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SUMMARY

INTRODUCTION
The Tactical Electromagnetic System Study (TESS) was a CNO sponsored eleven vol-

ume secret report documenting fleet electromagnetic system problems. The study was begu n
in 1969 and completed in 1973. A TESS Action Council (TESSAC) was established by
NAVMAT in August 1975 to determine if the conclusions of the TESS report were still valid
and to recommend a NAVMAT response. The TESSAC recommendations were completed in
March 1976. As a result of these recommendations. the Chief of Naval Material requested
TESSAC to investigate the state of the technology in Electromagnetic Effects (EME), the
Navy laboratory and Systems Command technical capability in EME problem solving, and the
adequacy of specifications and standards related to EME. In responding to the CNM request ,
six electromagnetic disciplines were identified and a technology task leader was assigned to
each discipline. The disciplines, task leaders and their facility, and the resulting reports are
listed in table S-l . These reports also contain additional information on the acquisition proc-
ess and R&D needs related to each discipline. This information is to serve as inputs to reports
recommending needed changes in the acquisition process and needed R&D.

TABLE S-I . TECHNOLOGY TASK REPORTS

Naval Facility and
TESSAC EM Discipline Technology Task Leader Report

Electromagnetic Compatibility Naval Post Graduate School . ITTRI Tactical Electro-Magnetic
(EM C) and Electromagnetic Monterey, CA Systems Action Council Electro-
Interference (EM I ) Dr Richard Adler magnetic Compatibilit y Survey of

Ju ne 1977

Electromagnetic Vulnerability Naval Surface Weapons NSWC/ DL TESSAC Final Report
(E MV) Center , Dahlg ren , VA for EM Vulnerability of 2 June

Mr Roge r Schirmer 1977

Electronic Counter Measures Naval Research Laboratory , NRL/TESSAC Secret Final Report
( ECM) and Electronic Counter Washington , DC on Electronic Countermeasures of
Counter- Measures ( ECCM) Mr Noel C Balthaser 15 July 1977

Electromag netic Pulse (EM P) Naval Surface Weapons NSWC /IITR I TESSAC EMP
Center , White Oak , MD Protection Engineering Study of
Dr Robert J Hais lmaler 1 Jul y 1977

Safety Naval Ship Engineering NAVS EC TESSAC Electromag-
Center . Washi n gton , DC netic Safety Stud y Group F inal
Mr Joh n Roman Report of 31 August 1977

NOSC ID 110 Working Papers.

Electromagnetic Power Naval Ocean Systems Center TESSAC EM-Power Task
( EM-Power) San Diego , CA Tech n ology Capabilities Speciflca-

Mr Jerrold Foutz tions (Interim Final Report of
12 J uly 77)
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For the TESSAC discipline of EM-Power, this report identif ies EM-Power issues, dis-
cusses the state of EM-Power technology, identifies Navy capability in EM-Power , and discus-

F ses the adequacy of specifications and standards related to EM-Power. EM-Power is the
TESSAC name for the subset of EMC , EMV . EMP , and EM-Safety related to the platform
electrical power system and the interface between the electrical power system and other elec-
trical and electronic systems and equipment.

The investigation was made through a TESSAC EM-Power Technology Task Team of
10 members from Navy activities involved with generating and using electrical power on air-
craft , ship, and shore platforms. A workshop with 13 participants from the same areas was
also used. As required by the TESSAC Coordinator , on site visits were made to the Navy
facilities with EM-Power capabilities.

PRIORITIES
To give focus to the study. priorities with respect to function , platform , and environ-

ment were established. The highest priority is any electromagnetic environment that can
cause loss of power on Navy missions. These environments are most likely during combat
conditions and include electromagnetic pulses. Electrical power is essential to all 15 mission
areas of fleet units discussed in the Naval Combat Readiness Criteria. This fact and the impact
on fleet equipment of even momentary power interruptions (table S-2) support the rationale
for placing discontinuity of power first in establishing EM-Power electromagnetic effects
priorities. These priorities are listed in table S-3 .

TABLE S-2. R ECOVERY TIME OF SHIPBOARD ELECTRONIC EQUIPMENT FROM
MOMENTAR Y POWER INTERRUPTIONS (POWER RESTORED iN LESS

THAN 3 10 30 SECONDS)

Time Range Time Range
to Return to Full Equi pment

Operation Performance
Equi pment Type (Minutes) (Minutes)

ECM 3 60

Radar PPl 3 30

Sonar(FC) 5 5

Sonar 1-30 5-30

Radar (Traffic Control) 3.15 60

Navigation Equipment 45-240 60-1200
(3/4-4 h) (1 - 20h )

Search Radar 3-10 5-60

Processing Equipment 1-180 180-300

Radio Communication Equipme nt 1-30 5-30

s-2 
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TABLE S-3. EM-POWER PRIORITIES ~~~~~~~~~~~~~~~~~~~~~~~~ 
.

FUNCTIONAL PRIORITIES \~
CRITERION: Ability to perform mission \~~‘

\ . ..

I .  Discontinuity of power .

2. Voltage and frequency variations \ ~3. Load interactions \.
4. Voltage waveform distortion
5. Hull currents

PLATFORM PRIORITIES

CRITERIA: a) Presence of loads that degrade electric power
b) Presence of mission essential loads sensitive to degraded power

I .  Ships/aircraft combining large surging or pulsing loads with sensitive digital proc-
essing systems or digita l controls

2. Ships/aircraft with electronic control systems

ENVIRONMENTAL PRIORITIES

CRITERIA: a) Risk of discontinuity of power
b) Degradation of power system

1. EMP
2. Combat

ISSUES
Issues, as used in this report. are EM-Power topics that are pertinent to the Navy ’s

ability to procure and operate systems that perform their missions in the various EM
environments.

Thirteen issues in EM-Power are described in this report along with status. The impli-
cations for acquisition and R&D activities are also discussed.

The most important issues center around loss of mission capability when it is most
needed -. under combat conditions when stresses on the equipment fro m self-operation and
external environments are highest. These survival issues included discontinuity of power
(issue 2.1 ) .  EMP environments (issue 2.2 ) .  structure current coupling mode and susceptibility
(issue 2 .5 ) .  common mode noise rejection in interface circuits (issue 2.6) , and shipboard sig-
nal grounding practices of doubtfu l merit (issue 2.7). Mission capability can be lost for hours
by power interruptions of a few milliseconds. The EMP environment can result in a loss of
power or can destroy or couple false information into interface circuits. Structure currents
degrade performance margins if not minimized or if sensitive equipment is not desensitized.
High EM environments often enter circuits as a common mode signal , the impact depending
on the degree of common mode noise rejection. Present signal grounding practices on ships
invite problems in the presence of high EM environments.

S-3



Other issues center around obtaining the initial operational capability. These include
system stability (issue 2.4). pulse loads and harmonic currents (issue 2.3) . a n I  selection of
input power (issue 2.8). The ship and aircraft generators are control loops th it interface with
other generators (as when they operate in parallel) and with complex loads Vi at contain other
control loops (ie , power supplies) that may have negative input resistance (k , high-efficiency
power supplies). The total system has to be and to remain stable. Pulse loads can mimic sys-
tern instability, and pulse loads and harmonic currents can distort voltage waveforms to the
extent that other equipment is affected. Selecting the wrong input power can add size and
weight and increase failure rate with little or no compensating advantage. This category also
has issues that are described in the loss-of-mission capability : ie, structure currents , common
mode noise, and signal ground.

The final issues center around the e ffectiveness of getting the job done. These issues
include contractual control (issue 2.9), analysis (issue 2.10), testing (issue 2.1 1). data and data
bases (issue 2 . 1 2) . and volatility of EM-Power capability (issue 2.13).  Achieving contractor
control (the Navy cost-effectively getting what it technically wants and needs) is unnecess arily
complex as presently done. Navy EM-Power analysis capability generall y lags the state of the
art. Testing capability has been good but is rapidly being overtaken by more cost-effective
approaches. Data and data bases are inadequate for the Navy user of data. The Navy capabil-
ity in EM-Power is mostly in the background and experience of a few senior people. The
capability is diverted by Naval Industrial Funding (NIF) funding practices and is high ly vola-
tile : much of it could be easily lost.

