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5.2.10 Electrical Power Quality. 

Electrical power quality applies to both AC and DC electrical 
power subsystems. For DC, the vehicle shall conform to 
MIL-STD-1539 as modified by this standard. 

5.2.10.1 Voltage Ripple. At any distribution point for a 
DC electrical power subsystem, the total source generated and 
load induced ripple, including repetitive spikes, shall not 
exceed 500 millivolts peak-to-peak as measured in the time domain. 

5.2.10.2 Spikes. Short duration (less than SO 
microseconds) aperiodic transients and short duration components 
of aperiodic transients shall be limited,to a peak 
value less than three times the nominal load voltage and an 
impulse strength less than '0.14 x 10-3 volt-seconds. 

5.2.10.3 Surges. Positive and negative voltage surges 
shall decay to within steady-state limits in less than 5 and 100 
milliseconds, respectively. 

5.2.10.4 Load Switching and Load Faults. Exclusive of 
spikes, the instantaneous surge amplitude produced at the main 
distribution point by load switching and the clearing of faults 
within connected loads shall remain between 65 and 130 percent of 
the nominal load voltage. The instantaneous surge amplitude 
produced at the output of a br.anch circuit supplying two or more 
loads, by the clearing of faults within one of those loads, shall 
remain between 0 and 175 percent of the nominal load voltage. 

5.2.10.5 
instantaneous 
during faults 
between 0 and 

Power Subsystem Faults. Exclusive of spikes, the 
surge amplitude produced at any distribution point 
within the electrical power subsystem shall remain 
175 percent of the nominal load voltage. 

5.3 EOUIPMQT BEOUIREMRRTS 

5.3.1 lIlA Requirements. The equipment shall conform to 
the standards and requirements of the NTIA manual pertaining to 
the performance characteristics listed in Table I. Relaxation of 
these requirements is subject to special restrictions (Appendix 
A, 50.4.1). ' 

5.3.2 Ground Equipment. 

5.3.2.1 Interface Safety Margins. The characteristics of 
the ground segments of launch and space systems shall be such as 
to yield electromagnetically compatible performance. Safety 
margins shall be established at all mission critical interfaces 
between space vehicles and ground equipment. 
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5.3.2.2 Ground Power Sources. The power output circuit of 
ground sources for vehicle power shall be isolated from the power 
input circuit, control circuits, and the equipment enclosure by 
an insulation resistance of at least I megohm. 

5.3.2.3 Performance Criteria •. The requirements of 
MIL-STO-461 shall be used to establish performance criteria and 
for design guidance. The applicable parts of MIL-STO-461 are as 
follows: 

a. Class A3; ground facilities: Parts I and 4 

b. Class B ; support equipment: Parts I and 7 

c. Class C2; power equipment: Parts I and 8 

5.3.3 Vehicle Equipment. Vehicle equipment shall conform 
to Parts 1 and 30f MIL-STD~461 except as supplemented and 
modified by this standard. 

5.3.3.1 Independence From Conductive Vehicle Structures. 
Subsystems and equipment shall satisfy the requirements of this 
standard when operating with aground network conSisting only of 
the power return conductors, the conductive parts of the 
component enclosures, and any bundle shields for interconnecting 
cables. Satisfactory performance shall not depend upon having 
low impedance bonds between component enclosures and a highly 
conductive ground plane. 

5.3.3.2 CEOI Applicability. This requirement is 
applicable. 

5.3.3.3 CE06 and RE03. The frequency range specified in 
MIL-STD-462 shall be extended to the thirtieth harmonic or 100 
gigahertz, whichever is less,.for.equipment operating frequencies 
greater than 30 megahertz. Relaxation of these requirements is 
subject to special res~rictions (Appendix A, Tailoring 
limitations). 

5.3.304 eSOl Limit. This requirement shall be satisfied 
under conditions such that the instantaneous voltage applied to 
the equipment is respectively equal to the maximum and minimum 
instantaneous voltage limits specified for the load equipment 
under steady state operating conditions . 

. 5.3.3.5 CS02 and RSQ3. Susceptibility signals shall have 
modulation characteristics (for example, amplitude, type, degree, 
frequency, and waveform) which have .the maximum effect on the 

. test sample as shown by analysis. Standard signal generator 
modulation characteristics may be utilized if there is no reason 
t'o expect test sample sensitivity to a unique modulation type. 

