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FOREWORD

1. Thismilitary standard is approved for use by all Departments and Agencies of the Department
of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any pertinent data which
may be of use in improving this document should be addressed to: ASC/ENSI, 2530 Loop Road
West, Wright-Patterson Air Force Base, OH 45433-7101, by using the self-addressed
Standardization Document Improvement Proposal (DD Form 1426) appearing at the end of this
document or by letter.

3. Thetest requirements previously contained in MIL-STD-462 used to verify compliance with
MIL-STD-461 have been included in this version of MIL-STD-461.

4. The stated interface requirements are considered necessary to provide reasonable confidence
that a particular subsystem or equipment complying with these requirements will function within
their designated design tolerances when operating in their intended el ectromagnetic environment
(EME). The procuring activity should consider tailoring the individual requirements to be more
or less severe based on the design features of the intended platform and its mission in concert
with personnel knowledgeable about electromagnetic compatibility issues affecting platform
integration.

5. An appendix isincluded which provides the rationale and background for each requirement
and verification section.

6. A committee consisting of representatives of the Army, Air Force, Navy, other DoD agencies,
and Industry prepared this document.
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1. SCOPE

1.1 Purpose.

This standard establishes interface and associated verification requirements for the control of the
electromagnetic interference (emission and susceptibility) characteristics of electronic, electrical,
and electromechanical equipment and subsystems designed or procured for use by activities and
agencies of the Department of Defense. Such equipment and subsystems may be used
independently or as an integral part of other subsystems or systems. This standard is best suited
for items that have the following features: electronic enclosures that are no larger than an
equipment rack, electrical interconnections that are discrete wiring harnesses between enclosures,
and electrical power input derived from prime power sources. This standard should not be
directly applied to items such as modules |ocated inside el ectronic enclosures or entire platforms.
The principlesin this standard may be useful as a basis for devel oping suitable requirements for
those applications. Dataitem requirements are also included.

1.2 Application.

1.2.1 General applicability.
The applicability of the emission and susceptibility requirements is dependent upon the types of
equipment or subsystems and their intended installations as specified herein.

1.2.2 Tailoring of requirements.

Application-specific environmental criteriamay be derived from operational and engineering
analyses on equipment or subsystems being procured for use in specific systems or platforms.
When analyses reveal that the requirements in this standard are not appropriate for that
procurement, the requirements may be tailored and incorporated into the request-for-proposal,
specification, contract, order, and so forth. The test procedures contained in this document shall
be adapted by the testing activity for each application. The adapted test procedures shall be
documented in the Electromagnetic Interference Test Procedures (EMITP)(See 6.3).

1.3 Structure.

The standard has two primary sections, the main body and the appendix. The main body contains
the interface and verification requirements of this standard. The appendix is non-contractual and
provides rationale for the requirements and guidance on their interpretation and use. The
paragraph numbering scheme for the appendix parallels the numbering for the main body
requirements except that an extra“0” digit isincluded (for example, 20.0 rather than 2.0).
Occasionally, there are references in the main body to appendix material where an obvious need
exists for the appendix information to be examined.

1.4 Emission and susceptibility designations.

The emissions and susceptibility and associated test procedure requirements in this standard are
designated in accordance with an alphanumeric coding system. Each requirement isidentified by
atwo letter combination followed by athree digit number. The number isfor reference purposes
only. The meaning of the individual lettersis asfollows:

C = Conducted
R = Radiated
E = Emission
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S = Susceptibility

a. Conducted emissions requirements are designated by "CE---."

b. Radiated emissions requirements are designated by "RE---."

c¢. Conducted susceptibility requirements are designated by "CS---."
d. Radiated susceptibility requirements are designated by "RS---."
e. "---" = numerical order of requirement from 101 to 199.
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2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Gover nment documents, drawings, and publications.

The following other Government documents, drawings, and publications form a part of this
document to the extent specified herein. Unless otherwise specified, the issues are those cited in
the solicitation.

DEPARTMENT OF DEFENSE (DoD)

DoDI 6055.11 - Protection of DoD Personnel from Exposure to
Radio Frequency Radiation and Military
Exempt Lasers

SD-2 - Buying Commercial and Nondevel opmental
ltems

NORTH ATLANTIC TREATY ORGANIZATION

STANAG 3516 - Electromagnetic Interference and Test Methods
for Aircraft Electrical and Electronic
Equipment

STANAG 4435 - Electromagnetic Compatibility Testing

Procedures and Requirements for Naval
Electrical and Electronic Equipment (Surface
Ship, Metallic Hull)

STANAG 4436 - Electromagnetic Compatibility Testing
Procedures and Requirements for Naval
Electrical and Electronic Equipment (Surface
Ship, Non-Metallic Hull)

STANAG 4437 - Electromagnetic Compatibility Testing
Procedures and Requirements for Naval
Electrical and Electronic Equipment
(Submarines)

(Copies of the DoDI 6055.11, SD-2, and STANAGs are available from the Department of
Defense Single Source Stock Point, 700 Robbins Avenue, Building 4D, Philadelphia PA 19111-
5094 [ Telephone 215-697-2179].)

2.2 Non-Government publications.
The following documents form a part of this document to the extent specified herein. Unless
otherwise specified, the issues of the documents which are DoD adopted are those listed in the

3



Downloaded from http://www.everyspec.com

MIL-STD-461E
issue of the DoDISS cited in the solicitation. Unless otherwise specified, the issues of

documents not listed in the DoDISS are the issues of the documents cited in the solicitation (see
6.2).

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI/IEEE C63.2 - Standard for Instrumentation-Electromagnetic
Noise and Field Strength, 10 kHz to 40 GHz,
Specifications

ANSI/IEEE C63.4 - Standard for Electromagnetic Compatibility,

Radio-Noise Emissions from Low Voltage
Electrical and Electronic Equipment in the
Range of 9 kHz to 40 GHz, Methods of

M easurement

ANSI/IEEE C63.14 - Standard Dictionary for Technologies of
Electromagnetic Compatibility (EMC),
Electromagnetic Pulse (EMP), and Electrostatic
Discharge (ESD)

ANSI/NCSL Z540-1 - Genera Requirements for Calibration
Laboratories and Measuring and Test
Equipment

(DoD activities may obtain copies of ANSI documents from the Standardization Document
Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia PA 19111-5094. Other
Government agencies and the private sector may address application for copies of ANSI
documents to the American National Standards Institute, 11 West 42™ Street, New Y ork, New
Y ork 10036 [Telephone: 212-642-4900 or Fax: 212-398-0023]; or the Institute of Electrical and
Electronics Engineers, Incorporated (IEEE), 445 Hoes Lane, Piscataway NJ 08855-1331
[ Telephone: 800-701-4333 or Fax: 908-981-9667].)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
ASTM E 380 - Standard for Metric Practice (DoD adopted)
(Application for copies should be addressed to the American Society for Testing and
Materials, 1916 Race Street, Philadelphia PA 19103-1187 [Telephone: 215-299-5585 or FAX:
215-977-9679].)

INTERNATIONAL STANDARDS ORGANIZATION

ISO 10012-1 - Quality Assurance Requirements for Measuring
Equipment
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(Application for copies of SO documents should be addressed to |SO, International
Organization for Standardization, 3 rue de Varembe, 1211 Geneve 20, Geneve, Switzerland
[Telephone: 41 22 734 0150].)

SOCIETY OF AUTOMOTIVE ENGINEERS (SAE)

ARP 958 - Electromagnetic Interference Measurement
Antennas; Standard Calibration Requirements
and Methods

(Application for copies should be addressed to the Society of Automotive Engineers,
Incorporated, 400 Commonwealth Drive, Warrendale PA 15096 [Telephone: 412-776-4841 or
FAX: 412-776-5760].)

2.3 Order of precedence.

In the event of a conflict between the text of this standard and the references cited herein, the text
of this standard shall take precedence. Nothing in this document, however, supersedes applicable
laws and regulations unless a specific exemption has been obtained.
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3. DEFINITIONS

3.1 General.
The terms used in this standard are defined in ANSI C63.14. In addition, the following
definitions are applicable for the purpose of this standard.

3.2 Acronymsused in this standard.

a ASW - Anti-submarine Warfare

b. BIT - Built-in Test

c. EMC - Electromagnetic Compatibility

d. EME - Electromagnetic Environment

e. EMI - Electromagnetic Interference

f. EMICP -  Electromagnetic Interference Control Procedures
g. EMITP -  Electromagnetic Interference Test Procedures
h. EMITR -  Electromagnetic Interference Test Report

i. ERP - Effective Radiated Power

j. EUT - Equipment Under Test

k. GFE - Government Furnished Equipment

. 1SM - Industrial, Scientific and Medical

m. LISN -  Linelmpedance Stabilization Network

n. NDI - Non-Developmental Item

o. RF - Radio Frequency

p. RMS - Root Mean Square

g TEM -  Transverse Electromagnetic

r.. TPD - Termina Protection Device

3.3 Above deck.
An area on ships which is not considered to be “below deck” as defined herein.

3.4 Below deck.

An area on ships which is surrounded by a metallic structure, or an area which provides
significant attenuation to electromagnetic radiation, such as the metal hull or superstructure of a
surface ship, the pressure hull of a submarine and the screened rooms in non-metallic ships.

3.5 External installation.

An equipment location on a platform which is exposed to the external electromagnetic
environment, such as an aircraft cockpit which does not use electrically conductive treatments on
the canopy or windscreen.
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3.6 Flight-line equipment.

Any support equipment that is attached to or used next to an aircraft during pre-flight or post-
flight operations, such as uploading or downloading data, maintenance diagnostics, or equipment
functional testing.

3.7 Internal installation.
An equipment location on a platform which istotally inside an electrically conductive structure,
such as atypical avionics bay in an auminum skin aircraft.

3.8 Metric units.

Metric units are a system of basic measures which are defined by the International System of
Units based on "Le System International d'Unites (SI)", of the International Bureau of Weights
and Measures. These units are described in ASTM E 380.

3.9 Non-developmental item.

Non-developmental item is a broad, generic term that covers material available from awide
variety of sources both Industry and Government with little or no development effort required by
the procuring activity.

3.10 Safety critical.
A category of subsystems and equipment whose degraded performance could result in loss of life
or loss of vehicle or platform.

3.11 Test setup boundary.

The test setup boundary includes all enclosures of the Equipment Under Test (EUT) and the 2
meters of exposed interconnecting leads (except for leads which are shorter in the actual
installation) and power leads required by 4.3.8.6.
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4. GENERAL REQUIREMENTS

4.1 General.

Electronic, electrical, and electromechanical equipment and subsystems shall comply with the
applicable general interface requirementsin 4.2. Genera requirements for verification shall bein
accordance with 4.3. These general requirements are in addition to the applicable detailed
emission and susceptibility requirements and associated test procedures defined in 5.0.

4.2 Interface Requirements.

4.2.1 Joint procurement.
Equipment or subsystems procured by one DoD activity for multi-agency use shall comply with
the requirements of the user agencies.

4.2.2 Filtering (Navy only).

The use of line-to-ground filters for EMI control shall be minimized. Such filters establish low
impedance paths for structure (common-mode) currents through the ground plane and can be a
major cause of interference in systems, platforms, or installations because the currents can couple
into other equipment using the same ground plane. If such afilter must be employed, the line-to-
ground capacitance for each line shall not exceed 0.1 microfarads (uF) for 60 Hertz (Hz)
equipment or 0.02 uF for 400 Hz equipment. For submarine DC-powered equipment and aircraft
DC-powered equipment, the filter capacitance from each line-to-ground at the user interface shall
not exceed 0.075 pF/kW of connected load. For DC loads less than 0.5 kW, the filter
capacitance shall not exceed 0.03 uF. The filtering employed shall be fully described in the
equipment or subsystem technical manual and the Electromagnetic Interference Control
Procedures (EMICP) (See 6.3).

4.2.3 Self-compatibility.

The operational performance of an equipment or subsystem shall not be degraded, nor shall it
malfunction, when al of the units or devices in the equipment or subsystem are operating
together at their designed levels of efficiency or their design capability.