Each EM-Power issue has associated with it a goal - - where we want to be : a status --

where we are : and activities needed to move from where we are to where we want to be. This
is illustrated in figure S-I . Where the activity is nonexistent or insufficie nt to achieve the goal.
a deficiency exists. Table S-4 summarizes the EM-Powe r issues in terms of goal, status, and
needed activities. An asterisk (*) is used to identify an activity as a defic iency. The unstarred
activities are in-~)rOgress. Progress has to be monitored to assure they don ’t beco m e a
deficiency.
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GOAL
Where

we want
to be

.~A’-
“C,’

o r..

‘4’

Deficiency = activity

insufficient to
STATUS achieve goal

Where Overkill = activity
we greater than needed
are to achieve goal

Figure S-I . Definitions : goals. status , activity, deficiency. and overkill

• TABLE S-4 . EM-POWER ISSUES
(Asterisk (*) denotes a deficiency)

DISCONTINUITY OF POWER

GOAL

a. Retention of mission capability during momentary loss of power.

b. Minimal occurrence of power interruptions , especially in high-s t ress EM environ-
ments (including EMP) likely to prevail in combat .

STATUS

a. Momenta ry power interruptions are characteri stic of ac electrical system designs
for ships and aircraft . Interruptions are most likely to occur in the high-s t ress EM-
environment during combat.

b. Up to 20 hours is needed for some ship systems to recover from a momentary
power interruption. Momentary power interruptions have kept aircraft from per-
forming their mission.

c. Mission impact of momentary loss of power is often discovered very late in a
program.

1 _ 
_ _ _  
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TABLE S-4 . (Continued)
(Asterisk (*) denotes a deficiency)

d. Available circumvention technology is not fully exploited.
e. R&D in circumvention technology is dormant while technology dependent on

better circumvention techniques (eg, fault tolerant computers ) progresses.

ACTIVITY

a.* Develop platform electrical power systems with characteristics that help minimize
loss of power to critical loads. (Note: Dc electrical systems have this characteristic.
The operational requirement for the Advanced Aircraft Electrical System (AAES)
has a 270-V dc option which is in the advanced development stage and is receiving
excellent contractor acceptance. Studies for dc systems for future ships are pro-
posed as part of the Surface and Submarine Propulsion Technical Strategy.)

b. * Determine mission impact of momentary loss of power in concept stage of acquisi-
tion process and revalidate in later stages. Determine circumvention approach if
one is needed.

c.’1’ Test for impact of momentary loss of power during all hardware/software perform-
ance testing. Use land based test sites , integration labs , software development labs ,
TECHEVAL , OPEVAL , etc. where problems can be detected and corrected before
systems become operational.

d. * Develop catalog of available circumvention technology to support activity b.
e.* initiate/maintain R&D in circumvention techniques at compatible level with R&D

in related technology (eg, fault tolerant computers , gracefu l system degradation.
EMP hardening ) . that may be dependent for effectiveness on circumventing a loss
of power.

f~* Develop electrical performance and fault location systems (Maintenance Monitoring
Systems) for ships to minimize power outages and minimize downtime and unneces-
sary maintenance.

g. * Develop automated electric plants for ships to maintain continuity (uninterruptible
power) and required quality of electrical power.

2. ELECTROMAGNETIC PULSE (EMP)

GOAL

a. EMP hardened ship and aircraft electrical systems.
h. Electronic systems EMP hardened sufficiently so that they do not activate protec-

tive devices in the electrical power system.
c. Elimination of signal ground paths and common mode to differential mode conver-

sions mechanisms that introduce the EMP into signal circuits.
d. Other goals as stated in the EMP report.



TABLE S-4. (Continued)
(Asterisk (*) denotes a deficiency )

STATUS

a. EMP hardness is an operational requ irement (OR) of the Advanced Aircraft Electri-
cal System (AAES). Because of this and the use of composite materials , electrical
power returns will use wire or bus rather than the airframe. The impact of EMP on
AAES solid-state controllers , signal transducers , the multiplex system. and the inte-
grated system is yet to be determined.

b. Conventional/mandatory shipboard signal grounding practices appear to couple
structure currents induced by EMP into ship electronic interface circuits. This is a
potentially catastrophic situation.

c. Other status is in the EMP report.

ACTIVITY

a. Determine EMP effects on the Advanced Aircraft Electrical System (AAES) compo-
nent and systems and perform EMP analysis and test.

b.* Determine the degree of EMP hardness needed by electronic systems used on AAES
aircra ft to prevent activation of AAES protective circuit s.

c.* Investigate apparent coupling of EMP induced structure currents into shipboard
electronics of present signal grounding practices. If problem , alert all project man-
agers , determine solution options , and support program managers in solving problem
for their system.

d. Other activities/deficiencies are in EMP report .

3. PULSE LOADS AND HARMONIC CURRENTS

GOAL

Reduced transient s , modulation , and harmonic voltage distortion on the electrical
systems of aircraft and ships and/or electronic equipment less sensitive to these
influences.

STATUS

a. The inherent response of electrical systems to a singl e pulse load is a voltage tran-
sient and to repetitive pulse loads is a voltage modulation. The response to harmon-
ic currents is harmonic voltage distortion of ac electrical power sources.

b. Many electronic systems are sensitive to modulation of the power source due to
inadequate design margins or poor control-loop stabilizing techniques.

• c. Past and most present general specification and qualification tests for electronic
systems/equipment do not prevent or discover systems with modulation or pulse
sensitivity deficiencies.

d. Switching regulators provide an excellent solution for design margi n problems and
are being used for this and other reasons. They are inherently insensitive to harmon-
ic voltage distortion but are a major contributor to harmonic current. Switching

S-7
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TABLE S-4 . (Continued)
(Asterisk (*) denotes a deficiency)

regulators can be stabilized to be insensitive to source transients and modulations ,
but most Navy contractors are unaware of the techniques and are not using them.

e. Filters, both passive and active , that are part of the electrical system on ships are
under development at a low level of effort.

f. All-electronic filters and adaptiv e control techniques that are part of the electronic
system are conceptually feasible but require extensive R&D.

g. Computer programs that can be used to predict the degree of the problem and the
effectiveness of proposed solutions are just starting to be used. Additional programs
and their wider use by Navy integration labs and contractors are needed.

ACTIVITY

a.* Reduce sensitivity of electronic systems to transient and modulation voltages by
improving specifications , adequately testing for sensitivity, and making contractors
aware of how better to design their contro l loops.

b.* Develop all-electronic and explore adaptive control methods to reduce pulse loads
and harmonic currents drawn by electronics.

c. ’1’ Accelerate R&D for passive and active filters for adding to the electrical system of
ships to correct for transients , modulation , and harmonic voltage distortions caused
by ship loads.

d.* Accelerate R&D and application of computer programs that can predict problems
and evaluate e ffectiveness of systems prior to building hardware .

4. SYSTEM STABILITY

GOAL

a. Navy systems that exploit all the advantage s of feedback control systems without
marginal stability or degradation of performance due to poor stabiliz ing techniques.

STATUS

a. The Navy has experienced many problems when subsystems , with control loops ,
have been integrated into a system . The problems are often resolved in a manner
that degrades the performance of the subsystem or the integrated system.

b. High-efficiency power conversion equipments such as switching regu lators have a
negative input resistance since they only take from the source the power needed by
the load. This type load is increasing at a rapid rate. Electrical power systems or
their components are not tested for this type load.

c. Placing EMI filters between a negative input resistance load and the electrical source
can cause the whole integrated system to go unstable. The conditions and cure for
this have been worked out in the last two years and publishe d in MIL-HDBK-24 IA.
The problem and availability of a solution needs a wider awareness in the system
engineering and EMC technical community . The techniques need to be adapted for
computer simulation and data needed for simulation made Part of contractual data
requirements.

