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Military Standards Update

Report on Draft Versions of
Revisions to MIL-STD-461C and
MIL-STD-462

A summary of changes from the present MIL-STDs.

By Ken Javor
EMI/EMC Consultant

Drafts of proposed revisions to MIL-STD-
461C EMI requirements and MIL-STD-462
test methods have been released for indus-
try review. This article summarizes the
changes from the present MIL-STD-461C
and MIL-STD-462.

Introduction

Unlike earlier revisions of MIL-STD-461
and Notices to MIL-STD-462, which might
be characterized as evolutionary in nature,
this revision is revolutionary in both purpose
and scope. The change is entirely as great
as when the original Tri-Service MIL-STD-
461/-462 first replaced the Service unique
specifications that had been in use up to
that time (1967).

It is evident that a great deal of effort has
been put forth to make the specifications
more user friendly, and also to make the
requirements and test methods more closely
support system level EMC goals.

MIL-STD-463 EMI Definitions will be
canceled and replaced by ANSI C63.14.

General Changes

Perhaps the most obvious changes are
the deletion of the Service or application
unique Parts, and the addition of brief
Rationale Appendices to both standards.
There are still Service unique limits in some
cases, but they are all lumped together
under the appropriate requirement. The
Rationale Appendices explain the motivation
behind each requirement and test method,
and also caution against some of the
common pitfalls of testing. In MIL-STD-
461, the Rationale Appendix also serves as
a basis for tailoring limits. Under the
revised MIL-STD-461C, and the new MIL-
PRIME philosophy, tailoring EMI limits to
meet system level EMC goals will have
increased visibility. A thorough understand-
ing of how limits were derived is necessary
to justify tailoring those limits for a particu-
lar system.!

A minor feature of the drafts is a change
to the requirements numbering scheme.
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The four character designation (e.g., CE01)
has been replaced by a five character
designator (e.g., CE101). Essentially, the
numbering scheme starts with a baseline of
CE/CS/RE/RS100 rather than the present
baseline of CE/CS/RE/RS00 (conducted
emissions/conducted susceptibility/radiated
emissions/radiated susceptibility).

Specific Changes

This section is organized into two parts.
The first deals with changes that affect
more than one requirement or test method.
The second is a summary of changes to the
individual requirements and test methods.

Changes In Emissions and
Susceptibility Limits and
Measurements

One of the revolutionary changes cited
above is the deletion of narrowband/
broadband signal analysis in favor of a single
limit and standard measurement band-
widths. Minimum scan times are specified
as well. Use of the peak detector has been
retained. Receiver characteristics are speci-
fied to be in accordance with ANSI C63.2.
A related break with tradition is a require-
ment for X-Y graphs of emission data. While
this has been the norm at most test facilities
for a number of years, the original method
was manual recording and data reduction,
presented in tabular format. This was the
most prevalent form of data presentation in
1967, (date of original release of -461/-462)
when the first automated receiver systems
were beginning to gain widespread accep-
tance. The present MIL-STD-462 Notice
2 even has a list of acceptable EMI
receivers, of which several are of the
manual type.

A procedural change affecting all emis-
sions tests is a requirement to verify the
accuracy of the entire measurement setup
from end to end prior to performing test
measurements. This is an expansion on the
old requirement to establish an ambient
level at least 6 dB below each limit. Now,

in addition to establishing the acceptable

ambient, it is also necessary to demonstrate
that the entire measurement setup can
accurately measure a known input signal (at
the standard limit). This is a very helpful
quality enhancer which can smoke out such
problems as pushed back pins in coax
connectors, incorrect receiver settings, or
broken components.

For the first time, radiated emission and
susceptibility measurements in a partially
anechoic chamber are required. These
requirements are quite modest, but are a
welcome step in the right direction. The
absorber material intrinsic property is speci-
fied to be 6 dB of absorption for a normally
incident 50 MHz plane wave. Position of
material in the chamber with respect to
EUT and measurement antenna placement
are also specified. No quiet zone require-
ments are levied.