4.2.4 Non-Developmental Items (NDI).
In accordance with the guidance provided by DoD SD-2, the requirements of this standard shall
be met when applicable and warranted by the intended installation and platform requirements.

4241 Commercial items.

4.2.4.1.1 Selected by contractor.

When it is demonstrated that a commercial item selected by the contractor is responsible for
equipment or subsystems failing to meet the contractual EMI requirements, either the
commercial item shall be modified or replaced or interference suppression measures shall be
employed, so that the equipment or subsystems meet the contractual EMI requirements.

4.2.4.1.2 Specified by procuring activity.

When it is demonstrated by the contractor that a commercial item specified by the procuring
activity for use in an equipment or subsystem is responsible for failure of the equipment or
subsystem to meet its contractual EMI requirements, the data indicating such failure shall be
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included in the Electromagnetic Interference Test Report (EMITR) (See 6.3). No modification or
replacement shall be made unless authorized by the procuring activity.

4.2.4.2 Procurement of equipment or subsystems having met other EMI requirements.
Procurement of equipment and subsystems electrically and mechanically identical to those
previously procured by activities of DoD or other Federal agencies, or their contractors, shall
meet the EMI requirements and associated limits, as applicable in the earlier procurement, unless
otherwise specified by the Command or agency concerned.

4.2.5 Government Furnished Equipment (GFE).

When it is demonstrated by the contractor that a GFE is responsible for failure of an equipment
or subsystem to meet its contractual EMI requirements, the data indicating such failure shall be
included in the EMITR. No modification shall be made unless authorized by the procuring
activity.

4.2.6 Switchingtransients.

Switching transient emissions that result at the moment of operation of manually actuated
switching functions are exempt from the requirements of this standard. Other transient type
conditions, such as automatic sequencing following initiation by a manual switching function,
shall meet the emissions requirements of this standard.

4.3 Verification requirements.

The general requirements related to test procedures, test facilities, and equipment stated below,
together with the detailed test procedures included in 5.0, shall be used to determine compliance
with the applicable emission and susceptibility requirements of this standard. Any procuring
activity approved exceptions or deviations from these general requirements shall be documented
in the Electromagnetic Interference Test Procedures (EMITP) (See 6.3). Equipment that are
intended to be operated as a subsystem shall be tested as such to the applicable emission and
susceptibility requirements whenever practical. Formal testing is not to commence without
approval of the EMITP by the Command or agency concerned. Datathat is gathered as aresult
of performing tests in one e ectromagnetic discipline may be sufficient to satisfy requirementsin
another. Therefore, to avoid unnecessary duplication, a single test program should be established
with tests for similar requirements conducted concurrently whenever possible.

4.3.1 Measurement tolerances.
Unless otherwise stated for a particular measurement, the tolerance shall be as follows:

a. Distance: +5%

b. Frequency: £2%

c. Amplitude, measurement receiver: +2 dB
d

Amplitude, measurement system (includes measurement receivers, transducers, cables,
and so forth): +3 dB

Time (waveforms): £5%
Resistors: 5%

e. Capacitors: +20%

®
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4.3.2 Shielded enclosures.

To prevent interaction between the EUT and the outside environment, shielded enclosures will
usually be required for testing. These enclosures prevent external environment signals from
contaminating emission measurements and susceptibility test signals from interfering with
electrical and electronic itemsin the vicinity of the test facility. Shielded enclosures must have
adequate attenuation such that the ambient requirements of 4.3.4 are satisfied. The enclosures
must be sufficiently large such that the EUT arrangement requirements of paragraph 4.3.8 and
antenna positioning requirements described in the individual test procedures are satisfied.

4.3.2.1 Radio Frequency (RF) absorber material.

RF absorber material (carbon impregnated foam pyramids, ferrite tiles, and so forth) shall be
used when performing electric field radiated emissions or radiated susceptibility testing inside a
shielded enclosure to reduce reflections of electromagnetic energy and to improve accuracy and
repeatability. The RF absorber shall be placed above, behind, and on both sides of the EUT, and
behind the radiating or receiving antenna as shown in Figure 1. Minimum performance of the
material shall be as specified in Tablel. The manufacturer's certification of their RF absorber
material (basic material only, not installed) is acceptable.

TABLE |. Absorption at normal incidence.

Frequency Minimum absorption
80 MHz - 250 MHz 6 dB
above 250 MHz 10dB

4.3.3 Other test sites.
If other test sites are used, the ambient requirements of paragraph 4.3.4 shall be met.

4.3.4 Ambient electromagnetic level.

During testing, the ambient electromagnetic level measured with the EUT de-energized and all
auxiliary equipment turned on shall be at least 6 dB below the allowable specified limits when
the tests are performed in a shielded enclosure. Ambient conducted levels on power leads shall
be measured with the leads disconnected from the EUT and connected to aresistive load which
draws the same rated current asthe EUT. When tests are performed in a shielded enclosure and
the EUT isin compliance with required limits, the ambient profile need not be recorded in the
EMITR. When measurements are made outside a shielded enclosure, the tests shall be
performed during times and conditions when the ambient is at its lowest level. The ambient shall
be recorded in the EMITR and shall not compromise the test results.

4.3.5 Ground plane.

The EUT shall beinstalled on a ground plane that simulates the actual installation. If the actual
installation is unknown or multiple installations are expected, then a metallic ground plane shall
be used. Unless otherwise specified below, ground planes shall be 2.25 square meters or larger
in areawith the smaller side no less than 76 centimeters. When a ground planeis not present in
the EUT installation, the EUT shall be placed on a non-conductive table.

10
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4.3.5.1 Metallic ground plane.

When the EUT isinstalled on ametallic ground plane, the ground plane shall have a surface
resistance no greater than 0.1 milliohms per square. The DC resistance between metallic ground
planes and the shielded enclosure shall be 2.5 milliohms or less. The metallic ground planes
shown in Figures 2 through 5 shall be electrically bonded to the floor or wall of the basic
shielded room structure at least once every 1 meter. The metallic bond straps shall be solid and
maintain afive-to-oneratio or lessin length to width. Metallic ground planes used outside a
shielded enclosure shall extend at least 1.5 meters beyond the test setup boundary in each
direction.

4.3.5.2 Composite ground plane.

When the EUT isinstalled on a conductive composite ground plane, the surface resistivity of the
typical installation shall be used. Composite ground planes shall be electrically bonded to the
enclosure with means suitable to the material.

4.3.6 Power sourceimpedance.

The impedance of power sources providing input power to the EUT shall be controlled by Line
Impedance Stabilization Networks (LISNs) for all measurement procedures of this document
unless otherwise stated in a particular test procedure. LISNs shall not be used on output power
leads. The LISNs shall be located at the power source end of the exposed length of power leads
specified in paragraph 4.3.8.6.2. The LISN circuit shall be in accordance with the schematic
shown in Figure 6. The LISN impedance characteristics shall be in accordance with Figure 7.
The LISN impedance shall be measured at least annually under the following conditions:

a.  Theimpedance shall be measured between the power output lead on the load side of the
LISN and the metal enclosure of the LISN.

b. Thesignal output port of the LISN shall be terminated in fifty ohms.

c. The power input terminal on the power source side of the LISN shall be unterminated.
The impedance measurement results shall be provided in the EMITR.
4.3.7 General test precautions.

4.3.7.1 Accessory equipment.
Accessory equipment used in conjunction with measurement receivers shall not degrade
measurement integrity.

4.3.7.2 Excess personnel and equipment.

The test area shall be kept free of unnecessary personnel, equipment, cable racks, and desks.
Only the equipment essential to the test being performed shall be in the test area or enclosure.
Only personnel actively involved in the test shall be permitted in the enclosure.

4.3.7.3 Overload precautions.

M easurement receivers and transducers are subject to overload, especially receivers without
preselectors and active transducers. Periodic checks shall be performed to assure that an
overload condition does not exist. Instrumentation changes shall be implemented to correct any
overload condition.

11
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4.3.7.4 RF hazards.

Sometestsin this standard will result in electromagnetic fields which are potentially dangerous
to personnel. The permissible exposure levelsin DoDI 6055.11 shall not be exceeded in areas

where personnel are present. Safety procedures and devices shall be used to prevent accidental

exposure of personnel to RF hazards.

4.3.7.5 Shock hazard.
Some of the tests require potentially hazardous voltages to be present. Extreme caution must be
taken by all personnel to assure that all safety precautions are observed.

4.3.7.6 Federal Communications Commission (FCC) restrictions.

Some of the tests require high level signals to be generated that could interfere with normal FCC
approved frequency assignments. All such testing should be conducted in a shielded enclosure.
Some open site testing may be feasible if prior FCC coordination is accomplished.

4.3.8 EUT test configurations.

The EUT shall be configured as shown in the general test setups of Figures 1 through 5 as
applicable. These setups shall be maintained during all testing unless other direction is given for
aparticular test procedure.

4.3.8.1 EUT design status.
EUT hardware and software shall be representative of production. Software may be
supplemented with additional code that provides diagnostic capability to assess performance.

4.3.8.2 Bonding of EUT.

Only the provisionsincluded in the design of the EUT shall be used to bond units such as

equi pment case and mounting bases together, or to the ground plane. When bonding straps are
required, they shall be identical to those specified in the installation drawings.

4.3.8.3 Shock and vibration isolators.

EUTs shall be secured to mounting bases having shock or vibration isolators if such mounting
bases are used in the installation. The bonding straps furnished with the mounting base shall be
connected to the ground plane. When mounting bases do not have bonding straps, bonding
straps shall not be used in the test setup.

4.3.8.4 Safety grounds.

When external terminals, connector pins, or equipment grounding conductors are available for
safety ground connections and are used in the actual installation, they shall be connected to the
ground plane. Arrangement and length shall be in accordance with 4.3.8.6.1.

4.3.8.5 Orientation of EUTSs.

EUTs shall be oriented such that surfaces which produce maximum radiated emissions and
respond most readily to radiated signals face the measurement antennas. Bench mounted EUTs
shall be located 10 +£2 centimeters from the front edge of the ground plane subject to alowances
for providing adequate room for cable arrangement as specified below.

4.3.8.6 Construction and arrangement of EUT cables.

Electrical cable assemblies shall smulate actual installation and usage. Shielded cables or
shielded leads (including power leads and wire grounds) within cables shall be used only if they
have been specified in installation requirements. Cables shall be checked against installation

12
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requirements to verify proper construction techniques such as use of twisted pairs, shielding, and
shield terminations. Details on the cable construction used for testing shall be included in the
EMITP.

4.3.8.6.1 Interconnecting leads and cables.

Individual leads shall be grouped into cables in the same manner as in the actua installation.
Total interconnecting cable lengths in the setup shall be the same as in the actual platform
installation. If acableislonger than 10 meters, at least 10 meters shall beincluded. When cable
lengths are not specified for the installation, cables shall be sufficiently long to satisfy the
conditions specified below. At least the first 2 meters (except for cables which are shorter in the
actual installation) of each interconnecting cable associated with each enclosure of the EUT shall
be run parallel to the front boundary of the setup. Remaining cable lengths shall be routed to the
back of the setup and shall be placed in a zig-zagged arrangement. When the setup includes
more than one cable, individual cables shall be separated by 2 centimeters measured from their
outer circumference. For bench top setups using ground planes, the cable closest to the front
boundary shall be placed 10 centimeters from the front edge of the ground plane. All cables shall
be supported 5 centimeters above the ground plane.

4.3.8.6.2 Input power leads.

Two meters of input power leads (including neutrals and returns) shall be routed parallel to the
front edge of the setup in the same manner as the interconnecting leads. Each input power lead,
including neutrals and returns, shall be connected to aLISN (see 4.3.6). Power leads that are
bundled as part of an interconnecting cable in the actual installation shall be configured in the
same fashion for the 2 meter exposed length and then shall be separated from the bundle and
routed to the LISNs. After the 2 meter exposed length, the power leads shall be terminated at the
LISNsin as short adistance as possible. Thetota length of power lead from the EUT electrical
connector to the LISNs shall not exceed 2.5 meters. All power leads shall be supported

5 centimeters above the ground plane. If the power leads are twisted in the actual installation,
they shall be twisted up to the LISNs.