S-8
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TABLE S-4 . (Continued)
(Asterisk (‘1’) denotes a deficiency)

d. Stability problems between the electrical power system and other systems are
mostly solved by a cut and try approach with inadequate analysis or testing of the
results. There are no good alternative methods to the cut and try method at pres-
ent although extension of the technique s that solved the EMI filter problem is
promising (an order of magnitude more complex problem ) . Testing techniques are
availaLle but not being applied.

e. Cost-effective computer simulation programs are needed to predict stability prob-
lems and verify the e ffectiveness of proposed solutions.

ACTIVITY

a. * Develop specifications and tests for electrical power systems and components that
must operate with negative input resistance loads. This may require mutual con-
straints on the electrical and electronic systems.

b. * Develop analytical techniques for solving contro l system interaction problems and
test techniques to verify the solution did not degrade the subsystem or system per-
formance or reliability.

c.~ Develop and appl y computer programs to predict stabili ty problems and verify
effectiveness of solutions before hardware is built.

5. STRUCTURE CURRENTS (Ship Problem)

GOAL

a. Reduction of structure currents to acceptable levels and/or reducing sensitivity of
electronic and other systems to structure current.

STATUS

a. The ship electrical system is floating (ungrounded to hull)  so that the system still
functions if a phase is shorted to hull. However , there is capacitive coupling to hull
from parasitics and from line-to-chassis capacitors in equipment EM! filters. High-
frequency components of power system harmonic voltage distortion are coupled
into the hull by these means and create structure currents.

b. EMP , lightning, and a short of a power line phase to hull are also sources of tran-
sient hull current.

c. Some ship systems are affected by structure currents such as VLF communications,
the degaussing system , and the ground fault detection circuits.

d. Electronic equipment is not specified or tested for sensiti vity to chassis (one of the
paths for structure currents ) currents. MIL-STD-46 1 is being modified to include
such tests.

e. The signal grounding practice for ships can bring structure currents into the signal
ground system of ship electronic systems.

S-9
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TABLE S-4. (Continued)
(Asterisk (*) denotes a deficiency)

ACTIVITY

a.* Reduce harmonic currents and therefore harmonic voltages that are the source for
structure currents in the unstressed EM environment.

b.* Limit capacitance to chassis in EM! filters in electronic and other systems.
c.* Test suspected sensitive equipment for sensitivity to chassis current. Tailor detail

specification until new MIL-STD-46 l is released.
d. * Determine structure current coupling to electronic system signal ground caused by

ship signal grounding practices. Determine impact on ship in a stressed EM-
environment. Determine solutions if impact is unacceptable.

6. COMMON MODE NOISE

GOAL

a. Electronic systems insensitive to unstressed and stressed electromagnetic environ-
ments.

STATUS

a. Electromagnetic energy impinging on signal cables includes common mode currents
in signal lines and returns. In a poorl y designed system , the common mode signal is
converted to differential mode and acted upon as a valid signal.

b. Most standard interface circuits used by the Navy are not specified for common
mode noise rejection. This requirement is seldoni part of the detailed specification.

c. Electronic equipment and systems are seldom tested for common mode noise
rejection.

d. MIL-STD-46 1 common mode noise tests are being developed.

ACTIVITY

a. * Determine required common mode rejection needed during concept stage and select
electronic or electro-optic approach to interface circuits. Specify degree of common
mode noise rejection needed and determine test method.

b. * Develop low-cost interface circuits for standard interfaces with adequate common
mode noise rejection.

c. ’1’ Develop low-cost standard electro-optic interface circuits.

7. SIGNAL GROUNDING

GOAL

a. A technically sound and consistent signal grounding philosophy for aircraft and
ships controlled by general specifications.

S-lU
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TABLE S-4 . (Continued)
(Asterisk (*) denotes a deficiency)

STATUS

a. On aircraft , the electrical system is grounded. The custom is to keep the signal
ground isolated in each enclosure with grounding details determined in system
integration. This is no problem.

b. On ships , the electrical system is floating. The custom is to tie signal ground to the
chassis in each enclosure . In one specification this is made mandatory. This “wires”
the structure into the signal circuits and gives a path for structure currents or volt-
ages to disturb electronic signals.

ACTIVITY

a.* Develop a technically sound and consistent signal grounding philosophy for aircraft
and ships and reflect this philosoph y in the general specifications.

8. SELECTION OF INPUT POWER

GOAL

a. Use platform power as generated.

STATUS

a. Ship electrical power is generated as 3 phase, 60-Hz , 440-V ac. However, available
options are single-phase, 400-Hz. and I I  5-V ac. Using any option incurs system
penalties. Use of single-phase ac increases structure currents. Use of 400-Hz ac
adds the weight and cost of frequency changers (with modern technology . 60-Hz
and 400-Hz 3-phase power supplies are the same size and weight , which are less than
previous 400-Hz designs). Use of I I 5-V ac requires the use of stepdown transform-
ers , which , if needed, are best placed in the equipment for EMC purposes.

b. Aircraft power is generated as I I  5/200-V . 3-phase , 400-Hz ac with exploration and
advanced development underway for 270-V dc. Avionic power supplies can be de-
signed to operate from both 270-V dc and I I  5/200-V ac , 3-phase , with no size or
weight penalty. Such avionics can be used on present and future aircraft with no
penalties. If designed for I I  5/200-V ac only, a dc to ac inverter has to be added to
the aircraft with 270-V dc nower systems.

c. A standard family of power supplies compatible with 115/200-V ac and 270-V dc
aircraft power and 3-phase , 60-Hz , 440-V ac shipboard power is under R&D.

d. Superconducting dc propulsion systems and dc links in solid-state frequency
changers now under development could be modified and expanded to provide pri-
mary dc power for electronic systems.

ACTIVITY

a.* Require all future ship electronics to operate from 3-phase , 60-Hz , 440-V ac power.
b. * Require all future aircraft avionics to operate from both 115/200-V ac and 270-V dc.

S-I l
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TABLE S-4. (Continued)
(Asterisk (*) denotes a deficiency)

c. Continue the development of a standard family of power supplies compatible with
ship and aircra ft electrical power as generated.

d. * Standardize input dc voltage level requirements for future shipboard electronic
loads and develop the means to provide it.

9. CONTRACTUAL CONTROL

GOAL

a. Better technical descriptions and contro l of Navy needs in contractual documents ,
especially specifications and standards.

STATUS

a. The general specifications and standards as now written do not sufficiently contro l
EM-Power topics. The Navy has no good assurance the product will perform as in-
tended in the electromagnetic environments. This places the burden on the system
specification developed as an output of the validation phase , and on the reviewers
of the contractor-generated documents. Since writers and reviewers of these docu-
ments are rarely cognizant of the wide variety of EM-Power problems , the risk of
error in judgment is high .

F ACTIVITY

a.* Develop a specification description of what the Navy needs for its systems/
equipments to operate from platform power sources in various electromagnetic
environments. Include tradeoffs , options , and rationale for the approaches develop-
ed. Reflect this description in the conjoint general specifcations controlling EM-
Power. Until reflected in general specifications , use information to tailor the general
specifications in the system specification.

10. ANALYSIS

GOA L

a. Better utilization of state-of-the-art analytical methods for resolving Navy EM-Power
problems and developing Navy systems.

STATUS

a. Electric power systems and electronic power conversion circuits are complex , non-
linear , often discrete time systems , with widely varying time constants. In the past
these systems have been hard to analyze. Analysis techniques have made rapid ad-
vances in the last few years. With relatively few exceptions the Navy EM-Power corn-
munity is not using the analytical techniques available. This is also trti e of Navy
contractors .

S-l2
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TABLE S4. (Continued )
(Asterisk (*) denotes a deficiency)

ACTIVITY .

a. Bring new power analysis techniques into the Navy, demonstrate as effective in
solving Navy problems , and have Navy/contractor personnel trained in their use.