21 



.. 
~' 

MIL-STD-154lA (USAF) 
30 DEC 87 

5.3.3.6 CS06 Limits. The following spike shall be used: 

Spike #1 El = 200 volts; t1 = 10 microseconds +/- 20 percent 

5.3~3.7 Electrical Power Surges. Equipment shall 
withstand positive and negative input voltage surges which are 
sustained for at least 10 and 200 milliseconds, respectively. 

5~3.3.7.1 General Surge Response. Equipment shall remain 
undamaged when subjected to step changes of the input voltage 
from 0 to 175 percent and from 120 to 0 percent of the nominal 
load voltage. With step changes from 0 to 100 percent of the 
nominal load voltage the instantaneous inrush current shall not 
exceed 10 times the average steady-state input current. 

5.3.3.7.2 Surge Response of Essential EqU1Pment. 
Essential subsys.tems and components shall satisfy their 
performance requirements when subjected to input voltage step 
changes from 100 to 65 percent and from 100 to 130 percent of the 
nOminal load voltage. 

5.3.3.8 Signal and Control Circuits. Signal and control 
circuits shall conform to the program peculiar emission and 
susceptibility limits. 

5.3.3.9 DC Electrical Power Equipment. The source 
generated ripple voltage at the output of electrical power 
subsystems measured in the time domain, shall not exceed 250 
millivolts peak-to-peak including periodic spikes. This 

. requirement applies for a resistive load at rated full-load 
current. The equivalent source impedance shall conform to the 
vehicle system requirement (5.2.9). 

5.3.3~lO Equipment Electrostatic Susceptibility. The 
operation of logic level circuits shall not be disturbed by the 
arc discharge described in 6.7.2. The discharge voltage shall be 
10 kilovolts for synchronous satellites. Test values for other 
conditions shall be determined as part of the system requirements 
evaluation (4.11). 
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SECTION 6 

TEST AND EVALUATION 

6.1 VERIFICATION METHODS 

Compliance with system requirements shall be satisfied by a 
combination of system tests and analyses based on equipment 
electromagnetic compatibility characteristics. Definite 
equipment characteristics shall be established by test. 

6.2 MEASURING INSTRUMENTS 

Measuring instruments shall conform to MIL-STD-462. 

6 .. 2.1 Instrumentation Errors. Requirements of this 
standard shall be satisfied with additional margin appropriate to 
instrumentation accuracy. . 

6.2.2 Time Domain Measurements. The instrumentation 
bandwidth used for time domain measurements shall be at least 50 
megahertz. 

6.3 SY§TQf VERIFICATION 

A detailed description of the tests, test methods, and 
analyses by which the requirements of· this standard are to be 
satisfied shall be prepared before performing system verification. 

6.3.1 Radiated Susceptibility. Except for radio frequency 
receivers, system safety margins with respect to radiated 
emissions may be established by analyses based on measured 
equipment susceptibility data. 

6~3.2 Partitioning. System segments shall be verified 
individually. Combinations of segments shall then be proven 
.compatible by te.sts at conductive signal and control interfaces~ 
including tests for common-mode effects. The specified 
sensitivity of radio frequency receivers shall be proven by test 
ate~ery level of system integration. 

6.3.3 Liahtning. Unless otherwise specified, the 
requirements for compatibility with lightning shall be satisfied 

. by analysis. Tests, if required, shall be conducted in 
accordance with MI~-STD-l7S7~ . 

6.3.4 Superposition Effects. Compliance with the 
requirement pertaining to superposition (4.10.2) may be shown by 
analysis. 
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6.4 SYSTEM QUALIFICATION TESTS 

Qualification tests shall be designed to secure all data 
necessary to establish the specified safety margins with respect 
to known equipment susceptibility characteristics. The 
simplifications applicable to analysis (4.11.2.5) are also 
acceptable for demonstrating compatibility. 

6.4.1 Selection of Test Points. Test points used for the 
validation of the electromagnetic compatibility safety margins 
(4.10) during the system test shall be selected from the circuits 
involved in all mission critical functions. Tests and analyses 
shall be performed to determine the applicable degradation 
criteria. (4.10.1). The points selected shall be the minimum 
number that adequately demonstrate the required margins for 
subsystems of the system, and shall be subject to the approval of 
the contracting officer. 