4.3.8.7 Electrical and mechanical interfaces.

All electrical input and output interfaces shall be terminated with either the actual equipment
from the platform installation or loads which simulate the electrical properties (impedance,
grounding, balance, and so forth) present in the actual installation. Signal inputs shall be applied
to all applicable electrical interfaces to exercise EUT circuitry. EUTswith mechanical outputs
shall be suitably loaded. When variable electrical or mechanical loading is present in the actual
installation, testing shall be performed under expected worst case conditions. When active
electrical loading (such as atest set) is used, precautions shall be taken to insure the active load
meets the ambient requirements of 4.3.4 when connected to the setup, and that the active load
does not respond to susceptibility signals. Antenna ports on the EUT shall be terminated with
shielded, matched loads.

4.3.9 Operation of EUT.

During emission measurements, the EUT shall be placed in an operating mode which produces
maximum emissions. During susceptibility testing, the EUT shall be placed in its most
susceptible operating mode. For EUTs with severa available modes (including software
controlled operational modes), a sufficient number of modes shall be tested for emissions and

13
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susceptibility such that all circuitry is evaluated. The rationale for modes selected shall be
included in the EMITP.

4.3.9.1 Operating frequenciesfor tunable RF equipment.

Measurements shall be performed with the EUT tuned to not less than three frequencies within
each tuning band, tuning unit, or range of fixed channels, consisting of one mid-band frequency
and afrequency within +5 percent from each end of each band or range of channels.

4.3.9.2 Operating frequenciesfor spread spectrum equipment.
Operating frequency requirements for two major types of spread spectrum equipment shall be as
follows:

a.  Frequency hopping. Measurements shall be performed with the EUT utilizing a hop set
which contains a minimum of 30% of the total possible frequencies. This hop set shall
be divided equally into three segments at the low, mid, and high end of the EUT's
operational frequency range.

b. Direct sequence. Measurements shall be performed with the EUT processing data at the
highest possible data transfer rate.

4.3.9.3 Susceptibility monitoring.

The EUT shall be monitored during susceptibility testing for indications of degradation or
malfunction. This monitoring is normally accomplished through the use of built-in-test (BIT),
visual displays, aural outputs, and other measurements of signal outputs and interfaces.
Monitoring of EUT performance through installation of special circuitry inthe EUT is
permissible; however, these modifications shall not influence test results.

4.3.10 Use of measurement equipment.

M easurement equipment shall be as specified in the individual test procedures of this standard.
Any frequency selective measurement recelver may be used for performing the testing described
in this standard provided that the receiver characteristics (that is, sensitivity, selection of
bandwidths, detector functions, dynamic range, and frequency of operation) meet the constraints
specified in this standard and are sufficient to demonstrate compliance with the applicable limits.
Typical instrumentation characteristics may be found in ANSI C63.2.

4.3.10.1 Detector.

A peak detector shall be used for all frequency domain emission and susceptibility
measurements. This device detects the peak value of the modulation envelope in the receiver
bandpass. Measurement receivers are calibrated in terms of an equivalent Root Mean Square
(RMS) value of a sine wave that produces the same peak value. When other measurement
devices such as oscilloscopes, non-selective voltmeters, or broadband field strength sensors are
used for susceptibility testing, correction factors shall be applied for test signalsto adjust the
reading to equivalent RM S values under the peak of the modulation envelope.

4.3.10.2 Computer-controlled receivers.

A description of the operations being directed by software for computer-controlled receivers shall
beincluded in the EMITP. Verification techniques used to demonstrate proper performance of
the software shall also be included.

14



Downloaded from http://www.everyspec.com

MIL-STD-461E

4.3.10.3 Emission testing.

4.3.10.3.1 Bandwidths.

The measurement receiver bandwidths listed in Table Il shall be used for emission testing. These
bandwidths are specified at the 6 dB down points for the overall selectivity curve of the
receivers. Video filtering shall not be used to bandwidth limit the receiver response. If a
controlled video bandwidth is available on the measurement receiver, it shall be set to its greatest
value. Larger receiver bandwidths may be used; however, they may result in higher measured
emission levels. NO BANDWIDTH CORRECTION FACTORS SHALL BE APPLIED TO
TEST DATA DUE TO THE USE OF LARGER BANDWIDTHS.

TABLE Il. Bandwidth and measurement time.

Frequency Range 6dB Dwell Time Minimum Measurement Time
Bandwidth Analog Measurement Receiver
30Hz- 1kHz 10 Hz 0.15 sec 0.015 sec/Hz
1kHz-10kHz 100 Hz 0.015 sec 0.15 sec/kHz
10 kHz - 150 kHz 1kHz 0.015 sec 0.015 sec/kHz
150 kHz - 30 MHz 10 kHz 0.015 sec 1.5 sec/MHz
30 MHz - 1 GHz 100 kHz 0.015 sec 0.15 sec/MHz
Above 1 GHz 1 MHz 0.015 sec 15 sec/GHz

4.3.10.3.2 Emission identification.

All emissions regardless of characteristics shall be measured with the measurement receiver
bandwidths specified in Table || and compared against the applicable limits. Identification of
emissions with regard to narrowband or broadband categorization is not applicable.

4.3.10.3.3 Frequency scanning.

For emission measurements, the entire frequency range for each applicable test shall be scanned.
Minimum measurement time for analog measurement receivers during emission testing shall be
as specified in Table I1. Synthesized measurement receivers shall step in one-half bandwidth
increments or less, and the measurement dwell time shall be as specified in Tablell. For
equipment that operates such that potential emissions are produced at only infrequent intervals,
times for frequency scanning shall be increased as necessary to capture any emissions.

4.3.10.3.4 Emission data presentation.

Amplitude versus frequency profiles of emission data shall be automatically generated and
displayed at the time of test and shall be continuous. The displayed information shall account for
all applicable correction factors (transducers, attenuators, cable loss, and the like) and shall
include the applicable limit. Manually gathered datais not acceptable except for verification of
the validity of the output. Plots of the displayed data shall provide a minimum frequency
resolution of 1% or twice the measurement receiver bandwidth, whichever isless stringent, and
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minimum amplitude resolution of 1 dB. The above resolution requirements shall be maintained
in the reported results of the EMITR.

4.3.10.4 Susceptibility testing.

4.3.10.4.1 Frequency scanning.

For susceptibility measurements, the entire frequency range for each applicable test shall be
scanned. For swept frequency susceptibility testing, frequency scan rates and frequency step
sizes of signal sources shall not exceed the valueslisted in Tablelll. Therates and step sizes are
specified in terms of amultiplier of the tuned frequency (fo) of the signal source. Analog scans
refer to signal sources which are continuously tuned. Stepped scans refer to signal sources which
are sequentially tuned to discrete frequencies. Stepped scans shall dwell at each tuned frequency
for the greater of 3 seconds or the EUT response time. Scan rates and step sizes shall be
decreased when necessary to permit observation of a response.

TABLE I11. Susceptibility scanning.

Analog Scans Stepped Scans
Frequency Range Maximum Scan Rates Maximum Step Size
30Hz - 1MHz 0.0333fo/sec 0.05fo
1 MHz - 30 MHz 0.00667 fo/sec 0.01f,
30 MHz - 1GHz 0.00333 fo/sec 0.005 fq
1 GHz - 8 GHz 0.000667 fo/sec 0.001 f,
8 GHz - 40 GHz 0.000333 fo/sec 0.0005 fo

4.3.10.4.2 Modulation of susceptibility signals.
Susceptibility test signals for CS114 and RS103 shall be pulse modulated (on/off ratio of 40 dB
minimum) at a 1 kHz rate with a 50% duty cycle.

4.3.10.4.3 Thresholds of susceptibility.

When susceptibility indications are noted in EUT operation, athreshold level shall be determined
where the susceptible condition is no longer present. Thresholds of susceptibility shall be
determined as follows and described in the EMITR:

a.  When asusceptibility condition is detected, reduce the interference signal until the EUT
recovers.

b. Reducetheinterference signal by an additional 6 dB.

c. Gradually increase the interference signal until the susceptibility condition reoccurs.
Theresulting level isthe threshold of susceptibility.

d. Record thislevel, frequency range of occurrence, frequency and level of greatest
susceptibility, and other test parameters, as applicable.
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4.3.11 Calibration of measuring equipment.

Test equipment and accessories required for measurement in accordance with this standard shall
be calibrated in accordance with ANSI/NCSL Z540-1 or 1SO 10012-1 or under an approved
calibration program traceable to the National Institute for Standards and Technology. In
particular, measurement antennas, current probes, field sensors, and other devices used in the
measurement |oop shall be calibrated at least every 2 years unless otherwise specified by the
procuring activity, or when damage is apparent.

4.3.11.1 Measurement system test.

At the start of each emission test, the complete test system (including measurement receivers,
cables, attenuators, couplers, and so forth) shall be verified by injecting a known signal, as stated
in theindividual test procedure, while monitoring system output for the proper indication. When
the emission test involves an uninterrupted set of repeated measurements (such as evaluating
different operating modes of the EUT) using the same measurement equi pment, the measurement
system test needs to be accomplished only one time.

4.3.11.2 Antennafactors.
Factors for test antennas shall be determined in accordance with SAE ARP-958.
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FIGURE 1. RF absorber loading diagram.
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FIGURE 5. Test setup for free standing EUT.
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5. DETAILED REQUIREMENTS

5.1 General.

This section specifies detailed emissions and susceptibility requirements and the associated test
procedures. TablelV isalist of the specific requirements established by this standard identified
by requirement number and title. General test procedures are included in this section. Specific
test procedures are implemented by the Government approved EMITP. All results of tests
performed to demonstrate compliance with the requirements are to be documented in the EMITR
and forwarded to the Command or agency concerned for evaluation prior to acceptance of the
equipment or subsystem. Design procedures and techniques for the control of EMI shall be
described in the EMICP. Approval of design procedures and techniques described in the EMICP
does not relieve the supplier of the responsibility of meeting the contractual emission,
susceptibility, and design requirements.

5.1.1 Unitsof frequency domain measur ements.

All frequency domain limits are expressed in terms of equivalent Root Mean Square (RMYS)
value of a sine wave as would be indicated by the output of a measurement receiver using peak
envelope detection (see 4.3.10.1).

5.2 EMI control requirements versusintended installations.

Table V summarizes the requirements for equipment and subsystems intended to be installed in,
on, or launched from various military platforms or installations. When an equipment or
subsystem isto be installed in more than one type of platform or installation, it shall comply with
the most stringent of the applicable requirements and limits. An"A" entry in the table means the
requirement is applicable. An"L" entry means the applicability of the requirement islimited as
specified in the appropriate requirement paragraphs of this standard; the limits are contained
herein. An"S" entry means the procuring activity must specify the applicability, limit, and
verification proceduresin the procurement specification. Absence of an entry means the
requirement is not applicable.

5.3 Emission and susceptibility requirements, limits, and test procedures.

Individual emission or susceptibility requirements and their associated limits and test procedures
are grouped together in the following sections. The applicable frequency range and limit of many
emission and susceptibility requirements varies depending on the particular platform or
installation. The test procedures included in this section are valid for the entire frequency range
specified in the procedure; however, testing only needs to be performed over the frequency range
specified for the particular platform or installation.
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TABLE IV. Emission and susceptibility requirements.