I I .  TESTING

GOAL

a. Cost-effective EM-Power testing that uncovers EM-Power problems early in the
acquisition phase.

STATUS

a. The Navy EM-Power community has substantial test capability and instrumentation.
However , the lack of analysis capability has hampere d the effectiveness of some test-
ing, the test instruments are being obsoleted by modern automated data acquisition
systems , and the test data are often difficult to retrieve. A start in improving the
situation has been made in testing aircra ft electrical systems. MIL-STD-704 require-
ments have been changed in the B version of the standard to make it possible to
measure all electrical system parameters by automated measuring techni ques. These
techniques are now being developed.

b. The land based test sites , system integration labs , etc. could be used to discover EM-
Power problems , such as the system/mission impact of momentary loss of power,
before the system is installed on its platform. In general , this is not being done.

• ACTIVITY

a. Continue developing aircraft automated test techniques.
b. * Develop similar techniques for ship electrical power and electronics testing.
c.* Bring better analysis techniques on line to support test planning and interpr etation.
d. * Utilize land based test sites , system integration labs , etc . to discover EM-Power

problems before installation of the system on the platform.
e.* Establish a shipboard electrical/electronic interface simulation facility to provide

means to effectively study interface problems and develop solutions.
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TABLE S-4. (Continued)
(Asterisk (*) denotes a deficiency)

12. DATA AND DATA BASES

GOAL

a. Better acquisition , storage , and data retrieval of EM-Power information.

STATUS

a. EM-Power data needed for rational engineering decisions related to systems integra-
tion , systems changes , engineering change proposals , evaluation of software changes ,
waivers and deviations, etc. are just not available. The data needed may have been
collected at some time in the acquisition process but were not delivere d to the
government or cannot be located by those needing the data.

ACTIVITY

a.* Add EM-Power data to data banks normally available. If these data prove insuffici-
ent , develop a data acquisition , storage , and retrieval file for EM-Power data.

13. VOLATILITY OF EM-POWER CAPABILITY

GOAL

a. Maintain and improve Navy technolog ical capability in EM-Power.

STATUS

a. The Navy has a competent capability in EM-Power but that capability is highly
volatile and could easily be decimated. Loss of one to thre e personnel would cause
seven of the ten Navy facilities to lose their significant EM-Power capab ility. Once
lost , a state-of-the-art EM-Power capability is not easy to recapture. Three labs
have tried , only one has succeeded so far. The Navy has yet to capture a graduate
from a school providing state-of-the-art training in power electronics. —

b. 1”ne EM-Power organizations responsible for platform electrical power have reason-
ably clear lines of sponsorship, policy guidance , direction , and funding support.
The same is true of EM-Power organizations responsible for system integration.
This is not true for systems/equipments. The individual project or acquisition
manager makes his own EM-Power decisions. This multiple independence leaves no
one responsible for general sponsorship, policy guidance , direction , and funding for
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general EM-Power technology for systems and equipments. One result is that there
is no state-of-the-art capability in any of the SYSCOMs in EM-Power as related to
systems and equipments. The onl y capability in the Navy resides at two facilities
whose management has supported the necessity for this technology. Another result
is that the same mistakes are repeated over and over again by the Navy and Navy
contractors because the corporate memory is not centralized. The results of this
diffusiveness are strongly felt by the more centralized platform and integration
organizations. In working with problems across the electrical interface, they have
to work with scores of people with little knowledge of the current technology . [‘ew
interface problems are resolved unless they can be resolved completely on the elec-
trical side of the interface or in a single system or equipment. This situation makes
it difficult to establish , maintain , and effectively use the technological capability in
EM-Power related to systems and equipments.

ACTIVITY

a. * The Navy risks losing its EM-Power technological capability unless management
action is taken to capture on a periodic basis graduate engineers with state-of-the-
art power electronics training.

b. * Adequate sponsorship and funding of EM-Power technology are needed to maintain
a state-of-the-art capability in EM-Power. For systems and equi pment , there are no
coordinated sponsorship and funding channels in EM-Power. This is wastefu l of
resources and places additional burdens on the platform EM-Power technical
community.

STATE OF EM-POWER TECHNOLOGY
There has been a rapid expansion of EM-Power technology in recent years. Aerospace

and DoD needs have continued to drive the technology to some extent . but a major new
thrust has occurred because of the new emphasis on power and energy needs arising fro m the
world energy crisis. The availability of iiew components from other technologies , as well as
improvements in power components , also has had a major impact. This has resulted in new
challenges and new funding sources. At the same time , graduate training in the field has in-
creased , the literature base has increased dramatically, and employment opportunities for
those working in the field have increased. One result has been a breakthrough in modeling
and analysis , which has opened up the possibility of new circuit approaches and new power
system architectures , which in turn have stimulated the need for new components. These
topics are discussed and then related to the various EM-Power issues. In general , the technolo-
gy to solve most EM-Power problems is available but not necessarily in the Navy or at many
Navy contractors.

CAPABILITIES
The Navy EM-Power technical capability is located in the 10 organizations shown in

table S-S. Four of the seven CNM-cornmanded laboratories and centers have some technical
capability as well as N R L  and CEL. The remaining technical capability is in five support func-
tions to the NAVA I R.  NAVS FA . and NAV EAC SYSCOMs.
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TABLE S-S. PRIMARY EM-POWER MISSION/CAPABILIT Y

System
Research and Test and Integration

_________________ 

Development Evaluation (RDT&E)

NADC Aircraft Power Aircraft Power Aircraft
DTNSRDC Shipboard Power Shipboard Power Ships/ Submarines
NOSC Electronics — Multiplatform , EMX
NUSC — — Submarines
NRL Aircraft Power — —

CEL Shore Power Shore Power —

NAVSEC Shipboard Power Shipboard Power Ships/ Submarines
NATC — Aircraft Power —

NAFI Electronics * Electronics * —

NWSC Specifications — —

NSWC EMP EMP —

*lncludes pilot and limited producti on and depot maintenance.

As shown in figure S-2 the various organizations working in EM-Power are concerned
primarily with the electrical side of the power interface, or they are concerned primarily as
users of electrical power on the electronics side of the interface, or they are concerned with
system integration of electronic/electrical loads with the electrical system and with other
systems.

The platform/electronic integration emphasis of the 10 organizations is shown in
figure S-3.

The missions/capabilities of the ten organizations are shown in table S-S along with
the NSWC/WO who have EMP capability.

The Navy capability in many areas is dependent on one or two key people. The EM-
Power capability would be lost to the Navy facility if these key people were lost. (This is not
unusual in EM-Power. It was found to be true also of the universities and most contractors.)
Details of the existing Navy capability and needed capabilities are given in appendixes B and
C.

The leading government agency in EM-Power is NASA.
The status of R&D activities in the various government agencies activ e in the field is

discussed in the Inter Agency Advanced Power Group (IAPG ), a group existing for the sole
use and benefit of the government.
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Figure S-2. Electrical power electronic interface.
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Figure S-3. EM-power capability , charters , and responsibility.
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SPECIFICATIONS AND STANDARDS
The Navy procures its materials by means of contractual documents. In these docu-

ments , it is necessary to describe the requirements placed on the procured material and the
methods used to determine that the requirements are met (quality assurance). Specifications
and standards are used to describe the requirements and the quality assurance provisions
placed on the material by the contract. Usually a top-level specification , unique to the prod-
uct being purchased , is used that calls out general specifications and standards in a hierarchy
arrangement. This use of general specifications and standards is efficient in communicating
the characteristics of the wanted material. It is also efficient in obtaining effective contrac-
tual control since the standard is, at least in theory , the quintessence of the Navy ’s experience
over a period of years with many contractors in describing the shipboard ac electrical power
interface in contractual terms.