6.4.2 Category I and II Functions. Safety margins for 
category I .and II functions shall be established by direct 
measurement of extraneous emissions at conductive interfaces, 
including those introducing common-mode effects. Freedom from 
extraneous responses by radio frequency receivers shall be shown 
directly. by test. . 

6.4.3 Category III Functions. Category III safety margins 
may be demonstrated by freedom from anomaly for all system 
operating conditions. 

6.4.4 Test Conditions. The system test configuration 
shall be ~s nearly identical to the operational configuration as 
is practical, while yet providing for access to the ports at 
which measurements are required. The test shall include all 
operating modes. The effect of departures from the operational. 
configuration shall be addressed by analysis. 

6.4.5 Acceptance Criteria. Acceptance criteria shall be 
established for each category. I and II function. If the safety 
marqin cannot be demonstrated by the results of a single direct 
measurement, that allowable for each of the several or more ports 
involved shall be allocated and defined. 

605 SYSTEM ACCEPTAICE TESTS 

Acceptance tests shall establish compliance with the 
requirements for bonding (5.2.4), electrical power subsystem 
referencing (5.2.3), plus the limits on power quality (5.2.10). 
Additional tests shall be performed to reverify the safety margin 
for any category I or II function for which the margin required 
for qualification has not been demonstrated. 
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Conformance to the requirements of this standard shall be 
demonstrated by test. Test methods and the allocated performance 
degradation limits shall be defined before performing equipment 
tests. 

6.6.1 Acceptance Criteria. Equipment shall conform to the 
performance requirements for ground or vehicle equipment, as 
applicable (5.3.1, 5.3.2 or 5.3.3). Equipment shall not exhibit 
anomalous behavior or part degradation when subjected to the 
specified susceptibility tests. 

6.6.2· Equipment Qualification Tests. Qualification tests 
shall cover all equipment performance requirements . 

6.6.3 Equipment Acceptance Tests. Equipment which fail to 
conform to any qualification requirement, and for which a waiver 
was granted, shall be retested to that requirement as a part of 
acceptance tests to ensure that production variations do not 
invalidate the justification for granting the waiver. 

6.7 EQUIPMEnT TEST METHODS. 

6.7.1 General. Test methods for requirements in the NT!A 
manual shall conform to the methods of the NTIA manual, 
MIL-STD-449, or MIL-STD-462. Test metho.ds for requirements 
specified by MIL-STD-461 shall be in accordance with 
MIL-STD-462. The test method for electrostatic arc discharqe 
susceptibility (5.3.3.l0) shall conform to this standard -
(6.7.2). Test methods for other equipment requirements (5.3.3.7,-
5.3.3.8, and 5.3.3.9) shall be established by the contractor. 

6.7.2 Electrostatic Arc Discharge susceptibility. The 
test setup shall simulate the operational wiring and grounding 
scheme. The equipment under test-shall be bonded to the ground 
plane by the same method used for the vehicle installation. For 
synchronous orbits, a pulsed discharge, at a pulse rate of 1 per 
second for a period of 30 seconds, shall be established at a 
level of 10 kilovolts and at a distance of 30 centimeters from 
each exposed face of the test sample. The test shall be repeated 
by one of the following methods: 

a. Using a direct discharge from one test electrode to 
each top corner of the test sample for equipment 
exposed to the direct space environment: e.g., 
external to a shielded space vehicle. 

b. Impressing the series current from the arc-discharge 
through the mounting surfaces of the test sample 
for eq~ipment installed within a shielded space -
vehicle. 
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If test sample failures are observed at 10 kilovolts, the 
voltage level shall be decreased to the point where satisfactory 
equipment operation is obtained, and that level noted. For 
orbits other than geosynchronous, the applicable test voltage 
sha.ll be determined as part of the system evaluation of 4.11. 
Figure 1 contains a suggested arc source schematic capable of 
establishing the minimum required voltage and arc discharge. Any 
other equivalent type of circuitry may be used and shall be fully 
described in the applicable electromagnetic compatibility test 
plan. The energy dissipated should be equivalent to the maximum 
energ~ storage capacity of storage elements subject to 
electrostatic charging. The energy levels in Figure I are given 
only as minimum values for equipment testing, and may not be 
adequate for full system level testing. 
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Figure 1. Schematic Diagram of Arc Source 
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APPEBDIX A 

APPLICATION INFORMATION 

This appendix contains information for use in the application 
of this standard by an acquisition activity. Its use is optional. 