Requirement Description

CE101 Conducted Emissions, Power Leads, 30 Hz to 10 kHz

CE102 Conducted Emissions, Power Leads, 10 kHz to 10 MHz

CE106 Conducted Emissions, Antenna Terminal, 10 kHz to 40 GHz

Csl101 Conducted Susceptibility, Power Leads, 30 Hz to 150 kHz

CS103 Conducted Susceptibility, Antenna Port, Intermodulation, 15 kHz to
10 GHz

CS104 Conducted Susceptibility, Antenna Port, Rejection of Undesired
Signals, 30 Hz to 20 GHz

CS105 Conducted Susceptibility, Antenna Port, Cross-Modulation, 30 Hz to
20 GHz

CS109 Conducted Susceptibility, Structure Current, 60 Hz to 100 kHz

Cs114 Conducted Susceptibility, Bulk Cable Injection, 10 kHz to 200 MHz

CS115 Conducted Susceptibility, Bulk Cable Injection, Impulse Excitation

CS116 Conducted Susceptibility, Damped Sinusoidal Transients, Cables and
Power Leads, 10 kHz to 100 MHz

RE101 Radiated Emissions, Magnetic Field, 30 Hz to 100 kHz

RE102 Radiated Emissions, Electric Field, 10 kHz to 18 GHz

RE103 Radiated Emissions, Antenna Spurious and Harmonic Outputs, 10 kHz
to 40 GHz

RS101 Radiated Susceptibility, Magnetic Field, 30 Hz to 100 kHz

RS103 Radiated Susceptibility, Electric Field, 2 MHz to 40 GHz

RS105 Radiated Susceptibility, Transient Electromagnetic Field
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TABLE V. Requirement matrix.

Equipment and Subsystems Installed
In, On, or Launched From the
Following Platforms or Installations

Requirement Applicability

SR ONORONONONONORONGR@NEVEPINPVEPINPINPY)
m (MM 0 | 0|00 |0 (W0 |0 m|mmn|» 0
cloblolalolelakrlrrBlEElRIG]|S
Sggpwhmmhmmpmwl—\wm
Surface Ships A|LIA|S|S|S A|L[AJA|A|[L|A|A|L
Submarines A|lA[L|A|S|S|S|L|A|L|AJAJA|[L|A|A|L
Aircraft, Army, Including Flight Line |A|A|L|A|S|S|S AlA|AIA|IA|LIA|A|L
Aircraft, Navy LIA|L|A[S|S|S A|lA[A|L|A|L|L|A|L
Aircraft, Air Force A|LIA|S|S|S AlAA AlL A
Space Systems, Including Launch A|IL|A[S|S|S AlAlA AlL A
Vehicles
Ground, Army A[LIA[S|S|S AlA[A AlL|L|A
Ground, Navy A|L[A|S|S|S AlA A A|LIAJA|L
Ground, Air Force A|ILIA|S|S|S AlA A AlL A

Legend:
A: Applicable

L: Limited as specified in the individual sections of this standard
S.  Procuring activity must specify in procurement documentation
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5.4 CE101, conducted emissions, power leads, 30 Hzto 10 kHz.

5.4.1 CE101 applicability.

This requirement is applicable for power leads, including returns, that obtain power from other
sources got part of the EUT for submarines, Army aircraft® (including flight line) and Navy
aircraft*

*For equipment intended to be installed on Navy aircraft, this requirement is applicable only
for aircraft with Anti-Submarine Warfare (ASW) capability.

“For AC applications, this requirement is applicable starting at the second harmonic of the
EUT power frequency.

5.4.2 CE101 limits.

Conducted emissions on power leads shall not exceed the applicable values shown on Figures
CE101-1 through CE101-3, as appropriate, for submarines and Figure CE101-4 for Army aircraft
(including flight line) and Navy ASW aircraft.

5.4.3 CE101 test procedure.

5.4.3.1 Purpose.
Thistest procedure is used to verify that electromagnetic emissions from the EUT do not exceed
the specified requirements for power input leads including returns.

5.4.3.2 Test equipment.
The test equipment shall be as follows:

a.  Measurement receivers
Current probes

Signal generator
Datarecording device
Oscilloscope

Resistor (R)

g. LISNs

5.4.3.3 Setup.
The test setup shall be asfollows:

a. Maintain abasic test setup for the EUT as shown and described in Figures 2 through 5
and 4.3.8. The LISN may be removed or replaced with an alternative stabilization
device when approved by the procuring activity.

-~ 0o o o O

b. Cdlibration. Configure the test setup for the measurement system check as shown in
Figure CE101-5.

c. EUT testing.

CE101
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(1) Configure the test setup for compliance testing of the EUT as shown in Figure
CE101-6.

(2) Position the current probe 5 cm from the LISN.

5.4.3.4 Procedures.
The test procedures shall be as follows:

a. Turn on the measurement equipment and allow a sufficient time for stabilization.

b.

Cdlibration. Evaluate the overall measurement system from the current probe to the
data output device.

(1) Apply acalibrated signa level, whichis at least 6 dB below the applicable limit at
1 kHz, 3 kHz, and 10 kHz, to the current probe.

(2) Verify the current level, using the oscilloscope and load resistor; aso, verify that
the current waveform is sinusoidal.

(3) Scan the measurement receiver for each frequency in the same manner as anormal
datascan. Verify that the data recording device indicates alevel within £3 dB of
theinjected level.

(4) If readings are obtained which deviate by more than £3 dB, locate the source of the
error and correct the deficiency prior to proceeding with the testing.

EUT testing. Determine the conducted emissions from the EUT input power leads,
including returns.

(1) Turnonthe EUT and alow sufficient time for stabilization.
(2) Select an appropriate lead for testing and clamp the current probe into position.

(3) Scan the measurement receiver over the applicable frequency range, using the
bandwidths and minimum measurement times specified in Tablell.

(4) Repeat 5.4.3.4¢(3) for each power lead.

5.4.3.5 Data presentation.
Data presentation shall be as follows:

a

Continuously and automatically plot amplitude versus frequency profileson X-Y axis
outputs. Manually gathered datais not acceptable except for plot verification.

Display the applicable limit on each plot.

Provide a minimum fregquency resolution of 1% or twice the measurement receiver
bandwidth, whichever isless stringent, and a minimum amplitude resolution of 1 dB for
each plot.

Provide plots for both the measurement and system check portions of the procedure.

CE101
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FIGURE CE101-5. Measurement system check.

34

CE101
20 August 1999



Downloaded from http://www.everyspec.com

MIL-STD-461E

50 Q Termination on
Signal Output Port
(One for Each LISN)

]

>~ LISN
Power EUT
Leads f\
o—— LISN
\/
1
| Current Probe
SCm—P: <
Measurement
Receiver

Data Recorder

FIGURE CE101-6. Measurement setup.

CE101
35 20 August 1999



Downloaded from http://www.everyspec.com

MIL-STD-461E

5.5 CE102, conducted emissions, power leads, 10 kHzto 10 MHz.

5.5.1 CE102 applicability.
This reguirement is applicable from 10 kHz to 10 MHz for all power leads, including returns,
that obtain power from other sources not part of the EUT.

5.5.2 CE102 limits.
Conducted emissions on power leads shall not exceed the applicable values shown on Figure
CE102-1.

5.5.3 CE102 test procedure.

5.5.3.1 Purpose.
Thistest procedure is used to verify that electromagnetic emissions from the EUT do not exceed
the specified requirements for power input leads, including returns.

5.5.3.2 Test equipment.
The test equipment shall be as follows:

a  Measurement receiver

b. Datarecording device
c. Signa generator
d. Attenuator, 20 dB, 50 ohm
e. Oscilloscope
f. LISNs
5.5.3.3 Setup.

The test setup shall be asfollows:

a. Maintain abasic test setup for the EUT as shown and described in Figures 2 through 5
and 4.3.8.

b. Cadlibration.

(1) Configurethetest setup for the measurement system check as shown in Figure
CE102-2. Ensurethat the EUT power sourceis turned off.

(2) Connect the measurement receiver to the 20 dB attenuator on the signal output port
of the LISN.

c. EUT testing.

(1) Configure thetest setup for compliance testing of the EUT as shown in Figure
CE102-3.

(2) Connect the measurement receiver to the 20 dB attenuator on the signal output port
of the LISN.

5.5.3.4 Procedures.
The test procedures shall be as follows:

CE102
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a. Cdibration. Perform the measurement system check using the measurement system

check setup of Figure CE102-2.
(1) Turn on the measurement equipment and allow a sufficient time for stabilization.

(2) Apply asignal level that is at least 6 dB below the limit at 10 kHz, 100 kHz, 2 MHz
and 10 MHz to the power output terminal of the LISN. At 10 kHz and 100 kHz,
use an oscilloscope to calibrate the signal level and verify that it issinusoidal. At 2
MHz and 10 MHz, use a calibrated output level directly from a50 ) signad
generator.

(3) Scan the measurement receiver for each frequency in the same manner as anormal
datascan. Verify that the measurement receiver indicates alevel within £3 dB of
theinjected level. Correction factors shall be applied for the 20 dB attenuator and
the voltage drop due to the LISN 0.25 microfarad coupling capacitor.

(4) If readings are obtained which deviate by more than £3 dB, locate the source of the
error and correct the deficiency prior to proceeding with the testing.

(5 Repeat 5.5.3.4a(2) through 5.5.3.4a(4) for each LISN.

EUT testing. Perform emission data scans using the measurement setup of Figure
CE102-3.

(1) Turnonthe EUT and alow a sufficient time for stabilization.
(2) Select an appropriate lead for testing.

(3) Scan the measurement receiver over the applicable frequency range, using the
bandwidths and minimum measurement timesin the Table 1.

(4) Repeat 5.5.3.4b(2) and 5.5.3.4b(3) for each power lead.

5.5.3.5 Data presentation.
Data presentation shall be as follows:

a

Continuously and automatically plot amplitude versus frequency profileson X-Y axis
outputs. Manually gathered datais not acceptable except for plot verification.

Display the applicable limit on each plot.

Provide a minimum frequency resolution of 1% or twice the measurement receiver
bandwidth, whichever isless stringent, and a minimum amplitude resolution of 1 dB for
each plot.

Provide plots for both the measurement system check and measurement portions of the
procedure.

CE102
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5.6 CE106, conducted emissions, antenna terminal, 10 kHz to 40 GHz.

5.6.1 CE106 applicability.

This requirement is applicable to the antenna terminals of transmitters, receivers, and amplifiers.
The requirement is not applicable to equipment designed with antennas permanently mounted to
the EUT. The transmit mode portion of this requirement is not applicable within the EUT
necessary bandwidth and within +5 percent of the fundamental frequency. Depending on the
operating frequency range of the EUT, the start frequency of the test is as follows:

EUT Operating Frequency Range Start Frequency of Test

10 kHz to 3 MHz 10 kHz
3 MHz to 300 MHz 100 kHz
300 MHz to 3 GHz 1 MHz

3 GHz to 40 GHz 10 MHz

The end frequency of the test is 40 GHz or twenty times the highest generated or received
frequency within the EUT, whichever isless. For equipment using waveguide, the requirement
does not apply below eight-tenths of the waveguide's cutoff frequency. RE103 may be used as an
aternative for CE106 for testing transmitters with their operational antennas. RE102 is
applicable for emissions from antennas in the receive and standby modes for equipment designed
with antennas permanently mounted to the EUT.

5.6.2 CE106 limits.
Conducted emissions at the EUT antenna terminal shall not exceed the values given below.

a Receivers: 34 dBuV
b. Transmitters and amplifiers (standby mode): 34 dBuV

c. Transmitters and amplifiers (transmit mode): Harmonics, except the second and third,
and all other spurious emissions shall be at |east 80 dB down from the level at the
fundamental. The second and third harmonics shall be suppressed 50 + 10 log p (where
p = peak power output in watts, at the fundamental) or 80 dB, whichever requires|ess
suppression.

5.6.3 CE106 test procedure.

5.6.3.1 Purpose.
Thistest procedure is used to verify that conducted emissions appearing at the antenna terminal
of the EUT do not exceed specified requirements.

5.6.3.2 Test equipment.
The test equipment shall be as follows:

a Measurement receiver
b. Attenuators, 50 ohm
c. Rgection networks

CE106
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d. Directional couplers
e. Dummy loads, 50 ohm

f. Signa generators. For amplifier testing, asignal generator isrequired to drive the
amplifier that provides the modulation used in the intended application and that has
spurious and harmonic outputs that are down at least 6 dB greater than the applicable
limit.

g. Datarecording device

5.6.3.3 Setup.

It is not necessary to maintain the basic test setup for the EUT as shown and described in figures
2 through 5 and 4.3.8. The test setup shall be asfollows:

a. Cdibration. Configure the test setup for the signal generator path shown in Figures
CE106-1 through CE106-3 as applicable. The choice of figure CE106-1 or CE106-2 is

dependent upon the capability of the measuring equipment to handle the transmitter
power.

b. EUT Testing. Configure the test setup for the EUT path shown in Figures CE106-1
through CE106-3 as applicable. The choice of figure CE106-1 or CE106-2 is

dependent upon the capability of the measuring equipment to handle the transmitter
power.

