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RE101

—
- Radiated emissions.,-"
- Magnetic field |

REO1 30Hz..30kHz -461, -461A
RE101 30Hz..50kHz -461B, -461C

RE101 30Hz..100kHz -461D, -461E, -461F, -461G
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Le applicazioni

Applicazioni MIL-STD-461G RE101

Surface ships A
Submarines A
Aircraft, Army, Including Flight Line A
Aircraft, Navy L

Aircraft, Air Force
Space systems, Including Launch Vehicles
Ground, Army
Ground, Navy
Ground, Air Force
A: Applicable .

L: Limited as specified in the individual sections of the standard
S: Procuring activity must specify in procurement documentation
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RE101 applicébility

. MIL-STD-461G 5.17.1

— This requirement is applicable from 30Hz to
100kHz 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 ASW equipment which operates
between 30Hz and 10kHz such as: Acoustic
(Sonobouy) Receivers or Magnetic Anomaly
Detectors (MAD). *
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MIL—STD—46_1’E-EPS
—
. RE101 vs. '

— CISPR 15: Limits and methods of
measurement of radio disturbance
characteristics of electrical lighting and
similar equipment

— IEEE 1140: IEEE Standard Procedures
for the Measurement of Electric and
Magnetic Fields from-Video Display
Terminals (VDTs) from 5Hz to 400kHz
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MIL-STD-461E-EPS:2001
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Figure A.9: CISPR 15 vs. Army and Navy Limits
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MIL-STD-461E-EPS:2001

RE101 CISPR 15 IEEE 1140

Frequency range

Equipment type

Test set-up

Test method

Limits

30Hz..100kHz

Unrestricted

Table-top, floor-mounted,
bonded as in typical use

Surface or cable scan at
7cm

Different in submarine
and army

9kHz..30MHz

Non-incandescent
lighting devices,
f,2100Hz, I<3.6m

EUT grounded as in
typical use

3-axis loop large loop
antenna (@1..4m) with
current probes to
measure current in loops

RE101 is much more
severe

5Hz..400Hz

Video display terminals

As in typical use, ground
plane not required

Small loop at 0.5m
distance

No limits: refer to
regulatory requirements
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MIL-STD-461E-EPS:2001

- - -
+ 6.9.1.4 Conclusion |

— Qualifying an item to CISPR 15 may provide
some insight as to its RE101 characteristics, if
the source of the magnetlc field can be
identified.

* 6.9.2.4 Conclusion

— Magnetic field emission data obtained using
the measurement procedure of IEEE 1140 will
not replace RE101 test data. If, for the EUT the
source files magnetic field can be identified,
one can estimate the corresponding level that
would be measured using RE101.
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MIL-STD-461G

« 5.17.3.2: Test equipnﬁent
— Measurement receivers
— Data recording devic‘_‘e

— Loop sensor

« Diameter: @13.3cm
« Turns: 36

« Wire: DC resistance 5 100hm
» Shielding: electrostatic
« Correction factor

— LISNs
— Ohmmeter
— Signal generator
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Integrity c.h"eck

. 5.17.3.4.b |

— Applicare un segnale a 50Hz, almeno
6dB inferiore al limite e verificare che il
livello ricevuto dal ricevitore sia
nell’intorno di £3dB

— Con I'ohmmetro, verificare che la
resistenza del loop sia circa 100hm

M voLra



Integrity c_:h’.eck

Coaxial

Measurement Cable Signal
Receiver Generator
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EUT testing

—
¢+ 5.17.3.4.C '

— Azionare I'EUT e lasciarlo stabilizzare

— Porre il loop a 7cm:dal lato del provino o
dal connettore in prova e orientarlo
parallelo

— Scansire sul range d| frequenza con la
bandwidth e il tempo minimo di misura
da Table II e definire|le frequenze di
massimo irraggiamento
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EUT testihg

. 5.17.3.4.C |

— Soffermandosi sulle frequenze definite
prima, muovere il loop nei dintorni del
provino, mantenendosi sempre a 7cm

— Al punto di massimo irraggiamento,
inclinare I'asse del loop per trovare il
valore massimo limite

— Ripetere per almeno-due frequenze
sotto 200Hz e tre sopra 200Hz

— Ripetere per ogni lato dell’EUT
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EUT testing

Power
Input
LISN
7cm
Receiving
Loop
Measurement
Receiver I EUT
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RE102

- Radiated emissions.;"
 Electric field '