Reviewing EM-Power specifications and standards from the system viewpoint revealed
many serious problems with current Navy specifications and standards. These problems in-
cluded mismatch of conjoint specifications and standards , lack of coverage of important inter-
face parameters , mismatch between the technology being used and the specification or
standard , requirements in the specifications and standards forcing poor design practices , lack
of technical guidance , lack of contractual control , and lack of adequate data requirements.

Several reasons were found for the above situation. In some cases, lack of good tech-
nical solutions makes writing adequate specifications and standards impossible. Lack of tech-
nical data makes defining realistic limits difficult. In other cases , Navy personnel with the
technical knowledge have no responsibility, time , resources , or motivation for assuring that
specifications and standards are technically adequate. The responsibility for assuring that
conjoint specifications and standards match is unclear. Finally, there may be general agree-
ment as to what should be done, but nothing seems to happen. This is usually caused by a
hierarchy of priorities and a lack of sufficient resources to work on anything but the top one
or two priorities.

The impact of all this is that the project manager has to tailor , in his top-level specifi-
cations, the EM-Power aspects of the general specifications to assure his system is properly
specified to work in the EM environments of ships and aircraft . Most of the tailoring deci-
sions need to be made in the concept phase for inclusion in validation phase documents. The
relationships are shown in table S-6 . This report discusses some of the needed tailoring in
appendixes F and F.
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FINDINGS , CONCLUSIONS , AND RECOMMENDATIONS
The findings and conclusions of this report in relationship to the stated goals are to be

found in the Issues table , S-4, under the Status heading. The recommendations are under the
Activity heading in the same table. The activities not marked by an asterisk are underway
and should be continued if the goals are to be reached. Funding for this should be maintained ,
increased , or decreased on the basis of a) the priority of the goal , b) the priority of the ap-
proach , including synergism with other issues, and c) progress in relationship to interacting
programs. The activities marked by an asterisk have not been initiated or have been only
partially initiated. They are inputs into the normal Navy R&D and acquisition process. The
issues in relationship to the statement of work requirements are indicated in table S-7.

In general , the technology to solve most EM-Power problems is available but not
necessarily in the Navy or at many Navy contractors. The capability of Navy labs with respect
to analysis is considerably behind the state-o f-the-art. The ability to measure is good but is
being overtaken by events. The specifications and standards are inadequate in several signifi-
cant areas both by themselves and , especially, in relationship with other specifications.

Finally, this document is unique in the way it pulls together the status of EM-Power
in the Navy. It has several weaknesses in both content and expression. These can be strength-
ened in later revisions. It is recommended this report be revised periodically to serve as a con-
tinuing basic re ference.

TA BLE S-7. ISSUES RELATED TO STATEMENT OF WORK

Capability
to Calculate ,
Measure and
Anal yze and

State of Correct EM . Specif ications
Issue Technology Power E3 and Standards

I .  Discontinuity of Power X X X
2. Electromagnetic Pulse X X
3. Pulse Loads and Harmonic Currents X X X
4. System Stability X X X
5. Structure Currents X X X
6. Common Mode Noise X X x
7. Signal Grounding X x x
8. Selection of Input Power X x
9. Contractua l Control X

10. Analysis X
I I .  Testing X
12. Data and Data Bases X X
13. Volatility of EM-Power Capability X
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1.0 INTRODUCTION

1. 1  AUTHORITY AND OBJECTIVE

On 12 April 1976 , the Chief of Naval Material requested that the Tactical Electromag-
netic System Study Action Council (TESSAC)

(a) Investigate the state of technology in Electromagnetic Envi ronmental (EME) ef-
fects relative to Navy aircraft and ship platforms.

(b) Determine SYSCOM and Navy laboratory technical capabilities to calculate ,
measure , analyze , and correct equipment , system , and platform EME deficiencies.

(c) Examine the adequacy of current Navy specifications and standard s in EME.
(d) Develop for the Naval Material Command detailed plans which ensure that the

deleterious aspects of EME are adequately considered in the acquisition process.
(e) Develop a program for research and development to improve knowledge of the

electromagnetic environment )” 1

In response to the CNM request , a technology task was formed , oriented toward the
EME disciplines of electromagnetic compatibility and electromagnetic interference (EMC/
EMI), electromagnetic vulnerability (EMV), electronic countermeasures and counter-counter-
measure s (ECM/ECCM) . electromagnetic pulse (EMP), safety, and EM-Power. A technology
team with a team leader was established for each EME discipline)”~

Each technology team was given the statement of work to respond in report format
to (a), (b), and (c) above, in addition , information for (d) and (e) was to be provided.

This report meets the statement of work requirements for the EME technology disci-
pline of EM-Power.

The ultimate objective of this work is to improve the capability of Fleet aircraft and
surface ships in performing their missions in various self-induced and externally imposed
electromagnetic environments through improved specifications and standards , improved ac-
quisition procedures , and improved ability of the Navy to avoid and correct EME-re lated
problems.

1.2 SCOPE/DEFINITIONS

EM-Power is the TESSAC name used for the subset of electromagnetic compatibility
(EMC), electromagnetic vulnerability (EMV), electromagnetic pulse (EMP), and sa fety disci-
plines related to the platform electrical power system and the interface between the electri-
cal power system and other electrical and electronic systems and equipments. Because the

I - I .  Naval Material Command hr MAT 034/RBB , ELEX 095/RCW , subj TESS Action Council Report ,
12 A pr 1975.
1-2. Naval Materia l Command ItrTESSAC /RCW 97-095 , 24 Jun 1976 , subj TESS Action Council ,
24 Jun 1 976.

1-3. Statement of Work for TESSAC Technical Teams , 28 Sep 1976.
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signal ground of electronic systems is usually the power supply secondary ground in elec-
tronic equipment , the EM-Power discipline also includes signal grounding topics.

There are several reasons for separating EM-Power from the other EM disciplines in
TESSAC. Electrical power is totally unique in that it is essential for all I S mission areas of
Fleet units as defined in the Naval Combat Readiness Criteria . 1 Degradation of electrical
power by conducted and radiated electromagnetic interference is a widely recognized prob-
1cm. However , by training and emphasis , most EMC engineers are poorly equipped to
handle many of the special prob lems associated with EM-Power , most of which occur at fre-
quencies below ISO kHz and may require a background in control theory. For this reason ,
specialists in power and power electronics are the repository for most of the specialized
knowledge in this field. Separating EM-Power from the parent TESSAC disciplines recog-
nizes this fact and facilitates identifying the specialized capability in EM-Power in the Navy.

If EM-Power were not a separate TESSAC discipline , it would be a subset of EMC with
special topics in other disciplies (table 1-1) .

TABLE 1-I .  TESSAC /EM-POWER INTERRELATIONSHIP

_________ 
EM-POWER PARE NT TESSAC DISCIPLINE

I . Radiated and conducted emissions on power lines EMC
rela ted u, power line frequencies , harmonics , and
switching-mod e power conversion frequencies. These
are usually in the range of dc to 100 kHz .

2. Radiated and conducted susceptibility on power EMC and EMV
lines , and at freque ncies below l00 kI -lz.

3. Signal grounding and common mode signal EMC
interference.

4. Electric shock hazard EMC and Safety

5. EMP effects EMP

6. Lightning EMC , Safety, and EMV

7. Syste m stability and stability-related interactions. No TESSAC discip line. Usually a
topic in control theory.

8. Continuity of power and protection of power Usually a topic in electrical power
source, system design and in reliability

theory (redundancy). Some as-
pects might be in EMV .

9. Control and protective signal interactions. EMC

14. OPNA VI NST 3501 .2D , OP-643C , 24 Jul I 974: from: Chief of Naval Operations , subj : Naval Com-
bat Readiness Criteria.

1-2
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The TESSAC EM-Power task specifically addressed only aircraft and surface ship plat-
forms; however , if a capability developed for submarines , satellites, etc., was found to be
applicable to aircraft or surface ships, it was to be included. For example , the EMC pre-
diction methodology used in the TRIDENT program 1 ~5 was developed for use on a subma-
rifle system but could be used for a surface ship, aircraft , satellite , or missile.