5.6.3.4 Procedures.

5.6.3.4.1 Transmit mode for transmittersand amplifiers.
The test procedure shall be asfollows:

a. Turn on the measurement equipment and allow a sufficient time for stabilization.
b. Cadlibration.

(1) Apply aknown calibrated signal level from the signal generator through the system
check path at a mid-band fundamental frequency (fo).

(2) Scan the measurement receiver in the same manner as anormal data scan. Verify
the measurement receiver detects alevel within £3 dB of the expected signal.

(3) If readings are obtained which deviate by more than 3 dB, locate the source of the
error and correct the deficiency prior to proceeding with the test.

(4) Repeat 5.6.3.4.1b(1) through 5.6.3.4.1b(3) at the end points of the frequency range
of test.

c. EUT Testing.
(1) Turnonthe EUT and allow sufficient time for stabilization.

(2) For transmitters, tune the EUT to the desired test frequency and apply the
appropriate modulation for the EUT asindicated in the equipment specification.
For amplifiers, apply an input signal to the EUT that has the appropriate frequency,
power level, and modulation as indicated in the equipment specification. For
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transmitters and amplifiers for which these parameters vary, test parameters shall
be chosen such that the worst case emissions spectrum will result.

(8) Usethe measurement path to complete the rest of this procedure.

(4) Tunethe test equipment to the operating frequency (fo) of the EUT and adjust for
maximum indication.

(5) Record the power level of the fundamental frequency (fo) and the measurement
receiver bandwidth.

(6) Insert the fundamental frequency rejection network, when applicable.

(7) Scan the frequency range of interest and record the level of all harmonics and
spurious emissions. Add al correction factors for cable loss, attenuators and
rejection networks. Maintain the same measurement receiver bandwidth used to
measure the power level of the fundamental frequency (fo) in 5.6.3.4.1c(5).

(8) Verify spurious outputs are from the EUT and not spurious responses of the
measurement system.

(9) Repeat 5.6.3.4.1¢(2) through 5.6.3.4.1c(8) for other frequencies as required by
4.3.9.1 and 4.3.9.2.

(10) Determine measurement path losses at each spurious frequency as follows:
(@) Replacethe EUT with asignal generator.
(b) Retain al couplersand rejection networks in the measurement path.

(c) Determine the losses through the measurement path. The value of attenuators
may be reduced to facilitate the end-to-end check with alow level signal
generator.

5.6.3.4.2 Receiversand stand-by mode for transmittersand amplifiers.
The test procedure shall be as follows:

a. Turn on the measurement equipment and allow a sufficient time for stabilization.
b. Cadlibration.

(1) Apply acalibrated signa level, which is 6 dB below the applicable limit, from the
signal generator through the system check path at a midpoint test frequency.

(2) Scan the measurement receiver in the same manner as anormal datascan. Verify
the measurement receiver detects alevel within £3 dB of the injected signal.

(3) If readings are obtained which deviate by more than £3 dB, locate the source of the
error and correct the deficiency prior to proceeding with the test.

(4) Repeat 5.6.3.4.2b(1) through 5.6.3.4.2b(3) at the end points of the frequency range
of test.

c. EUT Tedting.
(1) Turnonthe EUT and alow sufficient time for stabilization.
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(2) Tunethe EUT to the desired test frequency and use the measurement path to
complete the rest of this procedure.

(3) Scan the measurement receiver over the applicable frequency range, using the
bandwidths and minimum measurement times of table .

(4) Repeat 5.6.3.4.2¢c(2) and 5.6.3.4.2¢(3) for other frequencies as required by 4.3.9.1
and 4.3.9.2.

5.6.3.5 Data presentation.

5.6.3.5.1 Transmit mode for transmittersand amplifiers.
The data presentation shall be as follows:

a. Continuously and automatically plot amplitude versus frequency profiles for each tuned
frequency. Manually gathered data is not acceptable except for plot verification.

b. Provide aminimum frequency resolution of 1% or twice the measurement receiver

bandwidth, whichever is less stringent, and a minimum amplitude resolution of 1 dB for
each plot

c. Providetabular data showing fo and frequencies of all harmonics and spurious
emissions measured, power level of the fundamental and all harmonics and spurious
emissions, dB down level, and all correction factorsincluding cable loss, attenuator
pads, and insertion loss of rejection networks.

d. Therelative dB down level is determined by subtracting the level in 5.6.3.4.1c(7) from
that obtained in 5.6.3.4.1¢(5).

5.6.3.5.2 Receiversand stand-by mode for transmittersand amplifiers.
The data presentation shall be as follows:

a. Continuously and automatically plot amplitude versus frequency profiles for each tuned
frequency. Manually gathered data is not acceptable except for plot verification.

b. Display the applicable limit on each plot.

c. Provide aminimum frequency resolution of 1% or twice the measurement receiver

bandwidth, whichever is less stringent, and a minimum amplitude resolution of 1 dB for
each plot.

d. Provide plotsfor both the measurement and system check portions of the procedure.
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FIGURE CE106-1. Setup for low power transmittersand amplifiers.
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FIGURE CE106-3. Setup for receiversand stand-by mode for transmittersand amplifiers.
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5.7 CS101, conducted susceptibility, power leads, 30 Hz to 150 kHz.

5.7.1 CS101 applicability.

This requirement is applicable to equipment and subsystem AC and DC input power |eads, not
including returns. If the EUT is DC operated, this requirement is applicable over the frequency
range of 30 Hz to 150 kHz. If the EUT is AC operated, this requirement is applicable starting
from the second harmonic of the EUT power frequency and extending to 150 kHz.

5.7.2 CS101 limit.

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from
specified indications, beyond the tolerances indicated in the individual equipment or subsystem
specification, when subjected to atest signal with voltage levels as specified in Figure CS101-1.
The requirement is also met when the power source is adjusted to dissipate the power level
shown in Figure CS101-2 in a 0.5 ohm load and the EUT is not susceptible.

5.7.3 CS101 test procedure.

5.7.3.1 Purpose.
Thistest procedure is used to verify the ability of the EUT to withstand signals coupled onto
input power leads.

5.7.3.2 Test equipment.
The test equipment shall be as follows:

a.  Signa generator
Power amplifier
Oscilloscope
Coupling transformer
Capacitor, 10 uF

-~ 0o o 0 o

|solation transformer
Resistor, 0.5 ohm
LISNs

5.7.3.3 Setup.
The test setup shall be asfollows:

a Maintain abasic test setup for the EUT as shown and described in Figures 2 through 5
and 4.3.8.

b. Cdlibration. Configure the test equipment in accordance with Figure CS101-3. Set up
the oscilloscope to monitor the voltage across the 0.5 ohm resistor.

c. EUT testing.

(1) For DC or single phase AC power, configure the test equipment as shown in Figure
CS101-4.

> @
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(2) For three phase ungrounded power, configure the test setup as shown in Figure
CS101-5.

() For three phase wye power (four power leads), configure the test setup as shown in
Figure CS101-6.

5.7.3.4 Procedures.
The test procedures shall be as follows:

a. Turn on the measurement equipment and allow sufficient time for stabilization.
b. Cadlibration.
(1) Setthesigna generator to the lowest test frequency.

(2) Increase the applied signal until the oscilloscope indicates the voltage level
corresponding to the maximum required power level specified for the limit. Verify
the output waveform is sinusoidal.

(3) Record the setting of the signal source.

(4) Scan therequired frequency range for testing and record the signal source setting
needed to maintain the required power level.

c. EUT Tedting.

(1) Turnonthe EUT and alow sufficient time for stabilization. CAUTION: Exercise
care when performing this test since the "safety ground” of the oscilloscope is
disconnected due to the isolation transformer and a shock hazard may be present.

(2) Setthesigna generator to the lowest test frequency. Increase the signal level until
the required voltage or power level isreached on the power lead. (Note: Power is
limited to the level calibrated in 5.7.3.4b(2).)

(3) While maintaining at least the required signal level, scan through the required
frequency range at arate no greater than specified in Table lll.

(4) Susceptibility evaluation.
(@ Monitor the EUT for degradation of performance.

(b) If susceptibility is noted, determine the threshold level in accordance with
4.3.10.4.3 and verify that it is above the limit.

(5 Repeat 5.7.3.4¢c(2) through 5.7.3.4¢(4) for each power lead, as required. For three
phase ungrounded power, the measurements shall be made according to the
following table:

CS101
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Coupling Transformer V oltage M easurement
inLine From
A AtoB
B BtoC
C CtoA

For three phase wye power (four leads) the measurements shall be made according to
the following table:

Coupling Transformer V oltage M easurement
inLine From
A A to neutral
B B to neutral
C C to neutral

5.7.3.5. Data presentation.
Data presentation shall be as follows:
a.  Provide graphical or tabular data showing the frequencies and amplitudes at which the
test was conducted for each lead.
b. Provide data on any susceptibility thresholds and the associated frequencies that were
determined for each power lead.
c. Provideindications of compliance with the applicable requirements for the
susceptibility evaluation specified in 5.7.3.4c for each lead.
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50 20 August 1999



Limit Level (dBuV)

Downloaded from http://www.everyspec.com

MIL-STD-461E
150
140 L
F CURVE #1
136~ -~ - \
L N
130 N
r CURVE #2
126~~~ - {
L N
120 N \\
i \
: N
L N
110 | N
i \\ -t-r=-411H|1065
L \ 1
- NOMINAL EUT APPLICABLE N
100 | SOURCE VOLTAGE CURVE :
L -+ -441t]1] 96.5
i ABOVE 28 VOLTS #1 !
90 - 28 VOLTS OR BELOW #2 i
i I
80 L[ !
150k
10 100 1k 10k 100k 1M
Frequency (Hz)
FIGURE CS101-1. CS101 voltage limit for all applications.
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5.8 CS103, conducted susceptibility, antenna port, intermodulation, 15 kHz to 10 GHz.

5.8.1 CS103 applicability.

This receiver front-end susceptibility requirement is applicable to equipment and subsystems,
such as communications receivers, RF amplifiers, transceivers, radar receivers, acoustic
receivers, and electronic warfare receivers as specified in the individual procurement
specification.

5.8.2 CS103 limit.

The EUT shall not exhibit any intermodulation products beyond specified tolerances when
subjected to the limit requirement provided in the individual procurement specification.

5.8.3. CS103 test procedures.

5.8.3.1 Purpose.
Thistest procedure is used to determine the presence of intermodulation products that may be
caused by undesired signals at the EUT antenna input terminals.

5.8.3.2 Test requirements.

The required test equipment, setup, procedures, and data presentation shall be determined on a
case-by-case basis in accordance with the guidance provided in 50.8 of the appendix of this
standard.
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5.9 CS104, conducted susceptibility, antenna port, reection of undesired signals, 30 Hz to
20 GHz.

5.9.1 CS104 applicability.

This receiver front-end susceptibility requirement is applicable to equipment and subsystems,
such as communications receivers, RF amplifiers, transceivers, radar receivers, acoustic
receivers, and electronic warfare receivers as specified in the individual procurement
specification.

5.9.2 CS104 limit.

The EUT shall not exhibit any undesired response beyond specified tolerances when subjected to
the limit requirement provided in the individual procurement specification.

5.9.3 CS104 test procedures.

5.9.3.1 Purpose.
Thistest procedure is used to determine the presence of spurious responses that may be caused
by undesired signals at the EUT antennainput terminals.

5.9.3.2 Test requirements.

The required test equipment, setup, procedures, and data presentation shall be determined on a
case-by-case basis in accordance with the guidance provided in 50.9 of the appendix of this
standard.