REO2 14kHz..10GHz -461, -461A, -461B, -461C
RE102 10kHz..18GHz -461D, -461E, -461F, -461G
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Le applicazioni

Applicazioni MIL-STD-461G RE102

Surface ships A

Submarines

Aircraft, Army, Including Flight Line
Aircraft, Navy

Aircraft, Air Force

Space systems, Including Launch Vehicles
Ground, Army

Ground, Navy

> > » > r > X >

Ground, Air Force

A: Applicable :
L: Limited as specified in the individual sections of the standard
S: Procuring activity must specify in procurement documentation
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RE102 applicébility
-
. MIL-STD-461G 5.18.1 -

— This requirement is applicable for radiated
emissions from equipment and subsystem
enclosures, and all interconnecting cables. For
equment with permanently mounted antennas
this requirement does not apply at the transmitter
fundamental frequency and the necessary occupied
bandwidth of the signal.: The requirement is
applicable as follows:

« a. Ground: 2MHz to 18GHz
* b. Ships, surface: 10kHz to 18GHz

c. Submarines: 10kHz to 18GHz

d. Aircraft (Army and Navy): 10kHz to 18GHz

e. Aircraft (Air Force): 2MHz to 18GHz

f. Space: 10kHz to 18GHz :
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RE102 applicability
- ——
« MIL-STD-461F 5.17.,-.'1
— *Testing is required 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.
 La limitazione viene tolta nella -461G
e i requirements richiedono tutti di
arrivare a 18GHz |
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MIL—STD—46_1’E-EPS
—

« RE102 vs.

— CISPR 11: Industrlal scientific and
medical equipment - Radio-frequency
disturbance characteristics - Limits and
methods of measurement

— CISPR 22: Information technology
equipment - Radio disturbance
characteristics - L|m|ts and methods of

measurement
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MIL-STD-461E-EPS:2001

Parameter RE 102 D;}P_ clﬁzD]]-) ’ CISPR 11 CISPR 22 ANSI Ca3.4 IEEE 187 Comments
Eguipment Type / . : - . | non-I.S M., except TV & FM
Platform unrestricted atrhorne equipment LS M. only IL.T.E. only TV & FM receivers Receivers
18 G
R e
(1SR | | 1
CISPR 22 Limited commercial
Frequency Range DO-160D  e——— application below
C63.4 1 MHz
IEEE 187 =—
Ll Ll ol Lol L1l Lol Lol Lo
1kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz 100 GHz
Methedology | | .
Site (Semi) Anechoic Chamber Open Area or Anechoic Room __Open Area
commercial? typically
Test Setu Tfable—ltoIl} or floor mounted; grounded as Table-top or floor mounted; grounded as in typical use Table top table top mounted
estoelp 1 typical use . Cables varied to maximize emission mounted - .
Cable treatment standardized muilitary 7 typically
| ground plane mounted
Distance 1m 3.10, 01 30m 3.10.0r 30 m 1 m_nuhtar}' ]
R TEUITEINNT SEVETE
. =30 MHz: loop
=30 MHz: 1 = ;
P onopoe 30-80MHz:  dipole of 80 MHz, or broadband 30-1 GHz
Antennas 30 — 200 MHz:biconical 80—300 MHz: resonant dipole, or broadband dipole Comparable
Z200MHz  homns =300 MHz. __ homs
gvm o compare with except for group 2. limits below | CISPR (FCC) CISPR (FCC)
Liwmits f:tqucuic:cs military aircraft class A no limits 1;3 ﬁ; ow liﬁ:its ool limits apply considerable variation
:zlfi?ll:s ° requirements below 1 MHz PPy PPLY
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MIL-STD-461E-EPS:2001
e 6.10.1.4 Conclusion 'A

— Although CISPR 11 presents a viable alternative
testing technique to RE102, due to its frequency
coverage and different limit shapes and levels, ISM
equipment qualified to CISPR 11 will be acceptable
for military use only for environments in which the
RE 102 requirements can be relaxed such as when
the equipment is used |n a commercial
environment. :

e 6.10.2.4 Conclusion

— Due to the frequency coverage and different limit
shapes and levels, ITE equipment qualified to
CISPR 22 will not be acceptable for military
purposes unless it is used in. a commerC|aI like
environment.
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MIL-STD-461E-EPS:2001
. 6.10.3.4 Conclusion