TEMPEST topices and red/black separation , while important topics for those working
with EM-Power , were excluded as being out of scope.

1.3 APPROACH

The EM-Power task was performed by an EM-Power Technology Task Team , an EM-
Power workshop, and a two-mai ’ team that visited various facilities with EM-Power capabil-
ity. Table 1-2 lists the EM-Power team members, the workshop participants , and the visiting
team.

The EM-Power Technology Task Team consists of a cross section of the Navy ’s senior
technical personnel in the EM-Power discipline. Its function was to provide leads to the in-
formation needed by the task , provide information , and review the final product for techni-
cal accuracy, credibility, and completeness.

The workshop also provided information , especially with respect to research and devel-
opment needs , and served as a forum to discuss TESSAC EM-Power issues and resolve any
potential conflicting viewpoints. The workshop was use fu l by itself , independent of TESSAC
outputs. It was the fi rst time in recent years that the Navy EM-Power community had met

The function of the two-man visiting team was to add credibility to the task b y observ-
ing capabilities in person and by talking to working engineers about TESSAC EM-Power
problems. The visiting team members are also the authors of this report.

In addition to the team members and workshop attendees , the three persons listed in
table 1-2 as other contributors made substantial contributio ns by supporting the task and
sharing their knowledge of EM-Power topics or reviewing the report.

1.4 PRIORITIES

A repOrt ’”6 preliminary to thi s report identified the platform / equipments / systems
and electromagnetic environment s of concern to EM-Power and ranked these concerns by
priority. The priorities from that report , which is reproduced in its entirety as appendi x A
of this report , are summarized here .

1-5 NAVSHIPS 0900-078-10 10 Rev C, T RIDENT Submarine Command and Control System ‘MC Con-
trol Plan , 10 Oct 1975.
1-6. TESSAC EM-Powe r Task , Platform /Equi pment / System/ Envir onment Prioritie s, Preli minary Rep ort ,
Rev C, 22 Jan 1977 , enclosure (2) to NELC ltr 3900, JF:bw , ser 4300-20 , 2 2 Feb 1977.

1-3

L— __________ _ _  ----—--—-- --
~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~-——-~~--~~ 
-