CS104
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5.10 CS105, conducted susceptibility, antenna port, cross modulation, 30 Hz to 20 GHz.

5.10.1 CS105 applicability.

This receiver front-end susceptibility requirement is applicable only to receivers that normally
process amplitude-modulated RF signals, as specified in the individual procurement
specification.

5.10.2 CS105 limit.

The EUT shall not exhibit any undesired response, due to cross modulation, beyond specified
tolerances when subjected to the limit requirement provided in the individual procurement
specification.

5.10.3 CS105 test procedures.

5.10.3.1 Purpose.
Thistest procedure is used to determine the presence of cross-modulation products that may be
caused by undesired signals at the EUT antennaterminals.

5.10.3.2 Test requirements.
The required test equipment, setup, procedures, and data presentation shall be determined in
accordance with the guidance provided in 50.10 of the appendix of this standard.
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5.11 CS109, conducted susceptibility, structure current, 60 Hz to 100 kHz.

5.11.1 CS109 applicability.

This requirement is applicable to equipment and subsystems that have an operating frequency
range of 100 kHz or less and an operating sensitivity of 1 pV or less (such as 0.5 uVv). Handheld
equipment is exempt from this requirement.

5.11.2 CS109 limit.

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from
specified indications, beyond the tolerances indicated in the individual equipment or subsystem
specification, when subjected to the values shown on Figure CS109-1.

5.11.3 CS109 test procedures.

5.11.3.1 Purpose.
Thistest procedure is used to verify the ability of the EUT to withstand structure currents.

5.11.3.2 Test equipment.
The test equipment shall be as follows:

a. Signa generator

b. Amplifier (if required)
C. Isolation transformers
d. Current probe

e. Measurement receiver
f. Resistor, 0.5 ohm

g. Coupling transformer

5.11.3.3 Setup.
The test setup shall be asfollows:

a. It isnot necessary to maintain the basic test setup for the EUT as shown and described in
figures 2 through 5 and 4.3.8.

b. Calibration. No special calibration is required.
c. EUT testing.

(1) Asshownin Figure CS109-2, configure the EUT and the test equipment (including
the test signal source, the test current measurement equipment, and the equipment
required for operating the EUT or measuring performance degradation) to establish
asingle-point ground for the test setup using the EUT ground terminal.

(@) Usingisolation transformers, isolate all AC power sources. For DC power,
isolation transformers are not applicable.

(b) Disconnect the safety ground leads of all input power cables.

(c) Placethe EUT and the test equipment on non-conductive surfaces to enable a
single point ground to be established.
CS109
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(2) Thetest pointsfor the injected currents shall be asfollows:

(@) Equipment that will not be rack mounted: At diagonal extremes across only the
mounting surface.

(b) Rack mounted equipment: At diagonal extremes across all surfaces of the
equipment.

(c) Deck resting equipment: At diagonal extremes across all surfaces of the
equipment.

(d) Bulkhead mounted equipment: At diagonal extremes across rear surface of the
equipment.

(e) Cables (all mounting methods): Between cable armor, which is terminated at
the EUT, and the single point ground established for the test setup. This

requirement shall also apply to cable shields and conduit, unless they have a
single point ground.

(3) Connect the signal generator and resistor to a selected set of test points.
Attachment to the test points shall be by conductors that are perpendicular to the
test surface for alength of at least 50 cm.

5.11.3.4 Procedures.
The test procedures shall be as follows:

a. Turnonthe EUT and measurement equipment and allow sufficient time for stabilization.

b. Set the signal generator to the lowest required frequency. Adjust the signal generator to
the required level asaminimum. Monitor the current with the current probe and
measurement receiver.

c. Scanthe signal generator over the required frequency range in accordance with Table I11
while maintaining the current level at least to the level specified in the applicable limit.
Monitor the EUT for susceptibility.

d. If susceptibility is noted, determine the threshold level in accordance with 4.3.10.4.3 and
verify that it is above the applicable limit.

e. Repeat 5.11.3.4b through 5.11.3.4d for each diagonal set of test points on each surface of
the EUT to be tested.

5.11.3.5 Data Presentation.
Data presentation shall be as follows:

a. Provide atable showing the mode of operation, susceptible frequency, current threshold
level, current limit level, and susceptible test points.

b. Provide adiagram of the EUT showing the location of each set of test points.
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5.12 CS114, conducted susceptibility, bulk cableinjection, 10 kHz to 200 MHz.

5.12.1 CS114 applicability.
This requirement is applicable to all interconnecting cables, including power cables.

5.12.2 CS114 limit.

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from
specified indications beyond the tolerances indicated in the individual equipment or subsystem
specification, when subjected to ainjection probe drive level which has been pre-calibrated to the
appropriate current limit shown in Figure CS114-1 and is modul ated as specified below. The
appropriate limit curve in Figure CS114-1 shall be selected from Table V1. Requirements are
also met if the EUT is not susceptible at forward power levels sensed by the coupler that are
below those determined during calibration provided that the actual current induced in the cable
under test is 6 dB or greater than the calibration limit.

5.12.3 CS114 test procedures.

5.12.3.1 Purpose.
Thistest procedure is used to verify the ability of the EUT to withstand RF signals coupled onto
EUT associated cabling.

5.12.3.2 Test equipment.
The test equipment shall be as follows:

a.  Measurement receivers

b. Current injection probes (maximum insertion loss shown in Figure CS114-2, minimum
insertion loss is recommended, not required)

Current probes

Cdlibration fixture: coaxial transmission line with 50 ohm characteristic impedance,
coaxial connections on both ends, and space for an injection probe around the center

conductor.
e. Directional couplers
f. Signa generators
g. Plotter
h. Attenuators, 50 ohm

i. Coaxia loads, 50 ohm
j. Power amplifiers
k. LISNs

5.12.3.3 Setup.
The test setup shall be asfollows:

a. Maintain abasic test setup for the EUT as shown and described in Figures 2 through 5
and 4.3.8.
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b. Cdlibration. Configure the test equipment in accordance with Figure CS114-3 for
calibrating injection probes.

(1) Placetheinjection probe around the center conductor of the calibration fixture.

(2) Terminate one end of the calibration fixture with a 50 ohm load and terminate the
other end with an attenuator connected to measurement receiver A.

c. EUT Testing. Configure the test equipment as shown in Figure CS114-4 for testing of
the EUT.

(1) Placetheinjection and monitor probes around a cable bundle interfacing with an
EUT connector.
(2) Locate the monitor probe 5 cm from the connector. If the overal length of the

connector and backshell exceeds 5 cm, position the monitor probe as close to the
connector's backshell as possible.

() Position the injection probe 5 cm from the monitor probe.

5.12.3.4 Procedures.
The test procedures shall be as follows:

a. Turn on the measurement equipment and allow sufficient time for stabilization.
b. Cdlibration. Perform the following procedures using the calibration setup.
(1) Setthesignal generator to 10 kHz, unmodulated.

(2) Increase the applied signal until measurement receiver A indicates the current level
specified in the applicable limit is flowing in the center conductor of the calibration
fixture.

(3) Record the "forward power" to the injection probe indicated on measurement
receiver B.

(4) Scan the frequency band from 10 kHz to 200 MHz and record the forward power
needed to maintain the required current amplitude.

c. EUT Testing. Perform the following procedures on each cable bundle interfacing with
each electrical connector on the EUT including complete power cables (high sides and
returns). Also perform the procedures on power cables with the power returns and
chassis grounds (green wires) excluded from the cable bundle. For connectors which
include both interconnecting leads and power, perform the procedures on the entire
bundle, on the power leads (including returns and grounds) grouped separately, and on
the power leads grouped with the returns and grounds removed.

(1) Turnonthe EUT and allow sufficient time for stabilization.
(2) Susceptibility evaluation.

(@) Set the signal generator to 10 kHz with 1 kHz pulse modulation, 50% duty
cycle.
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(b) Apply the forward power level determined under 5.12.3.4b(4) to the injection
probe while monitoring the induced current.

(c) Scan the required frequency range in accordance with 4.3.10.4.1 and Table 1l
while maintaining the forward power level at the calibration level determined
under 5.12.3.4b(4), or the maximum current level for the applicable limit,
whichever isless stringent.

(d) Monitor the EUT for degradation of performance during testing.

(e) Whenever susceptibility is noted, determine the threshold level in accordance
with 4.3.10.4.3 and verify that it is above the applicable requirement.

(f) For EUTswith redundant cabling for safety critical reasons such as multiple
data buses, use simultaneous multi-cable injection techniques.

5.12.3.5 Data presentation.
Data presentation shall be as follows:

a. Provide amplitude versus frequency plots for the forward power levels required to obtain
the calibration level as determined in 5.12.3.4b.

b. Provide tables showing scanned frequency ranges and statements of compliance with the
requirements for the susceptibility evaluation of 5.12.3.4¢(2) for each interface connector.

Provide any susceptibility thresholds that were determined, along with their associated
frequencies.

CS114
66 20 August 1999



Downloaded from http://www.everyspec.com

MIL-STD-461E

(SX03a MO129)OITTVLIN) SdIHS
asn ‘aimonJisiedns ay) uIylIM Ing aulewgns e Jo ||y ainssaud ay) 01 feuseixe paredo| uawdinbs Jo4

90104 1Y =4V
>>GZ = N
Ay = v A3

€ 4 - - - - € ] 4V | ZHIN 00Z
€ 4 4 4 4 S S ] N H
e b z 2z 2 S S ] Y | ZHINOE
e z - - - - € S v | ZHNOE
€ 4 T 1% 4 S S ] N H
€ 14 T 14 4 S S ] \Y ZHN ¢
e Z - - - - ) ] v ZHINC
e z 1 4 4 4 € S N H
€ € T 4 4 4 S S v ZHA 0T
«(IVYNY3LX3) JONVY
s . mm_//_*_uwm_ _>+m__/_ %m Amv_mw_.n_u._ /Bw._\_,w_e Amw_%_m.__m /Bw“‘m“mv mmz_Muszm H/w_m_wm__/c moﬁ.._\_m___mmw ) (O=IE!
-NON) SdIHS SdIHS (SMo3a3noav) L4VEOH 1Y
SdIHS 1TV WHOH1Vd

T-VT1SO FdNO 4 NWOHd #3IAIND LINIT

'SOAIND HWI FTTSO "IN 319Vl

CS114

20 August 1999

67



MIL-STD-461E

Downloaded from http://www.everyspec.com

(zH) Aouanbai4

o7 NOOT INOT INT 00T 10T

B —

&s L€

B (0]

s IA 3T19VL NOYdd daNING313a 3d / %

| TIVHS IALND LINIT 31LVIddOdddY FHL \

E= \\ . 6¥ 09

2 rdy4ve

- \\ \\ / 1S

i eV eE

= \ \ \\\ \ = —
FoYe ) == I I // \\\ / \\ \Mmo 0/ 3

= ~ / / — =
[P 5 = Y B P N \\ \ \ \\ — -
L= S e Va4 / /T = 2

== ~ | T# 3IAYN <AV, / / = &
] g g e e 3 7 / - 082
muw g IO | YI L III/ | [ / \\ \ \\ — m

- L # INND S/ / =

e N T R e R U L] / / / = S
68 ~ ' e . . 06 =

e /Il €# 3INdND \\\ \ = =

S s I ( =
L6 Oar= - - T TSI T T =~ I RN q \ _

&= v# 3ININD / — 001

T0OTH+FFF9-- "4 —]

el T~ \\\ =

T N~ / —

H N~ y =

60T 44—+ -+ ———H 44— =~ — 0TI
aE S# ANIND =
FE = 0Z1

CS114

20 August 1999

68

FIGURE CS114-1. CS114 calibration limit for all applications.



I
o

Downloaded from http://www.everyspec.com

MIL-STD-461E

w
o

N
Ul

=
(&)

~_ Maximum Insertion Loss

Insertion Loss (dB)
N
o

=
o

4—1=

ol

o

llll'lllllllllllllllll llll],'lll/ll
-
-
-
-
.
-
P

Recommended Minimum
InsertonLoss Il | | I IHIT"""1-- I

o
o
|

|

0.1 1 10 100 1000
Frequency (MHz)

FIGURE CS114-2. Maximum insertion lossfor injection probes.