— Except for Class A or Z:equipment with
narrowband emissions:(curve 7), no other
airborne equipment qualified to DO- 160D,
Section 21 is acceptable for military purposes
due to the frequency coverage and the
different limit shapes and levels. Curve (72
may be acceptable for:curves (1? (3), or (5)
with allowances at the:high and low requency
ends (ecL ipment not expected to be near
susceptible receivers). The maximum
difference of approximately 7 dB between
curves 2 g and ;5) lies at-25 MHz, and between
curves (7) and (1,3) at 100 MHz.
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MIL-STD-461E-EPS:2001

—
. 6.10.4.4 Conclusion -

— Due to the frequency: coverage of the
limits, equipment qualified to FCC
regulations according to the measurement
procedure in ANS C63.4 will be acceptable
for military purposes only if it is used in a
civilian environment.. EQuipment qualified
via measurements with the absorbing
clamp will only be acceptable for meeting
requirements if a satisfactory correlation
between conducted power and field
readings can be established.
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MIL-STD-461E-EPS:2001

e 6.10.5.4 Conclusion |

— Due to the frequency coverage and limit levels,
TV & FM receivers qualified to FCC regulations
according to the measurement technique in
IEEE 187 will be acceptable for meeting RE102
requirements only if they are expected to be
used with separation distances from
susceptible antennas as below.

« Ground; Navy Fixed & AF: 1.9m/6ft

« Ground; Navy Mobile & Army: 19m/60ft

« Air & Space; Navy & AF (internal): 5.6m/18ft

« Air & Space; Army (internal & external): 19m/60ft
« Air & Space; Navy & AF (external): 19m/60ft

« Ships & Subs: 5.6m/18ft =
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MIL-STD-461G
=
+ 5.17.3.2: Test equipment
— Measurement receivers

— Data recording device

— Antennas: |
« 10kHz..30MHz 104cm rod
« 30MHz..200MHz blconlc_al 137cm tip to tip
« 200MHz..1GHz double ridge horn, 69.0..94.5cm
« 1GHz..18GHz double rldge horn, 24.2..13.6cm

— Signal generators
— Stub radiator

— Capacitor, 10pF
— LISNs
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Basic test s—ét-up

TEST SETUP BOUNDARY !
i :
i |
i ;
. |
' Antenna '
. |
i Path for :
. Measurement !
1 '
: Signal !
! Ge:?er:ztor ;
; / |
. |
i :
. Path for !
! System Check

_.._. Shielded Enclosure

Measurement
Receiver

Data
Recording
Device
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Antenna pos_i-t'oi'oning

H Center Point of Red
| Element
Test Setup / MNote: No Bond Strap
Boundary —
[ ROD
- 3
Ground Plane .ai
Floor
f
Test Setup |
Boundary "“--,E
BICONICAL
/ B
Ground
Plane §
L
'EaﬂfdMD
uncay — \—'
| DOUBLE
. /" - RIDGE HORN
— E
Ground o
Plane - -
8 Floor
* May be adjusted to meet the
1m area beamwidth requirements in

5.18.3 3c.(2)(c)2 and
5.18.3.3c.(2)(c)3.
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Rod antenna
—
+ 5.18.3.3.c1 ’

— For rod antenna measurements, electrical
bonding of the counterpoise is prohibited. The
required configuration:is shown on Figure
RE102-6. The shield of the coaxial cable from
the rod antenna matching network shall be
electrically bonded to the floor in a length as
short as possible (not to exceed 10 cm excess
length). A ferrite sleeve with 20 to 30 ohms
impedance (lossy with minimal inductance) at
20 MHz shall be placed near the center of the
coaxial cable length between the antenna
matching network and the floor.
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Antenna positioning
_— SRR =SS
. 5.18.3.3.c2 ’

— (a) Determine the test setup boundary of the EUT and
associated cabling for use in positioning of antennas.

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

« 1. Position antennas 1m from the front edge of the test setup
boundary for all setups. ;

« 2. Position antennas 120cm above the floor ground plane. For
free standing EUTs, antennaheights shall be determined as
described in 5.18.3.3¢(2)(c)2 and 5.18.3.3c(2)(c)3.