~~ 
----- —

~~~~-.—~~~~--—



---- ~~~ --- - — ..-,— --—-- -
~~~~

—--- —
~~~ 

-,.-—----.- ---— —.-- --
~~-- --

~~ 
—--.- -- -.

.--—-- -. -,-, ‘--- . - __,_~~~~ 
.- .------ --- -,-----——- - - -----

TABLE 1-2 . TE SSAC/EM-POWER CONTRIBUTORS

TESSAC EM-POWER TECHNOLOG Y TASK TEAM

J Foutz NOSC , San Diego Code 9234 AV 933-2752 ( Leader)
PJ Johnson NUSC , New London Code 344 AV 636-2626
JH Jentz NAFI . Indianapolis Code 835 AV 724-3927
JD Segrest NADC . Warm inst er  Code 6073 AV 44 1-2406
JO Koeg el/
G Danks NATC , Patux ent  River Code SY6O AV 3564701
BJ Wilson NRL . Wash DC Code 5210.3 AV 297-3357
FL Henrickson NAVSEA , Wash DC Code 61561) AV 222-6062
CR Youn g DTNSRDC , Annapolis Code 2781 AV 281-2467
R Van Winkle /
R Plew NWSC , Crane Code 3032 1 AV 482-I 633
E Giorgi/
JL Brooks CEL , Port 1-lueneme Code L62 AV 360-5690

OTHER CONTRIBUTORS

Wi Prysner NUSC, New London Code 41 AV 636-2379
HR Boroson DTNSRDC. A nnapolis Code 278 AV 281-2857
1) McQueeney NUSC. New London Code 344 AV 636-3434

TESSAC EM-Power Workshop Participants
15 . 16, 17 March 1977

Naval Research Laboratory, Wash DC

JD Segrest NADC, Warminster Code 6073 AV 441 -2406
CR Young DTNSRDC , Annapolis  Code 2781 AV 28 1-2467
V Pugli ese DTNSRDC , Annapolis  Code 278 1 AV 281-2467
J Foutz NOSC , San Diego Code 9234 AV 933-2752 ( Leader)
J. Henry NOSC , San Diego Code 9234 AV 933-2752 (Asst

Leader)
PJ Johnso n NUSC , New London Code 344 AV 636-2626
BJ Wilson N R L , Wash DC Code 5210.3 AV 297-3357 (Host)
JL Brooks CEL , Port Hueneme Code L62 AV 360-5690
JR [b lu er NAVS EA , Wash D(’ Code 6156D AV 222-6062
G E)anks NATC. Pat uxe n t  River Code SY6O AV 3564701
JR Jej- it z NAFl , Indianapo l is  Code 835 AV 724-3927
R Plew NWSC , Crane Code 3026 AV 482- 1633
LC Mart in  Lawrence Livermore Observer

Laboratory

VISITING TEAM AND AUTHORS

J Font , . NOSC , San Diego (‘ode 9234 AV 933-2752
J Henry NOSC. San Diego (‘ode 9234 AV 933-2752
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Electric power is totally unique in that it is essential for all IS mission areas of Fleet
units defined in the Naval Combat Readiness Criteria)4

The maxim um impact upon mission areas in EM-Power occurs when continuity of
power is lost . This is most likely to occur during combat operations where EME effects are
the greatest , battle damage may occur , and there is a possibility of an electromagnetic pulse.
The effect on mission capability resulting from even a momentary loss of power can be
traumatic. Therefore, EME effects that can result in a loss of power have the highest priority.

EME situations that place the greatest dynamic load on the power system are the next
priority. Again, this usually occurs during combat conditions and has the greatest effect on
mission areas when the effects of the dynamic loading of the power system cause degradation
of susceptible equipment. The major dynamic loads are large motors , electrical actuators ,
radars, sonars and pulsed high-power ECM, and high-energy weapons such as lasers.

The sensitivity of equipment and systems to power variations is also an important
priority. There is no generic way to define sensitive equipment , but equipments employing
digital data processing and automatic controls are of special interest because of their in-
creasing use and their impact on mission capability when they malfunction.

1.5 INTRODUCT ION SUMMARY

For the TESSAC discipline of EM-Power , this report identifies EM-Power issues, dis-
cusses the state of EM-Power technology , identifies Navy capability in EM-Power , and dis-
cusses the adequacy of specifications and standards related to EM-Power. EM-Power is the
TESSAC name for the subset of EMC , EMV , EMP , and safety related to the platfo rm electri-
cal power system and the interface between the electrical power system and other electrical
and electronic systems. It also includes signal ground topics.

The investigation was made through a TESSAC EM-Power Technology Task Team of
10 members fro m Navy activities involved with generating and using electrical power on
aircraft , ship, and shore platforms. A workshop with 13 participants from the same areas
was also used. Visits were made to Navy facilities with EM-Power capabilities.

To give focus to the study, priorities with respect to function , platform , and environ-
ment were established. The highest priority is any electromagnetic environment that can
cause loss of power on Navy missions. These environments are most likely during combat
conditions and include an electromagnetic pulse .

1-5
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2.0 EM-POWER ISSUES

Issues, as used in this report , are EM-Power topics that a planner , m anager , system de-
signer , user , etc., should be aware of to minimize problems , risks , and costs and to maximize
the probability that his system or equipment will perform its mission in the electromagnetic
environment. Thirteen EM-Power issues are described , the status of each issue is given , and
the implications for acquisition and R&D activities are discussed.

2.1 DISCONTINUITY OF POWER

DESCRiPTION. Electrical power is essential to all 15 mission areas of Fleet uni ts (mis-
sion areas are listed in enclosure (3) of reference (1-4)). Thirteen of these mission areas in-
volve either surface ships or aircraft or both. Without electrical power, these missions either
cannot be perform ed at all or are severely hampered .

This is only part of the problem since restoration of electrical power does not necessar-
ily immediately restore full mission capability. Reference 2-I reports on the results of a
survey of 37 Pacific Fleet ships asking for information about the frequency, criticality, and
effect of momentary loss of power upon ship mission capabilities. Many equipments suffe r
performance degradation for extensive periods of time (up to 20 hours) befo re they recover
full operational capability. Table 2-1 summarizes the recovery times for the 65 equipments
investigated.

These equipments affect mission capabilities such as: loss of aircraft carrier ability to
marshal aircraft , loss of precision landing control , aircraft identification , detection and track-
ing, fire-control coordination , missile firing, intercept control , ECM coordination . CIC data
link , tactical displays , and navigational inputs to ship and aircraft . Loss of these mission
capabilities has potentially serious effect on the ship safety and mission if the electrical
power interruptions occur at a critical time. These interruptio ns occurred an average of 2.4
times per mou th for underway ships. Forty percent of the interruptions resulted in load
equipment damage , degradation , or excessive downtime.

The problems with power interruptions on aircraft can be similar and equally severe.
Even though the power interruption is usually shorter on aircraft , typically less th an 50
milliseconds on switchover , the aircraft requirement for small size and lightweight equip-
ments puts a practical limitation on the energy storage capability of each aircrat ’t equipment
power supply.

2-1 . Chief of Naval l~~velop ment , Navy Technology Project ions , Part Ill , Advanced Systems Concepts,
Improved Continuity of Shipboard Power , 1 Oct 1971.
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TABLE 2 -I .  RECOVERY TIME OF SHIPBOARD ELECTRONIC
EQUIPMENT FROM MOMENTARY POWER —

INTERRUPTIONS (POWER RESTORED IN LESS
TI-IAN 3 TO 30 SECONDS)

T IME RANGE TO
TIME RANGE TO ACHIEVE FULL

RETURN TO EQUIPMEN T
OPERATION PERF ORMANCE

EQUIPMENT TYPE (MINUTES) (MINUTES)

ECM 3 60

RADAR PPI 3 30

SONAR(FC) 5 5

SONAR I -30 5-30
RADAR (TRAFFIC CONTROL) 3-15 60
NAVIGATION EQUIPMENT 45 -240 60-1 200

(3/4 .4 h) (l-20 h)
SEARCH RADAR 3-10 5-60
PROCESSING EQUIPMENT 1-180 180-300
RADIO COMMUNICATION EQUIPMENT 1-30 5-30

STATUS. It is unrealistic to assume continuous power on a Navy ship or aircraft ,
expecially during combat conditions when stress conditions are high* and the ship or aircraft
suffers battle damage or risks exposure to an electromagnetic pulse . Power interruptions
occur frequently in normal peacetime operations , and sometimes as an integral part of nor-
mal operations such as the switchover from ground power to aircraft power. Both ship and
aircraft electrical power systems employ redundant power sources in the power system so
that electrical power can be restored rapidly if it is interrupted .

For shipboard power , the redundant power source is either switched in by automatic
bus transfe r units or switched in manually. The limits for power interrupts on ships are
specified as 0.5 to 20 seconds for all power except tightly regulated (Type i l l )  400-Hz
power where it is specified as 0.5 to 3 seconds. 2 2  In practice , the load can be transferred in
50 ms but more often it is allowed to settle before the redundant  source is connected. The

*Duri ng Vietnam operations , ship crews often found sonic solution to ease the problem . For example , one
ship always do-energ ized the sonar prior to firing the ship ’s guns. Circuit breaker /relay bounce caused by
the shock of firing the guns would set up electrical stress that catastrophically failed electronic compo-
nents in the sonar if it were energized. Another ship hardwire d around overly sensitive protective devices
to maintain continuity of power during combat operations. While the original problems were reported ,
the ad hoc solutions that kcpt the ships ru nning during combat were not reported . In some cases, the
ship ’s officers were unaware of the fixes. Thi s information was obtained in off-the-record discussions
by the author with Navy enlisted men on ships returning from Vietnam operations concerning problems
associated with electrical power.

2-2. Department of the Navy MIL -STD-l 399 , section 103. Interface Standard for Shipboard Systems ,
Electric Power , Alternating Currents . I Dec 1970.
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actual power interniption is then about 3 to 1 2 seconds. Some weapon systems use manual
transfe r , since some equipment can be damaged if power is not sequenced on in a specified
order. When the load equipment cannot tolerate an interruption of power , it usually con-
tains internal batteries. For example , the AN/WSN-2 gyrocompass2 3  contains a 28-V bat-
tery that will maintain continuous gyrocompass operation and up to 75 W of vital heading
reference excitation for 30 minutes after loss of power.

In aircraft power systems , the redundant power source is transferred by a break-before-
make contractor. The specification limit for power interruption is 50 ins m ax imu m under
normal operation. Interruptions under emergency conditions may be as long as 7 see-
onds.24’5 When the load equipment cannot tolerate an interruption of power , the equip-
ment usually contains some form of energ y storage (capacitors or battery) or obtains power
from two sources that are always energized and connected to the equipment.  The high-
voltage dc system (270 V dc) 2 6  is being designed to minimize power interruptions and
make it simp ler to provide power directly to a load from two energized redundant sources.

ACQUISITION CONSIDERATIONS. The mission impact of loss of power should be
determined in the conceptual phase. If loss of power cannot be tolerated , a circumvention
concept should be determined. These determinations can then be used to develop system!
equipment specifications. The performance during loss of power should be determined at
each stage in the acquisition cycle , especially at each integration stage . For example , the
impact of a momentary loss of power (as short as 50 ins) in equipment using digital data
processing under software control can be a strong function of the software being used. The
