facility, and logistics 
considerations precluded relocation of the hardware. Moreover, 
it was desirable to repeat the testing in a different facility, in 
order to determine if the problem was localized to the EMI 
Facility. The testing was repeated a second time for credit in 
the ATF, and the hardware certification was enabled to move 
forward on the recorded positive results. Discussions among a 
team comprising membership from the cognizant design 
contractor, NASA civil servant staff, and EMI Measurement 
Facility support contractor, determined that additional 
engineering evaluation testing [3] in the EMI Facility was 
warranted. This testing was able to replicate the originally 
observed failure conditions. Substitution of a Line Impedance 
Stabilization Network (LISN) as specified in SSP 30238, 

designed to emulate an output impedance very similar to that of 
the Station power bus impedance, eliminated the observed 
failure conditions. Following this testing, it was postulated that 
the cause of the original failure was related to the combination 
of the EMI Facility power supply output impedance and the 
CQ power input circuitry input impedance. An analysis was 
performed on this basis, and the results of that analysis are 
contained in this report. 

II. PREPARATION FOR TROUBLESHOOTING 

A. Preliminary Considerations 
Pursuant to the decision to engage in troubleshooting of the 

initially observed anomaly, an Engineering Evaluation test 
procedure was discussed and written by engineering 
representatives from the cognizant design organization, the test 
support contractor, and engineering representatives from 
NASA JSC Avionic Systems Division. The test was designed 
first to replicate the successful CS01 test conducted in Building 
49, followed by a repeat of the original CS01 testing performed 
in Building 14. The primary difference in configuration 
between these two setups was the use of standalone power 
supplies in Building 49, and the use of the laboratory power 
supply in Building 14. Following the repeat of the two initial 
setups, troubleshooting would proceed with investigation into 
faulty grounding, excessive supply voltage drop, excessive 
applied ripple voltage, and reduced current limit setting for the 
laboratory power supply. In the event that all of the foregoing 
was unsuccessful at replicating the observed anomaly, the 
engineering representatives involved would then determine the 
next steps, if any, either to continue with additional unplanned 
testing, or terminate the testing and declare an unexplained 
anomaly. In all cases, the intent of the testing was to replicate 
the originally observed anomaly. 

B. Test Configurations and Sequencing 
The engineering evaluation test was planned to move in 

sequential order from one configuration to the next, based on 
whether the original anomaly was reproduced or not. For each 
configuration, a CS01 test would be performed from 0.1 kHz to 
1.5 kHz at a standard ripple voltage level of 5 VRMS, 
maximum. In the event the original anomaly was captured, the 
test would move to a more freeform investigative phase in 
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stability. The Nyquist criterion can then be applied to the loop 
gain to determine system stability. 

Stability requirements may be expressed in terms of gain 
and phase margin. To establish gain and phase margin of the 
transfer function, TM = ZS/ZL, the first step is to establish for 
which frequencies, if any, |ZS(s)/ZL(s)| = 1. This condition is 
represented on a Bode plot by an intersection of the magnitude 
with the 0 dB line, or on a Nyquist plot by an intersection of 
the plot with the unit circle. The frequencies at which these 
crossings occur are known as crossover frequencies, fc. Once 
the fc are determined, phase margins at the fc are determined 
by identifying the phase angle of the transfer function at each 
fc and adding 180 degrees. Gain margin at each fc is then 
defined as the difference between the magnitude of TM and the 
0 dB line on a Bode plot. On a Nyquist plot, gain margin is 
identified as the distance between the intersection of TM with 
the negative real axis. Fig. 2 illustrates gain and phase margins 
as shown on a Nyquist plot. 

 
Figure 2.  Nyquist Plot Gain and Phase Margins. 

According to the Nyquist stability criterion, small-signal 
system stability is simply determined by inspection of the 
Nyquist plot for the system under study. If the ZS/ZL circles the 
point (-1,0) in the s-plane, shown as the “X” in the left-hand 
side of Fig. 3, the system is prone to be unstable. Otherwise, 
the system is unconditionally stable. The right-hand side of Fig. 
3 shows the equivalent Bode plot representation of the Nyquist 
plot on the left-hand side. 

 
Figure 3.  Impedance Criteria. 

 

An important aspect of this theory is the realization that 
when the load impedance magnitude exceeds that of the source 
impedance, a negative load impedance condition exists. This is 
illustrated in Fig. 4, wherein the load and source impedances 
can be seen to overlap at two different frequencies. These are 

crossover frequencies, as discussed previously, and a 
corresponding gain and phase margin exist at each point. 

 

 
Figure 4.  Source and Load Impedance Crossover. 

 

Bus impedance peaking may occur at such points of 
overlap. The bus impedance, ZBUS, is defined as the parallel 
combination of ZS and ZL. 
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Peaking, a manifestation of bus resonance, occurs at the fc, 
and is a function of the phase margin. When the phase margin 
is small, the factor on the right hand of equation (2) is less than 
1, and peaking will occur. Conversely, if the phase margin is 
large, the factor is greater than 1, and no peaking occurs. This 
effect is illustrated in Figs. 5 and 6. 

 
Figure 5.  Small Phase Margin 

Bus Z Peaking. 
Figure 6.  Large Phase Margin 

Bus Z Peaking. 
 

V. ANALYSIS RESULTS 
Data collected from all CS01 testing strongly suggested the 

EMI Facility power supply was entering into a current limit 
state. In particular, measurements and observations made 
during the engineering evaluation testing illustrated this effect, 
even though the current limit of the supply was set above the 
expected current maximum, the maximum being controlled by 
means of an inline fuse. This behavior in turn suggested the 
combination of the Crew Quarters and the EMI Facility power 
supply bus impedances was such that bus peaking was 
occurring between 880 Hz and 1 kHz, such as described in the 
preceding theory. In order to pursue this train of thought, 
references [6], Summary of the EMI Lab Power Supply Output 
Impedance Test, and [7], Quick Look Data Package Revised 
Crew Quarters (CQ) Electrical Power Quality Test, were 
obtained, as well as the impedance – frequency relationship of 
the Space Station LISN [8], and the individual and combined 
bus impedances were determined as a function of frequency. 
The resulting plots of these curves are shown in Figs. 7 and 8. 

Load Impedance Magnitude |ZL| 

Source Impedance Magnitude |ZS|
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