A note of key interest to typical test
facilities with shield rooms smaller than 16’
W x 16" L x 12" H: A literal interpretation
of the draft absorber requirements would
lead to the procurement of 4’ cones (or
ferrite tile absorber — more expensive than
cones but easy to retrofit into present
chamber). Use of 4’ cones requires a new
larger shield room. In turn, this may require
a larger room or building to house the new
shield room. Conversation with the Tri-
Service committee revealed that the inten-
tion was no more than 2’ cones, which could
be retrofitted easily into almost any EMI
test chamber.

The other truly revolutionary change in

Ken Javor has performed EMC analysis and
EMI testing since 1980. He is a member
of SAE AE-4, AE-4R and EIA G-46
committees. He is a NARTE certified
engineer who is preparing a hands-on
testing seminar ‘‘MIL-STD-461C/D Test-
ing.”” He may be reached at EMC Services,
P.0O. Box 2504, Huntsville, AL 35804-
2504. Phone (205) 971-9527.
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these drafts is the replacement or augmen-
tation of present requirements by tech-
niques using cable bulk current injection
(BCI). BCI techniques have several advan-
tages over traditional methods such as
CS02, CS06, and RS03. These advantages
are in accuracy, precision and scope of
applicability. Accuracy and precision ad-
vances relate to obvious factors such as

measuring cable currents instead of field
strengths. In addition, accuracy and preci-
sion are increased because the magnitude
of the stress (the standard limit) is better
correlated to the real world threat. In the
frequency range where BCI augments
(overlaps in frequency) RS03, BCI limits
can realistically simulate threats which are
impossible to do with RS03 test methods.
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September 15-18

Mark your calendar now and plan to attend the 14th annual Electrical
Overstress/Electrostatic Discharge Symposium at Loews Anatole, Dallas.
The first day, Tuesday, Sept. 15, is dedicated to tutorials taught by industry
experts. These range from basic measurement techniques, toadvanced modeling, and
IC-protection-device design. The Symposium’s technical sessions will cover systems,
factory issues and field failures, protection circuits, device testing, and ESD materials.
Author'scorners and workshops offer access to the experts. Also, visit the exhibit
hall and see products from more than 100 vendors in the EOS/ESD field.

For preregistration information, write or call:
1992 EOS/ESD Symposium, 200 Liberty Plaza, Rome, NY 13440
Tel: (315) 339-6937 Fax: (315) 339-6793

Preregistration is $190 and includes one year’s EOS/ESD Association membership, as

well as access to all rechnical sessions, workshops, and exhibits. Major credit cards é
accepted. Don't wait! Admission is $225 at the door. E

Sponsored by the EOS/ESD Association

Scope of applicability is greatly increased:
now the CS02 and CS06 replacement tests
apply equally to power and signal cables. A
forthcoming article in EMC Test & Design
(““The How and Why of Bulk Current
Injection Testing'’ - September/October
1992) will discuss compelling reasons driv-
ing both the military and commercial avion-
ics world to incorporate BCI limits and test
methods.

Similar to minimum scan times for emis-
sions measurements, there are minimum
susceptibility scan rates and maximum step
sizes. There could be some serious capital
equipment outlays required here.

An unfortunate lapse under MIL-STD-
461C was no requirement for susceptibility
signal modulation. The draft version calls
out 1 kHz square wave modulation as a
default value for tuned frequencies above
10 kHz.

For both RE and RS E-field testing, the
200 MHz - 1 GHz band logconical is replaced
by the double ridge guide horn. For those
facilities that don’t have one, this a $4000
impact. In addition, there are now two
polarization sweeps to replace the single
circularly polarized sweep of the logconical.
And there is the sheer size and mass...

Comparison of Present and Pro-

posed Limits and Test Methods
Table 1 summarizes the changes in the

requirements, and the details follow.

CEO1 To CE101

““CE01, Conducted Emissions, 30 Hz to
15 kHz, Power Leads'’ is to become
““CE101, Conducted Emissions, 30 Hz to
10 kHz, Power Leads.”’ The limit depends
on power type and/or load current. The
feedthrough capacitor has been replaced by
a 50 pH LISN. This LISN is also used for
test method CE102. LISN topology is
shown in Figure 1. This LISN has a
line-to-ground impedance of 5 @ at 10 kHz,
where the inductor and 8 wF capacitor
resonate. Thus it does not adequately
control the power source impedance for this
test. This is not a new problem. Use of the
10 uF feedthrough capacitor for CE0O1 has
the same drawback.