« 3. Ensure that no part of any antenna is closer than 1m from
thelwalls and 0.5m from the ceiling and floor of the shielded
enclosure. "
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Antenna positioning
S
. 5.18.3.3.c2 "

— (c) The number of required antenna positions depends on the
size of the test setup boundary and the number of enclosures
included in the setup. -

+ 1. For testing below 200MHz, use the following criteria to determine the
individual antenna positions.
— a. For setups with the side edh;'es of the boundary 3m or less, one position is

required and the antenna shall be centered with respect to the side edges of
the boundary. :

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

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

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

—
. 5.18.3.4.3 ’

— Verify that the ambient requirements
specified in 4.3.4 are met. Take plots of
the ambient when required by the
referenced paragraph.
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Ambient E/ M"Level

 4.3.4 - Ambient Electromagn'étic Level

— During testing, the ambient-electromagnetic level
measured with the EUT de-energized and all auxiliary
ec||uipment turned on shall be at least 6dB 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 a resistive
load which draws the same rated current as the EUT.
When tests are performed in a shielded enclosure and
the EUT is in 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.
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Integrity check

. 5.18.3.4 "

— Valutare il sistema di:misura dal cavo
coassiale al data output device a
 10.5kHz, 2.1MHz, 12MHz, 29.5MHz (rod)
« 197MHz (biconical)
* 990MHz e 17.5GHz (double ridge horn)

— Applicare un segnale:almeno 6dB inferiore
al limite e verificare che il livello ricevuto
dal ricevitore sia nell’intorno di +3dB

— Per la rod, rimuovere I'elemento ed
applicare al matching network
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Integrity check

. 5.18.3.4 |

— Dimostrare che esiste /continuita

— Irradiare un segnale noto con un
radiatore alla massima frequenza di
ogni tipo di antenna e verificare la
ricezione del segnale
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Rod antenna Inte-g'rity check

.

Counterpoise

Coaxial Cable From Center Conductors
Signal Source Tied Together and

to 10 pF Capacitor 10 pF Capacitor

Rad _ \ Tied to Rod
Matching Connection
Network L

] @'/
4

Shields tied "]

Together and to

—

Coaxial Cable

to Measurement
Network Case /' Receiver
Coaxial Cable
to Termination
™~ 50 Ohm RF
Termination

Notes:
1. Each individual wire connection limited to 5 cm length maximum._

2. 50 ohm temmination may be replaced with 50 ohm measurement
receiver to verify level of injected signal.

3. The 10 pF capacitor may be built into some antenna matching
networks.
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EUT testing

. 5.17.3.4 |

— Azionare I'EUT e lasciarlo stabilizzare

— Scansire con il ricevitore su ogni range
usando le bandwidth ed i tempi di
misura minimi definiti in Table II

— Sopra 30MHz, orientare le antenne
orizzontalmente e verticalmente
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RE103
—
. Radiated emissions

« Antenna spurious and harmonic
outputs -

REO3 10kHz..40GHz -461, -461A
REO3 10kHz..40GHz (-462) -461B, -461C

RE103 10kHz..40GHz -461D, -461E, -461F, -461G
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Le applicazioni

Applicazioni MIL-STD-461G RE103

Surface ships L

Submarines

Aircraft, Army, Including Flight Line
Aircraft, Navy

Aircraft, Air Force

Space systems, Including Launch Vehicles
Ground, Army

Ground, Navy

r. - - — — r— »r—

Ground, Air Force

A: Applicable :
L: Limited as specified in the individual sections of the standard
S: Procuring activity must specify in procurement documentation
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RE103 applicability

— — —
« MIL-STD-461G 5.19.1

— This requirement may be used as an
alternative for CE106 when testing
transmitters with their intended antennas.
This requirement is met if the emissions do
not exceed the applicable RE102 |limit in
transmit mode. CE106 is the preferred
requirement unless the equipment or
subsystem design characteristics preclude
its use. RE103 should-be the preferred
method for systems using active antenna
or when the antenna impedance has a non-
standard impedance CUrVE.
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RE103 applicability

s
+ MIL-STD-461G 5.19.1

— The requirement is applicable from 10kHz
to 40GHz and not applicable within the
bandwidth of the EUT transmitted signal or
within £5% of the fundamental frequency,
whichever is larger. For Navy shipboard
applications with peak transmitter power
Pip>1kW, the 5% frequency exclusion is
increased by an additional 0.1% of the
fundamental frequency. for each dB above
1kW of peak power:
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RE103 applicability
—
. MIL-STD-461G 5.19.1 -

— FE = £ - (0.05 +>=2) - (Ptpk [dBm] — 60[dBm])