CS114
69 20 August 1999



Downloaded from http://www.everyspec.com

MIL-STD-461E

Coaxial Load

/

Injection
Probe

Signal
Generator

Amplifier

Attenuator

Measureme
Receiver
A

nt

\

Calibration
Fixture

Directional
Coupler

Measurement
Receiver
B

FIGURE CS114-3. Calibration setup.

70

CsS114
20 August 1999



Downloaded from http://www.everyspec.com

MIL-STD-461E
Power
Input
LISN
Injection |..........
__|__Probe 5
5cm_I___
Monitor -
___|_Probe P
5cm1 5
EUT |} |
5 cm_I___ 1 | Measurement
Monitor | ¢ | Receiver
| _Probe : A
5cm_I___
Injection é o
Probe D(l:rgﬁgloenral Amplifier
Interconnecting
Cables
| wesuement || _signa
Actual or Simulated B Generator

Loads and Signals

FIGURE CS114-4. Bulk cableinjection evaluation.

CsS114
71 20 August 1999



Downloaded from http://www.everyspec.com

MIL-STD-461E

5.13 CS115, Conducted susceptibility, bulk cable injection, impulse excitation.

5.13.1 CS115 applicability.

Thisrequirement is applicable to all aircraft, space, and ground system interconnecting cables,
including power cables. The requirement is also applicable for surface ship and submarine
subsystems and equipment when specified by the procuring activity.

5.13.2 CS115 limit.

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from
specified indications, beyond the tolerances indicated in the individual equipment or subsystems
specification, when subjected to a pre-calibrated signal having rise and fall times, pulse width,
and amplitude as specified in Figure CS115-1 at a 30 Hz rate for one minute.

5.13.3 CS115test procedures.

5.13.3.1 Purpose.
Thistest procedure is used to verify the ability of the EUT to withstand impul se signal's coupled
onto EUT associated cabling.

5.13.3.2 Test equipment.
The test equipment shall be as follows:

a.  Pulse generator, 50 ohm, charged line (coaxial)
Current injection probe
Drive cable, 50 ohm, 2 meters, 0.5 dB or lessinsertion loss at 500 MHz

Current probe

® a o o

Calibration fixture: coaxial transmission line with 50 ohm characteristic impedance,
coaxial connections on both ends, and space for an injection probe around the center
conductor.

f.  Oscilloscope, 50 ohm input impedance
g. Attenuators, 50 ohm

h. Coaxial loads, 50 ohm

i. LISNs

5.13.3.3 Setup.
The test setup shall be asfollows:

a. Maintain abasic test setup for the EUT as shown and described in Figures 2 through 5
and 4.3.8.

b. Cdlibration. Configure the test equipment in accordance with Figure CS115-2 for
calibrating the injection probe.

(1) Placetheinjection probe around the center conductor of the calibration fixture.
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(2) Terminate one end of the calibration fixture with a coaxia load and terminate the
other end with an attenuator connected to an oscilloscope with 50 ohm input
impedance.

c. EUT Testing. Configure the test equipment as shown in Figure CS115-3 for testing of
the EUT.

(1) Placetheinjection and monitor probes around a cable bundle interfacing with an
EUT connector.

(2) Locate the monitor probe 5 cm from the connector. If the overall length of the
connector and backshell exceeds 5 cm, position the monitor probe as close to the
connector's backshell as possible.

(3) Position the injection probe 5 cm from the monitor probe.

5.13.3.4 Procedures.
The test procedures shall be as follows:

a. Turn on the measurement equipment and allow sufficient time for stabilization.
b. Cdibration. Perform the following procedures using the calibration setup.

(1) Adjust the pulse generator source for the risetime, pulse width, and pulse repetition
rate requirements specified in the requirement.

(2) Increase the signal applied to the calibration fixture until the oscilloscope indicates
that the current level specified in the requirement is flowing in the center conductor
of the calibration fixture.

(3) Verify that therisetime, fall time, and pulse width portions of the waveform have
the correct durations and that the correct repetition rate is present. The precise
pulse shape will not be reproduced due to the inductive coupling mechanism.

(4) Record the pulse generator amplitude setting.

c. EUT Tedting.
(1) Turnonthe EUT and alow sufficient time for stabilization.
(2) Susceptibility evaluation.

(@ Adjust the pulse generator, as a minimum, for the amplitude setting determined
in 5.13.3.4b(4).

(b) Apply thetest signal at the pulse repetition rate and for the duration specified
in the requirement.

(c) Monitor the EUT for degradation of performance during testing.

(d) Whenever susceptibility is noted, determine the threshold level in accordance
with 4.3.10.4.3 and verify that it is above the limit.

(e) Record the peak current induced in the cable asindicated on the oscill oscope.

CS115
73 20 August 1999



Downloaded from http://www.everyspec.com

MIL-STD-461E

(f) Repeat 5.13.3.4¢(2)(a) through 5.13.3.4¢(2)(e) on each cable bundle interfacing
with each electrical connector on the EUT. For power cables, perform
5.13.3.4¢(2)(a) through 5.13.3.4¢(2)(e) on complete power cables (high sides
and returns) and on the power cables with the power returns and chassis
grounds (green wires) excluded from the cable bundle. For connectors which
include both interconnecting leads and power, perform 5.13.3.4¢(2)(a) through
5.13.3.4¢(2)(e) on the entire bundle, on the power leads (including returns and

grounds) grouped separately, and on the power leads grouped with the returns
and grounds removed.

5.13.3.5. Data presentation.
Data presentation shall be as follows:

a

Provide tables showing statements of compliance with the requirement for the

susceptibility evaluation of 5.1.3.3.4¢(2) and the induced current level for each interface
connector.

Provide any susceptibility thresholds that were determined.

Provide oscilloscope photographs of injected waveforms with test data.
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FIGURE CS115-1. CS115 signal characteristicsfor all applications.
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5.14 CS116, conducted susceptibility, damped sinusoidal transients, cables and power
leads, 10 kHz to 100 MHz.

5.14.1 CS116 applicability.
This requirement is applicable to all interconnecting cables, including power cables, and
individual high side power leads. Power returns and neutrals need not be tested individually.

5.14.2 CS116 limit.

The EUT shall not exhibit any malfunction, degradation of performance, or deviation from
specified indications, beyond the tolerances indicated in the individual equipment or subsystem
specification, when subjected to a signal having the waveform shown in Figure CS116-1 and
having a maximum current as specified in Figure CS116-2. The limit is applicable across the
entire specified frequency range. Asaminimum, compliance shall be demonstrated at the
following frequencies: 0.01, 0.1, 1, 10, 30, and 100 MHz. If there are other frequencies known to
be critical to the equipment installation, such as platform resonances, compliance shall also be
demonstrated at those frequencies. Thetest signal repetition rate shall be no greater than one
pulse per second and no less than one pulse every two seconds. The pulses shall be applied for a
period of five minutes.

5.14.3 CS116 test procedures.

5.14.3.1 Purpose.
Thistest procedure is used to verify the ability of the EUT to withstand damped sinusoidal
transients coupled onto EUT associated cables and power |eads.

5.14.3.2 Test equipment.
The test equipment shall be as follows:

a. Damped sinusoid transient generator, < 100 ohm output impedance
b. Current injection probe

c. Oscilloscope, 50 ohm input impedance

d

Cdlibration fixture: Coaxial transmission line with 50 ohm characteristic impedance,
coaxial connections on both ends, and space for an injection probe around the center

conductor
e. Current probes
f.  Waveform recording device
g. Attenuators, 50 ohm
h. Measurement receivers

Power amplifiers

j. Coaxial loads, 50 ohm
k. Signal generators

|.  Directiona couplers
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m. LISNs

5.14.3.3. Setup.
The test setup shall be asfollows:

a. Maintain abasic test setup for the EUT as shown and described in Figures 2 through 5
and 4.3.8.

b. Cdlibration. Configure the test equipment in accordance with Figure CS116-3 for
verification of the waveform.

c. EUT Tedting:
(1) Configure the test equipment as shown in Figure CS116-4.

(2) Placethe injection and monitor probes around a cable bundle interfacing an EUT
connector.

(3) Locate the monitor probe 5 cm from the connector. If the overall length of the
connector and backshell exceeds 5 cm, position the monitor probe as close to the
connector's backshell as possible.

(4) Position the injection probe 5 cm from the monitor probe.

5.14.3.4 Procedures.
The test procedures shall be as follows:

a. Turn on the measurement equipment and allow sufficient time for stabilization.

b. Cdlibration. Perform the following procedures using the calibration setup for waveform
verification.

(1) Set the frequency of the damped sine generator at 10 kHz.

(2) Adjust the amplitude of the signal from the damped sine generator to the level
specified in the requirement.

(3) Record the damped sine generator settings.
(4) Verify that the waveform complies with the requirements.

(5 Repeat 5.14.3.4b(2) through 5.14.3.4b(4) for each frequency specified in the
requirement and those identified in 5.14.3.4¢(2).

c. EUT testing. Perform the following procedures, using the EUT test setup on each cable
bundle interfacing with each connector on the EUT including complete power cables.
Also perform tests on each individual high side power lead (individua power returns
and neutrals are not required to be tested).

(1) Turnonthe EUT and measurement equipment to alow sufficient time for
stabilization.

(2) Set the damped sine generator to atest frequency.

(3) Apply the test signals to each cable or power lead of the EUT sequentially. Slowly
increase the damped sinewave generator output level to provide the specified
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current, but not exceeding the precalibrated generator output level. Record the
peak current obtained.
(4) Monitor the EUT for degradation of performance.

(5) If susceptibility is noted, determine the threshold level in accordance with
4.3.10.4.3 and verify that it is above the specified requirements.

(6) Repeat 5.14.3.4¢(2) through 5.14.3.4¢(5) for each test frequency as specified in the
requirement. Repeat testing in 5.14.3.4c¢ for the power-off condition.

5.14.3.5. Data presentation.
Data presentation shall be as follows:

a.  Providealist of the frequencies and amplitudes at which the test was conducted for each
cable and lead.

b. Provide data on any susceptibility thresholds and the associated frequencies that were
determined for each connector and power lead.

c. Provideindications of compliance with the requirements for the susceptibility
evaluation specified in 5.14.3.4c for each interface connector.

d. Provide oscilloscope photographs of injected waveforms with test data.
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NOTES: 1. Normalized waveform: e "V sin(2nft)

Where:

f = Frequency (Hz)

t = Time (sec)

Q = Damping factor, 1535

2. Damping factor (Q) shall be determined as follows:

TN -1)
Q=in(1 )
Where:

Q = Damping factor
N = Cycle number (i,e. N=2, 3,4, 5,...)
| . = Peak current at 1% cycle
| , = Peak current at cycle closest to 50% decay
In = Natural log
3. | » as specified in Figure CS116-2

FIGURE CS116-1. Typical CS116 damped sinusoidal waveform.
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FIGURE CS116-2. CS116 limit for all applications.
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FIGURE CS116-3. Typical test setup for calibration of test waveform.
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5.15 RE101, Radiated emissions, magnetic field, 30 Hz to 100 kHz.

5.15.1 RE101 applicability.

This requirement is applicable for radiated emissions from equipment and subsystem enclosures,
including electrical cable interfaces. The requirement does not apply to radiation from antennas.
For Navy aircraft, this requirement is applicable only for aircraft with an ASW capability.

5.15.2 RE101 limit.
Magnetic field emissions shall not be radiated in excess of the levels shown in Figures RE101-1
and RE101-2 at adistance of 7 centimeters.

5.15.3 RE101 test procedures.

5.15.3.1 Purpose.
Thistest procedure is used to verify that the magnetic field emissions from the EUT and its
associated electrical interfaces do not exceed specified requirements.