20. REFERENCED DOCUMENTS 

The following documents are technical references which may be 
useful during the implementation of this standard: 

20.1 Government Documents. Drawings. and Publications. 

SPECIFICATIONS 

MIL-E-60S1 Electromagnetic Compatibility 
Requirements, Systems 

HEADQUARTERS; AIR FORCE SYSTEMS CO~~ND 

AFSC DH 1-4 Electromagnetic Compatibility 
(Design Handbook Series 1-4) 

(This document is available. from ASD/ENES, Wright-Patterson 
AFB, OH 45433-6503.) 

ROME AIR DEVELOPMENT CENTER, AIR FORCE SYSTEMS COMMAND 

RADC-TR-73-217 

RADC-TR-73-324 

RADC-TR-74-342 

RADc-TR-76-101 

Method of Moments 

Analysis of Nonlinear Systems with 
Multiple Inputs 

Intrasystem Electromagnetic Compatibility 
Program, Dec. 1974, (3 volumes) 

Application of Multiconductor· 
Transmission Line Theory to the 
Prediction of Cable Coupling, (8 volumes) 
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Intrasystem Electromagnetic Compatibility 
Program, Feb. 1982, (lAP) Model 
Improvement 

(These documents are available from the Defense Technical 
Information Center, OTIC-FOR, Cameron Station, Alexandria, VA 
22304-6145.) 

SPACE DIVISION, AIR FORCE SYSTEMS COMMAND 

SAMSO-TR-75-44 

SD~TR-85-26 

Static-Electricity Analysis Program, 
Oct. 1974 

The Aerospace Spacecraft Charging 
Document, 3 June 1985 

(These documents are available from the Oefense Technical 
Information Center, OTIC-FOR, Cameron Station, Alexandria, VA 
22304-6145.) 

AIR FORCE GEOPHYSICS LABORATORY, AIR FORCE SYSTEMS COMMAND 

AFGL TR-79-0082 Spacecraft Charging Technology (1978) 

AFGL T~-81-0270 Spacecraft Charging Technology (1980) 

(These documents are available from the Defense Technical 
Information Center.) 

NAVAL RESEARCH LABORATORY 

A-2 

Reduction of Spacecraft Charging Using Highly Emissive 
Surface Materials; Effect of the Ionosphere on Space and 
Terrestrial Systems, by A. G. Rubin, P. L. Rothwell, and G. 
K. Yates. (Naval Research Laboratory, p. 313, 1978) 
(OTIC # ADA068291) 

(This document is available from the Defense Technical 
Information Center, OTIC-FDR, Cameron Station, Alexandria, VA 
22304-6145.) 

20.2 Rongovernment Documents. Drawings. Bnd Publications. 

A. B. Carlson 

G. R. Cooper and 
C. D. McGillem 

·Communications Systems,· McGraw-Hill, 
New York, 1968. 

-Methods of Signal and System Analysis,· 
Holt, Rhinehart and Winston, New York. 
1967. 
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P. R. Satnnard, 
.. I. Katz, 

L._ Gedeon, 
J. C. Roche, 
A. G.' Rubin, and 
M. F. Tautz 
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-Grounding and Shielding Techniques In 
Instrumentation,- Wiley, Rew York, 2nd 
edition, 1977. 

-Noise Reduction Techniques in Electronic 
Systems,- Wiley, Rew York, 1976. 

Validation of the NASCAP Model Using. 
Spaceflight ·Data; AlAA Meeting Paper 
(Reno, Nevada), Jan. 1982. 

40. GEaERAL IRFORMATION 

40 .. 1 General Description. This standard-is intended 
primarily to identify the requirements which describe the 
technical characteristics of the end item. Since tailoring of 
the quantitative performance requirements is often necessary or 
desirable, it also includes requirements for the analyses needed 
to validate those ~hanges. . 

40.2 Intrasystem Analysis Program.· This standard has been 
structured to make. best use of the developments which have been 
realized from the DOD Intrasystem Analysis Program.. These 
benefits include improved analytical methods and programs for 
computer analysis. The analysis programs described in·· . 
RADC-TR-.74-342. and RADC-TR-82-20 are sui table and well documented. 