CE03 To CE102

““CE03, Conducted Emissions, 15 kHz
to 50 MHz, Power Leads’’ is to become
““CE102, Conducted Emissions, 10 kHz to
10 MHz, Power Leads.”’

This limit and test has undergone signifi-
cant revision. As mentioned above, there
is a single limit. (Separate limits for
narrowband and broadband emissions are
eliminated.) This limit is in terms of voltage
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measured at the LISN EMI port. Note that
the frequency range of the test has been
decreased significantly. The limit varies
according to the type of power supplied to
the EUT, but not according to the load
current drawn. In some ways this test
method harkens back to the earliest days
of EMI specifications, with the dBuV limit
and specified bandwidths replacing the use
of authorized EMI meters. However, the
limit itself is much relaxed from these early
specifications in keeping with the better
immunity of today's communications elec-
tronics equipment. The 50 uH LISN, as
compared to the old 5 uH LISN, might be
considered to model a much larger power
bus. (The 5 uH LISN modeled the 28 Volt
dc bus from a 1930s model DC-3 airplane.)
In actuality, the draft LISN is a subset of
the VDE-CISPR LISN. Facilities which
already have such a commercial LISN may
now use it for their military tests as well.
One problem with LISNs is current carrying
capability. Limitations due to inductor size
in the past were one of the reasons for the
use of the feedthrough capacitor. This
problem will be even greater with this
LISN, sporting a much larger inductor.
High power loads may require special test
methods/dispensations.

CE06 To CE106

“CE06, Conducted Emissions, Antenna
Terminal, 10 kHz to 12.4 GHz” is to
become “CE106, Conducted Emissions,
Antenna Terminal, 10 kHz to 40 GHz."
There are no substantive changes.

CE07

Requirement CE07, Transient Load In-
duced Effects on Input Power, is deleted,
Manually activated transients are uncon-
trolled. Transients arising from automatic
cycling of equipment modes must meet the
steady state limits of CE102.

CS01 To CS101

““CS01, Conducted Susceptibility, 30 Hz
to 50 kHz, Power Leads’’ is to become
“'CS101, Conducted Susceptibility, 30 Hz
to 50 kHz, Power Leads.’’ The limit now
depends upon power type. The only sub-
stantive method changes are test set up

CE CS RE RS
Present | Draft Present | Draft Present | Draft Present | Draft
CE01 CE101 | CSo1 CS101 | REO1 RE101 | RSo01 RS101
CE03 CE102 | CS02 CS114 | RE02 RE102 | RS02 deleted
CE06 CE106 | CS03 deleted | RE03 RE103 | RS03 RS103
CE07 deleted | CS04 deleted RS05 RS105

CS05 deleted
CS06 CS115
CSo07 deleted
CSo09 CS109
CS10 CS116
CS11 CS116
CS12 CS116
CS13 CS116

Table 1. Summary comparison of present and draft requirements.

diagrams for injecting CS01 levels in 3 phase
wye and delta loads.

CS02 To CS114

“CS02, Conducted Susceptibility, 50 kHz
to 400 MHz, Power Leads’ is to become
“CS114, Bulk Cable Injection, 10 kHz to
400 MHz."'

This is one of the revolutionary changes
in the draft. Note that whereas the
capacitively injected CS02 voltage is neces-
sarily limited to power leads, the BCI CS114
current has no such limitation, and is indeed
required on all interconnecting leads. A bit
of background behind such a big change is
perhaps in order. The reader may have
pondered the large safety margin inherent
in the application of both CE03 and CS02
to all military procurements. The Procuring
Activities have stated that CS02 is not
meant to simulate power bus ripple, but
rather the effects of high power electromag-
netic transmissions coupling to a power
bus. This answers the ‘‘safety margin'’
question, but it begs another, ““If these
fields are coupling to power leads, then
aren't they also coupling to interconnecting
signal lines as well? And, if the coupling to
signal leads is handled by RS03, then why
doesn’t RSO3 suffice for power leads as

e an!
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POWER INPUT J_
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0 .25uF :

EMI MEASUREMENT PORT

FACILITY GROUND

Figure 1. Draft LISN schematic.
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well?”" These questions will be addressed
in the September/October issue article
“The How and Why of Bulk Current
Injection Testing’’ mentioned earlier. Also
see Reference 2. It suffices for now to say
that there are compelling reasons driving
the military and commercial avionics worlds
to incorporate BCI limits and test methods.