5.15.3.2 Test Equipment.
The test equipment shall be as follows:

a.  Measurement receivers
b. Datarecording device
c. Loop sensor having the following specifications:

(1) Diameter: 13.3cm

(2) Number of turns: 36

(3) Wire: 7-41 Litz wire (7 strand, No. 41 AWG)

(4) Shielding: Electrostatic

(5) Correction factor: See manufacturer’ s data for factors to convert measurement

receiver readings to decibels above one picotesla (dBpT).
d. LISNs
e. Ohmmeter
f. Signa generator

5.15.3.3 Setup.
The test setup shall be asfollows:

a. Maintain abasic test setup for the EUT as shown and described in Figures 2 through 5
and 4.3.8.

b. Cdibration. Configure the measurement setup as shown in Figure RE101-3.

c. EUT Tedting. Configure the measurement receiving loop and EUT as shown in Figure
RE101-4.

5.15.3.4. Procedures.
The test procedures shall be as follows:
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a. Turn on the measurement equipment and allow sufficient time for stabilization.
b. Cadlibration.

(1)

)

©)

Apply acdibrated signal level, whichis at least 6 dB below the limit (limit minus

the loop sensor correction factor), at afrequency of 50 kHz. Tune the measurement
receiver to a center frequency of 50 kHz. Record the measured level.

Verify that the measurement receiver indicates alevel within £3 dB of the injected

signd level.

If readings are obtained which deviate by more than +3 dB, locate the source of the

error and correct the deficiency prior to proceeding with the testing.

(4) Using an ohmmeter, verify that the resistance of the loop sensor winding is

approximately 10 ohms.,

c. EUT Tedting.

(1)
)

©)

(4)

®)

(6)

()

(8)

Turn on the EUT and allow sufficient time for stabilization.

Locate the loop sensor 7 cm from the EUT face or electrical interface connector
being probed. Orient the plane of the loop sensor parallel to the EUT faces and
parallel to the axis of connectors.

Scan the measurement receiver over the applicable frequency range to locate the
frequencies of maximum radiation, using the bandwidths and minimum
measurement times of Tablell.

Tune the measurement receiver to one of the frequencies or band of frequencies
identified in 5.15.3.4¢(3) above.

Monitor the output of the measurement receiver while moving the loop sensor
(maintaining the 7 cm spacing) over the face of the EUT or around the connector.
Note the point of maximum radiation for each frequency identified in 5.15.3.4c(4).

At 7 cm from the point of maximum radiation, orient the plane of the loop sensor to
give a maximum reading on the measurement receiver and record the reading.

Repeat 5.15.3.4¢(4) through 5.15.3.4¢(6) for at least two frequencies of maximum
radiation per octave of frequencies below 200 Hz and for at least three frequencies
of maximum radiation per octave above 200 Hz.

Repeat 5.15.3.4¢(2) through 5.15.3.4¢(7) for each face of the EUT and for each
EUT electrical connector.

5.15.3.5 Data Presentation.
Data presentation shall be as follows:

a.  Provide graphs of scans and tabular listings of each measurement frequency, mode of
operation, measured magnetic field, and magnetic field limit level.
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5.16 RE102, radiated emissions, electric field, 10 kHz to 18 GHz.

5.16.1 RE102 applicability.

This requirement is applicable for radiated emissions from equipment and subsystem enclosures,
all interconnecting cables, and antennas designed to be permanently mounted to EUTSs (receivers
and transmitters in standby mode). The requirement does not apply at the transmitter
fundamental frequencies. The requirement is applicable asfollows:

a Ground 2MHzto 18 GHz*
b. Ships, surface 10 kHz to 18 GHz*
C. Submarines 10 kHz to 18 GHz*
d. Aircraft (Army) 10 kHz to 18 GHz

e. Aircraft (Air Force and Navy) 2 MHz to 18 GHz*
f. Space 10 kHz to 18 GHz*

*Testing isrequired up to 1 GHz or 10 times the highest intentionally generated frequency
within the EUT, whichever is greater. Measurements beyond 18 GHz are not required.

5.16.2 RE102 limits.
Electric field emissions shall not be radiated in excess of those shown in Figures RE102-1
through RE102-4. Above 30 MHz, the limits shall be met for both horizontally and vertically

polarized fields.
5.16.3 RE102 test procedures.

5.16.3.1 Purpose.
Thistest procedure is used to verify that electric field emissions from the EUT and its associated

cabling do not exceed specified requirements.

5.16.3.2 Test Equipment.
The test equipment shall be as follows:

a.  Measurement receivers
b. Datarecording device
c. Antennas
(1) 10kHzto 30 MHz, 104 cm rod with impedance matching network

(@ When the impedance matching network includes a preamplifier (active rod),
observe the overload precautionsin 4.3.7.3.

(b) Use asguare counterpoise measuring at least 60 cm on aside.
(2) 30 MHz to 200 MHz, Biconical, 137 cm tip to tip
(3) 200 MHz to 1 GHz, Double ridge horn, 69.0 by 94.5 cm opening
(4) 1GHzto 18 GHz, Double ridge horn, 24.2 by 13.6 cm opening

d. Signal generators
RE102
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e. Stubradiator
f. Capacitor, 10 pF
g. LISNs
5.16.3.3 Setup.

The test setup shall be asfollows:

a. Maintain abasic test setup for the EUT as shown and described in Figures 1 through 5
and 4.3.8. Ensurethat the EUT is oriented such that the surface that produces the
maximum radiated emissions is toward the front edge of the test setup boundary.

b. Cdlibration. Configure the test equipment as shown in Figure RE102-5.
c. EUT testing.

(1) For shielded room measurements, electrically bond the rod antenna counterpoise to
the ground plane using a solid metal sheet that is greater than or equal to the width
of the counterpoise. The maximum DC resistance between the counterpoise and
the ground plane shall be 2.5 milliohms. For bench top setups using ametallic
ground plane, bond the counterpoise to this ground plane. Otherwise, bond the
counterpoise to the floor ground plane. For measurements outside a shielded
enclosure, electrically bond the counterpoise to earth ground.

(2) AntennaPositioning.

(@) Determine the test setup boundary of the EUT and associated cabling for usein
positioning of antennas.

(b) Usethe physical reference points on the antennas shown in Figure RE102-6 for
measuring heights of the antennas and distances of the antennas from the test
setup boundary.

1. Position antennas 1 meter from the front edge of the test setup boundary
for all setups.

2. Position antennas other than the 104 cm rod antenna 120 cm above the
floor ground plane.

3. Ensurethat no part of any antennais closer than 1 meter from the walls
and 0.5 meter from the ceiling of the shielded enclosure.

4. For test setups using bench tops, additional positioning requirements for
the rod antenna and distance above the bench ground plane are shown in
Figure RE102-6.

5. For free standing setups, electrically bond and mount the 104 cm rod

antenna matching network to the floor ground plane without a separate
counterpoise.

(c) The number of required antenna positions depends on the size of the test setup
boundary and the number of enclosuresincluded in the setup.
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=

For testing below 200 MHz, use the following criteria to determine the
individual antenna positions.

a  For setups with the side edges of the boundary 3 meters or less, one
position is required and the antenna shall be centered with respect to
the side edges of the boundary.

o

For setups with the side edges of the boundary greater than 3 meters,
use multiple antenna positions at spacings as shown in Figure RE102-
7. Determine the number of antenna positions (N) by dividing the
edge-to-edge boundary distance (in meters) by 3 and rounding up to
an integer.

IN

For testing from 200 MHz up to 1 GHz, place the antennain a sufficient
number of positions such that the entire width of each EUT enclosure and
the first 35 cm of cables and leads interfacing with the EUT enclosure are
within the 3 dB beamwidth of the antenna.

&

For testing at 1 GHz and above, place the antennain a sufficient number
of positions such that the entire width of each EUT enclosure and the first
7 cm of cables and leads interfacing with the EUT enclosure are within the
3 dB beamwidth of the antenna.

5.16.3.4 Procedures.
The test procedures shall be as follows:

a.  Verify that the ambient requirements specified in 4.3.4 are met. Take plots of the

b.
C.

ambient when required by the referenced paragraph.
Turn on the measurement equipment and allow a sufficient time for stabilization.

Using the system check path of Figure RE102-5, perform the following evaluation of
the overall measurement system from each antenna to the data output device at the
highest measurement frequency of the antenna. For rod antennas that use passive
matching networks, the evaluation shall be performed at the center frequency of each
band. For active rod antennas, the evaluation shall be performed at the lowest
frequency of test, at a mid-band frequency, and at the highest frequency of test.

(1) Apply acalibrated signa level, whichis at least 6 dB below the limit (limit minus
antennafactor), to the coaxial cable at the antenna connection point.

(2) Scan the measurement receiver in the same manner as anormal datascan. Verify
that the data recording device indicates alevel within £3 dB of the injected signal
level.

(8) For the 104 cm rod antenna, remove the rod element and apply the signal to the
antenna matching network through a 10 pF capacitor connected to the rod mount.

(4) If readings are obtained which deviate by more than £3 dB, locate the source of the
error and correct the deficiency prior to proceeding with the testing.
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Using the measurement path of Figure RE102-5, perform the following evaluation for
each antenna to demonstrate that there is electrical continuity through the antenna.

(1) Radiate asignal using an antenna or stub radiator at the highest measurement
frequency of each antenna.

(2) Tunethe measurement receiver to the frequency of the applied signal and verify
that areceived signal of appropriate amplitudeis present. Note: Thisevaluationis
intended to provide a coarse indication that the antennais functioning properly.
Thereis no requirement to accurately measure the signal level.

Turn on the EUT and allow sufficient time for stabilization.

Using the measurement path of Figure RE102-5, determine the radiated emissions from
the EUT and its associated cabling.

(1) Scan the measurement receiver for each applicable frequency range, using the
bandwidths and minimum measurement timesin Tablell.

(2) Above 30 MHz, orient the antennas for both horizontally and vertically polarized
fields.

(8) Take measurements for each antenna position determined under 5.16.3.3c(2)(c)
above.

5.16.3.5 Data Presentation.
Data presentation shall be as follows:

a

Continuously and automatically plot amplitude versus frequency profiles. Manually
gathered datais not acceptable except for plot verification. Vertical and horizontal data
for a particular frequency range shall be presented on separate plots or shall be clearly
distinguishable in black or white format for acommon plot.

Display the applicable limit on each plot.

Provide a minimum frequency resolution of 1% or twice the measurement receiver
bandwidth, whichever isless stringent, and a minimum amplitude resolution of 1 dB for
each plot.

Provide plots for both the measurement and system check portions of the procedure.

Provide a statement verifying the electrical continuity of the measurement antennas as
determined in 5.16.3.4d.
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5.17 RE103, radiated emissions, antenna spurious and harmonic outputs, 10 kHz to 40
GHz

5.17.1 RE103 applicability.

This requirement may be used as an alternative for CE106 when testing transmitters with their
intended antennas. CE106 is the preferred requirement unless the equipment or subsystem
design characteristics preclude its use. The requirement is not applicable within the EUT
necessary bandwidth and within +5 percent of the fundamental frequency. Depending on the
operating frequency range of the EUT, the start frequency of the test is as follows:

Operating Frequency Range (EUT) Start Frequency of Test
10 kHz to 3 MHz 10 kHz
3 MHz to 300 MHz 100 kHz
300 MHz to 3 GHz 1 MHz
3 GHz to 40 GHz 10 MHz

The end frequency of the test is 40 GHz or twenty times the highest generated frequency within
the EUT, whichever isless. For equipment using waveguide, the requirement does not apply
below eight-tenths of the waveguide's cutoff frequency.

5.17.2 RE103 limits.

Harmonics, except the second and third, and all other spurious emissions shall be at |east 80 dB
down from the level at the fundamental. The second and third harmonics shall be suppressed
50 + 10 log p (where p = peak power output in watts, at the fundamental) or 80 dB, whichever
reguires less suppression.

5.17.3 RE103 test procedures.

5.17.3.1 Purpose.
Thistest procedure is used to verify that radiated spurious and harmonic emissions from
transmitters do not exceed the specified requirements.

5.17.3.2 Test Equipment.
The test equipment shall be as follows:

a. Measurement receiver
Attenuators, 50 ohm
Antennas

Rejection networks
Signal generators

N S =2

Power monitor

5.17.3.3