— Depending on the operatlng frequency range of
the EUT, the start frequency of the test is as

follows: .
Operating Frequency range (EUT) Start Frequency of Test
10kHz..3MHz 10kHz
3MHz..300MHz 100kHz
300MHz..3GHz 1MHz

3GHz..40GHz 10MHz
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RE103 applicability
————————————————————— ——
. MIL-STD-461G 5.19.1 -

— The equipment will be tested/to an upper frequency
limit based on the highest frequency generated or
received by the EUT. For:systems with the
frequencies generated or received less than 1GHz,
the upper frequency limit will be 20 times the
highest frequency or 18GHz whichever is greater.
For systems with frequencies generated or received
?reater than or equal to:1GHz, the upper frequency

mit will be 10 times the: hlghest frequency or
40GHz whichever is less.For equipment using
waveguide, the requirement does not apply below
eight- “tenths of the wavegulde s cutoff frequency.
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RE103 Limits
_ =
. MIL-STD-461G 5.19.2 -

— Harmonics, except the second and third, and
all other spurlous emissions shall be at least
80 dB down from the level at the fundamental.
The second and third harmonics shall be

Fpressed to a level of -20 dBm or 80 dB

ow the fundamental, whichever requires
Iess suppression. For Navy shipboard

applications, the second \and third harmonics
will be suppressed to a:level of -20 dBm and
all other harmonics and-spurious emissions
shall be suppressed to -40 dBm, except if the
duty cycle of the emissions are less than

0.2%, then the limit may be relaxed to 0 dBm.
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MIL-STD-461G
- -+
« 5.19.3.2: Test equipment

— Measurement receiy)er

— Attenuators 50Q

— Antennas :

— Rejection networks:

— Signal generator

— Power monitor
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Integrity check

—
. 5.19.3.4.b ’

— Applicare un segnale su una frequenza
interna alla banda f,

— Scansire e verificare che il segnale
misurato sia nell'intorno di +3dB

— Ripetere su altre due frequenze nella
banda ~
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Integrity check

TX Antenna RX Antenna
Path for Measurement

< .

i
/-
Path for” | Band Rejection
System | n::rl
Check High Pass Filter
Transmitter !
EUT I
Signal
Generator
Power ||
Monitor
Attenuator
Measurement
Receiver

FIGURE RE103-1. Measurement system integrity check and test setup for radiated
harmonics and spurious emissions, 10 kHz to 1 GHz.
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Integrity check

TX Antenna RX Antenna

Path for Measurement

Path Ior/ Band Rejection

System ) or
heck High Pass Filter

Transmitter
EUT

Signal
Gernerator

Power
Monitor

Preselector
or Filter

Variable
Attenuator

Measurement
Receiver

FIGURE RE103-2. Measurement system integrity check and test setup for radiated
harmonics and spurious emissions, 1 GHz to 40 GHz.
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EUT testing

. 5.19.3.4.c |

— Azionare I'EUT e lasciarlo stabilizzare

— Sintonizzare I'EUT alla frequenza
desiderata f, e verificare la ricezione

— Misurare i dBW con un power monitor e
calcolare ERP (Effective Radiated Power)

— Verificare la ricezione del segnale sul
ricevitore posizionando I‘antenna alla
massima indicazione
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EUT testing

S
- 5.19.3.4.c
— ERP = V+2010gR+AF—135
« V ¢ la lettura del ricevitore in dBuV

« R e la distanza in metrl tra trasmittente e
ricevente

« AF e I'antenna facto'r dell’antenna ricevente
in dB (1/m)

— Verificare che ERP rii;evuto sia
nell'intorno di £3dB da quello calcolato
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EUT testiﬁg

—
¢ 5.19.3.4.C ’

— Inserire il Rejection: Network Filter e,
sintonizzando a f,, scansire sulla banda
per verificare trasm|55|one di armoniche
e spurie
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REO4
s
 Radiated emissions.,-"
- Magnetic field ¥
« Eliminata da MIL—STD 461B

REO4 20Hz..50kHz -461, -461A
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REOSfﬁ

EES-——SSS——_————_—_—_—_——_—_—_—————
- Radiated emissions.,-"
» Vehicles and engine drive equipment

 Eliminata da MIL—STD-461B

REOS 150kHz..1GHz -461, -461A
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REO6F”

—
- Radiated emissions.,-"
» Overhead power lines

+ Eliminata da MIL-STD-461B

REO6 50kHz..1GHz -461, -461A
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