40.3 Analytical Methods. The methods presented in the 
applicable and the referenced documents are representative of the 
current art pertaining to-the topics covered. Accordingly, they 
may be used as criteria for determininq the adequacy and 
acceptability of any methods used. 

50. PETAlLED llFORMATIOII 

50.1 Open Requirements. The following items are not 
specified in this standard: 

a. Uriinterrupted operation during lightning strikes 
(4.6). 

b. Lightning testing (6.3.3) 

50~2- EguipmentRequirements. Vehicle equipment developed 
for different programs may be inherently incompatible because of 
the longstanding practice of establ~shing program peculiar EMe 
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requirements. When acquiring equipment intended for use in a 
space system, but to be supplied as government furnished 
equipment, relaxation of standard equipment requirements should 
be avoided. For some space vehicles, reduced radiated emission 
limits (RE02) may be required. These reduced limits must be 
specified for such acquisitions. 

50.3 Computer Programs. The best available analytical 
methods may be secured by a contract requirement for use of the 
Air Force standard Intrasystem Analysis Progr~m (lAP). To 
preserve the benefits of standardization, the contract 
requirement should prohibit unauthorized changes in that program. 

50.4 Tailoring Guidance. 

50.4.1 Tailoring Limitations. Certain provisions of this 
standard (5.1) and MIL-STD-46l (CE06) cannot be modified below 

the limits specified by the National Telecommunications and 
Information Administration (NTIA) unless a wI'i tten waiver of 
those limits is obtained from NTIA. 

50.4.2 Self Tailoring. Comprehensive self tailoring is 
incorporated within this standard in the following ways: 

a. Requirements to be met only if specified by the 
contracting officer (50.1). 

b. Requirements of limited applicability (4.7, and 4.8) 

c. Equipment requirements in accordance with the 
classifications of MIL-STO-461. 

d. Provision for program-peculiar compatibility limits 
(4.11) . 

50.4.3 Tailoring for Cost Effectivity. In its complete 
form, the standard is designed to systematically limit the risk 
involved in developing an acceptable system design: one 
characterized by definite and reliable safety margins •. Further 
taiioring to reduce these requirements introduces uncertainties, 
in both the development and operations phases and mayor may not 
be cost effective. Tailoring should be based on the mission 
criticality of the system to which it is applied, with 
recognition of the attendant risk. 

50.4.4 Tailoring Based On Criticality of function. The 
applicapility of the standard may be reduced by applying strict 
limits to the definition of mission critical functions (4.9), or 
by omitting one or more of the requirements for safety. margins. 
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. This standard does not require the preparation of any plans 
or reports. MIL~E-6051 should be used to require an 
electromagnetic compatibility program. The data normally 
required for delivery under an electromagnetic compatibility 
program include: 

a. Frequency allocation and assignment 

b. System EMC Plan 

c. Sub·system EMC Plan 

d. System EMC Test Plan 

e. Subsyst~m EMC Test Plan 

f. Test reports, general 

A-5 
31 



.i'. 

.-----------------------------------------------------------~ STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL 
(Set Inmuctlotu - R~ Side) 

1. DOCUMENT NUMaER 12. DOCUMENT TITU E 1 e c t rama 9 ne tic. Campa t i b i 1 i ty 
MlL-STD-1541A(USAF)I ReQuirements for Soace SYstems 

3& NAME OF IU.MITTING ORGANIZATION 

.. ADDRESS ,.".. .. a.,., SIa,.. n, CtIIM' 

5 ... RoaLEM AREAS 

& ........ Nu ...... encII WOfdine: 

t. REMARKS 

7 .. NAME OF SUBMITTER ('-t. Fh'. "" - Qption. 

c. MAILING ADDRESS (Street, CIt~, SCoIe. ZIP Code) - Optional 

PREVIOUS EDITION IS OBSOl.ETE. 

c. TVPE OF ORGANIZATION ("""'-J o VENDOR 

o USER 

o MANUFACTUReR 

o OTHER (SllftlbJ: 

'\ 

b. WORK TEl.EPHONE NUM8EA (lnd". ANa 
Coda) - Optlona' 

•. OATE OF SU8MISSION (YYIIIIIIDDJ 