The BCI test requires current injection
devices, which are similar to current probes
except they can handle larger amounts of
RF power in the windings. Two injection
devices are required to cover the complete
frequency range of this test. Considerably
more power is required for this test than for
CS02. However, if a test facility has a 20
V/m RSO3 capability, no new amplifiers
should be necessary.

CS03, CS04, CS05

CS03, CS04, and CS05 are Conducted
Susceptibility, Antenna Terminals, 30 Hz
to 10 GHz, Intermodulation, Rejection of
Undesired Signals, and Cross Modulation
(respectively). These requirements are
deleted in the draft in favor of specific
requirements in procurement specifications.

CS06 To CS115

*'CS06, Conducted Susceptibility, Spike,
Power Leads' is to become ‘‘CS115,
Conducted Susceptibility, Bulk Current In-
jection, Impulse Excitation.”” Exactly as in
the case of CS02, this new BCI requirement
applies to both power leads and signal lines.
The impulse generator is a 50 Q device, not
a low impedance device as presently. The
author is not aware of a single piece of test
equipment on the market presently meeting
this requirement, although the current and
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voltage requirements are within the range
of the present CS06 spike generators. With
the exception of the output impedance,
which is easily solved, only the pulse width
must be changed (shortened).

CSo07
Requirement CS07, Conducted Suscepti-
bility, Squelch Circuits, is deleted.

CS09 To CS109

““CS09, Conducted Susceptibility, Struc-
ture Current, 60 Hz to 100 kHz"' is to
become ‘‘CS109, Conducted Susceptibility,
Structure Current, 60 Hz to 100 kHz.”
There are no substantive changes.

CS10, CS11, CS12, CS13 To
CS116

€510, €Sil, €S12, G513, Conducted
Susceptibility, Damped Sinusocidal Tran-
sients, Pin and Cable Injection, 10 kHz to
100 MHz'' are to become ‘‘CS116, Con-
ducted Susceptibility, Sinusoidal Transients,
Cables and Power Leads, 10 kHz to 100
MHz."

This particular application of BCI differs

only in degree, not in kind from the
superseded requirements. These require-
ments were already of the BCI type, but the
accuracy and repeatability were not as
good. Notice that one requirement and test
method has replaced four. Actually, the
limit is different for the Air Force than for
the Army and Navy in the new draft. The
limits are quite similar to those today.

REO01 To RE101

““RE01, Radiated Emissions, 30 Hz to
30 kHz, Magnetic Field” is to become
““RE101, Radiated Emissions, 30 Hz to 30
kHz, Magnetic Field.”” The limit has
changed and, in addition to the retained 7
cm test distance, there is a new 50 cm test
distance with a new limit about 34 dB below
the new 7 cm limit, independent of fre-
quency. There are different limits for the
different Services. The Air Force does not
have a limit.

REO2 To RE102

““RE02, Radiated Emissions, 14 kHz to
10 GHz, Electric Fields'' is to become
““RE102, Radiated Emissions, Electric

Field, 10 kHz to 18 GHz."'

Again, note the change to a single limit
with prescribed measurement bandwidths.
(Separate limits for narrowband and broad-
band emissions are eliminated.) The limits
have changed substantially. For equipments
installed within electrically conductive struc-
tures, the VLF portion of the limit has been
relaxed. The VHF/ UHF bands haven't
changed much. In the HF band, there is a
slight relaxation, except that for equipment
mounted externally to the structure the
HF limit is tighter. The Army does not
discriminate between internal and external
equipments and the limit is a combination
of VLF relaxation and the tighter HF limit.
If one considers the nature of Army weapon
systems such as attack helicopters and
motorized vehicles such as the HUMVEE
and the likely shielding effectiveness the
Army position is understandable.

REO03 To RE103

““RE03, Spurious and Harmonic Emis-
sions, 10 kHz to 40 GHz' is to become
““RE103, Radiated Emissions, Antenna Spu-
rious and Harmonic Outputs, 10 kHz to 40

TOYO Advanced F errite Grid FFG-1000
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GHz.”" There are no substantial changes.

RS01 To RS101
‘‘RS01, Radiated Susceptibility, 30 Hz

S to 50 kHz, Magnetic Field'' is to become
S ““RS101, Radiated Susceptibility, Magnetic
4 Field, 30 Hz to 50 kHz."’ The Navy RS101
1 limit is 10 dB above the Navy RE101 limit.
t The Army version has a smaller margin with
a respect to the Army RE101 limit. Both of
it these limits are higher than the present
e RSO01 limit. A new receive loop is specified
)t whose purpose is calibration of the transmit
al loop. This new loop is similar to, but smaller
n than the present RE01 loop. The REO01
t. receive loop and the RSO1 transmit loop
n have not changed.

d

E RS02

e Requirement RS02, Radiated Susceptibil-

ity, Magnetic Induction Field, is deleted. It
is quite adequately replaced by the various
BCI requirements.

15-

ne RS03 To RS103
- ““RS03, Radiated Susceptibility, 14 kHz
40 to 18 GHz, Electric Field’’ is to become

““RS103, Radiated Susceptibility, Electric
= Field, 10 kHz to 40 GHz.”

The limits have changed substantially and
are much more dependent on equipment
application. No limits are above 200 V/m.
Limits also vary according to frequency. A
test method change requires real time
monitoring and leveling of the field intensity
below 1 GHz. This necessitates the use of
electrically short sensing devices small
enough to fit in the EUT test setup and not
load the field. (Use of antennas for this
function is not allowed.)

RS05 To RS105

‘‘RS05, Radiated Susceptibility, Electro-
magnetic Pulse Field, Transient’” is to
become ‘‘RS105, Radiated Susceptibility,
Transient Electromagnetic Field.”’

The limit waveform is changed. The
maximum amplitude increases slightly. The
rise time is specified as a not to exceed (with
the NTE value similar to the present
risetime.) The fall time is greatly short-
ened. There should be less total energy in
this waveform. There are no substantial
test method changes. =
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Corrosion Problems?
NBC Requirements?
Cost Reduction?
High Temperature?

Fluid Resistance?
Weight Reduction?
Environmental Seals?

Special Shielding & Sealing
Needs Call For Special
PARSHIELD ELASTOMERS!

Parker PARSHIELD Conductive Elastomers are
available in a wide range of special materials.

In addition to all twelve MIL-G-83528 materials,
Parker Seal offers the following PARSHIELD
Conductive Elastomers developed to solve your
special shielding and sealing needs:

MATERIAL COMPOSITION CHARACTERISTICS/APPLICATIONS
S6300 Silicone/Ni Corrosion
L6301 F.Silicone/Ni Corrosion/Fluids

S6304  Silicone/Ni-Graphite Corrosion/Lt. Wt./Cost
L6303 F.Silicone/Ni-Graphite = Corro./Fluids/Lt.Wt./Cost

E6302 EPDM/Ni Corrosion/NBC

E6434 EPDM/Ag-Ni NBC/Superior Shielding
E6601 EPDM/Carbon NBC/High Strength
V6433  Fluorocarbon/Ag-Ni Fluids/High Temperature
L6431 F.Silicone/Ag-Ni Fluids/Wide Temp.

Superior Shielding

PLUS. . .the complete range of all twelve
MIL-G-83528 types for EMI/EMP shielding to
government specifications.

For complete performance specifications on any of
the special materials listed above and information
on reducing galvanic corrosion through the use of
PARSHIELD elastomers, plus your free copy of the
1992 PSG2700 PARSHIELD Brochure, contact:

PARKER SEAL GROUP

2360 PALUMBO DRIVE

LEXINGTON, KY 40512
(606)268-5078
FAX: (606)268-1989 Seals

The Shielding and Sealing People
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