recovery time can range from milliseconds to hours , depending on the software . As another
example , some transmitters key on or change channels when power is interrupted. 2 7  This
could be undesirable during operations requiring emission control. These problems can only
be identified by testing the system response when power is interrupted. Testing for e ffects
of interruption of power at various points in the acquisition processes , including system
integration labs and software development labs, can resolve any problems before software!
hardware is delivered to the Fleet. Even then it is important  to test the effect of loss of
power during simulated combat conditions.

R&D CONSIDERATIONS. Circumvention techniques for loss of power have not kept
pace with other electronic develop m ents. For example , fault-tolerant computing has made
substantial improvements since the JPL-STAR comput er 2 8  in every category except the

2-3. Lipman , IS, The AN/WSN -2 , A New Gyrocompass for a Modern US Navy, paper presented at the
National Marine Meeting of the Institu te of Navigators , San Diego . CA . 4-5 Nov 1976.
24. Department of Defense MIL-STD-704A , Electric Power , Aircraft Characteristics and Utilization of ,
9Aug 1966.

2-5. Departme nt of Defense MI L-STD-704B, Airc raft Electric Power Characteristics , 17 November 1975.
2 .  OR-WSLO4 , Operational Requirement (OR) Advanced Aircraft Electrical System (AAES).
S JuI 1975.
2.7. NE LC TN 2946 , Susceptibility of Electronic Equipment to Power Source , Tests on AN/ SRC-3 1 .
16 J ul y 1975.
2.8. Avizienis. A. et al , The STAR (Self-Testing and Repairing ) Comput er: An Investigation of the Theory
and Pract ice of Fault-Toleran t Computer Design . IEEE Tra n sactions ofl Computers , vol C-20. no I I .
NOV 197 1 , 13 1 2- 132 1.
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way in which loss of power is treated. The hardware developed on the USAF Fault-Tolerant
Computer Program still uses relay contacts for controlling power . 2 9

2.2 ELECTROMAG N ETIC PULSE (EMP)

DESCRIPTION. The response of an aircraft or ship to EMP is complex. As a first ap-
proximation, the EMP pulse can be considered an impulse function that excites a damped
oscilla tory current in the antennas and surface structure of the airframe or hull. The funda-
mental frequency ’s half wavelength is slightly longer than the largest dimension of the air-
craft or ship. However , it contains many higher frequencies associated with resonances with
the platform ’s smaller structures. The energy from this damped sinusoid is collected and
channeled by power cables and signal lines into the electronic equipment enclosures. The
power cables, which run the full length of the aircraft or hull , can be major collectors of the
EMP energy and a major entry port into the electronics. Perhaps more important for ships,
the EMP-generated surface currents can be “hardwired ” into the signal system if customary
ship signal grounding practices are used. This is an unacceptable situation. The coupling
mechanism is discussed in the sections on structure currents (2.5) and signal ground (2.7 ) .

STATUS. A separate TESSAC report on EMP (table 5-1) exists. The reader is referred
to this report for status , acquisition considerations , and R&D recommendations. Special
attention , in both R&D and acquisition , should be given to the signal ground and coupling
mechanism on ships.

2.3 PULSE LOADS AND HARMONIC CURRENTS

DESCRIPTION. The generator systems on both aircra ft and ships are second-order or
higher-order control-loop systems. A step change in load current results in an overshoot or
undershoot of the controlled generator voltage. The characteristic ringing frequency is be- 

- 
- -

tween 0.8 and 25 Hz. If the pulse repetition rate of the load current excites the characteristic
frequency of the generator control loop, a continual response that looks the same as a
limit-cycle oscillation can occur. This is illustrated in figure 2- 1 . which is drawn from the
response characteristics of the 400-Hz ship service generator on the PHM - 1. Modulations at
up to 80 V peak-to-peak have occurred in some systems as the result of a software change
that altered the pulse repetition rate of the load.

Even if the pulse repetition rate does not excite the characteristic frequency of the gen-
erator control loop, the modulation frequency can interact with the harmonic currents
caused by rectification , forming sidebands around the rectification harmonics and thereby
increasing the harmonic voltage distortion of the power system.

A key point to remember is that a computer software change that alters the pulsing
frequency can cause problems in systems that operated satisfactori ly before the software
change. The results can vary from additional glitches in the system resulting from reduction
of design margins to failure of equipment on the power bus.

2-9. Presentation at the San Diego Computer Society of IEEE Meeting, 22 Mar 77 , by Captain Larry W
Kern , Senior Project Manager on Fault-Tolerant Computer Development Program .
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Figure 2-1 . Generator response to load changes.

Harmonic currents are generated when a sinusoidal voltage is applied to a nonlinear
load. Harmonic currents in electronic equipment are primarily caused by the rectification
of ac power and the magnetizing current of iron-core transformers and motors. The mn ag-
netizing current has high harmonic content because of the nonlinear characteristics of iron-
core magnetic circuits. Line unbalance can also generate harmon ic currents.

The effect of harmonic currents in the system is a distortion of the voltage waveform of
the power source through the source and system impedance and a decrease in power factor
because of the presence of harmonic currents in the power system. The distorted voltage
waveform , in turn , can cause problems in electronic equipment and can cause increased
power losses in motors and other magnetic devices and reduce the torque of high-e fficiency
induction motors. The voltage distortion can also cause the excitation of undesirable vi-
bration modes through magnetostrictive effects and other electrical/mechanical coupling
mechanisms.

These effects are considered unacceptable in ship systems. For this reason , basic speci-
fications such as MIL-E-I640 0 and MIL-F-l8870 are being amended to limit harmonic cur- - 

-

rents to 3(4 or less of the fundamental.  In addition , the test for conducted emission between
30 Hz and 20 kHz (CEO I )  of MIL-STD-46 I is being require d more often.

STATUS. Method s used to reduce the system impact of pulse loads (and harmonic cur-
rents) include the addition of active and passive filters to the system , lowering the source
impedance of the generator , modifying the load to reduce or limit pulse loading, and modify-
ing system time constants.

An example of the passive filter approach is a passive filter designed by DTNSRDC and
tested on several ships. 2

~~°

2- 10. DTNSRDC report 76-0049 , Investigation of Shipboard 400-Hz Power System Interface Problems ,
Dec 1976.
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An example ot the active filter approach is an active filter designed by Westinghouse
under NAVSEA direction. 2

~ 
I

More development work is require d on both of ’ these approaches.

The generator impedance is a function of the generator kVA rating and generally is as
low as practical with present conventional technology. A recent example of lowering the
source impedance dra m atically through new technology is the Mark 84 frequency changer
used to convert 60-Hz power to 400-Hz power on USS NORTON SOUND for the AEGIS
AN/ SPY-I radar. N 2 The Mark 84 compensates for a 270-kVA step change in load in less
than 18 electrical degrees of a 400-Hz cycle. The load pulses are still passed onto the ship
service 60-Hz system after some filtering by the Mark 84. but  the lower impedance 60-liz
system is less affected by the pulses.

An example of modifying the load to reduce pulse loading is the AN/ SPS48 radar that
added extra electric and inertia filterin g elements between the cross field amplifiers and the
power system to reduce , but not eliminate , pulse loading. 2~ 3

All-electronic approaches for minimizing pulse loading by modif ying the power supplies
in the load show promise but require more deveIopment . 2~~

4

Computer simulation techniques are being used in the development of the aircraft dc
generators for the Advanced Aircraft Electrical Power System to make sure the generators
operate compatibly with the pulsing caused by the (Ic-to-400-Hz inverter being developed on
the same program.

One of the techniques used to minimize the impact of pulsing loads is to change system
time constants. This can open up attenuation windows in the noise-rejection characteristics
of the system , making the equipment more sensitive to power source characteristics. Shifting
time constants is an excellent solution to the proble m if done correctly with proper testing
(no windows opened tip ) . However , this is almost never the case and this approach, mis-
applied , can be detrimental  to the system.

Various approaches are being employed to red itce the harmonic currents , including the
use of 1 2- and 24-pulse rectification , the use of harmonic tra p filters , the use of larger low-
pass filters . and the use of active techniques that add or subtract power to the line to cancel
harmonic currents (active filters ). These approaches, in general , increase the size , wei ght .
and complexity of the electronic equipment power supply and can cause other problems
such as instability ot the power system or failure in one equip m ent inducing failures in other
equipment. In the case of switching regulator power supplies , the size and weight of the
power supply can double. Better technical approaches than those now being used are needed.

2 - l i .  Spiva k , M , 400-Hz Power Systems and Weapon Systems Electrical Interface Improvement , NAVSEA
Journal . v 23 , no 11 , 34-35 , Nov 1974.
2-12. NELC letter Code 4300 to CDR FE Beck , NAVSEA , suhj : AEGIS Mark 84 Frequency Changer
Technical Risk Assessment. 15 Nov 1975.

2-13. NELC TN 2828.Conversion of400-I-lz Shipboard Electronic Equipment to 60-Hz Electrical Power
Sources, 7 Nov 1974.
2-14. IBM letter 20325/063 to I Fout i . NOSC Proposal for Power Supplies . 30 March 77.
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ACQUISITION CONSIDERATIONS. Pulse loads should be identified in the conceptual
stage of the acquisition process and methods of keeping the pulsing out of the power system
considered. If this is not possible , simulation techniques should be used in the conceptual
stage to determine whether the impact on the power source is satisfactory. Specifications
should control the degree of allowed pulsing and harmonic currents. The system impact
should be evaluated at each stage in the acquisition phase with problems resolved before in-
stallation aboard the platform. The effect of software changes on pulsing characteristics
should be known , with evaluation at land sites prior to incorproation of software changes on
the platform.

R&D CONSIDERATION. All of the present methods of solving pulsing load problems
and harmonic currents are presently marginally satisfactory. They add size , weight , and
complexity to the system and can introduce undesirable failure modes into the system. Gen-
eral methods of modifying system time constants without  opening up at tenuation windows
are nonexistent in practice along with test methods to verify the results. How to better
handle pulsing loads is a major R&D consideration.

2.4 SYSTEM STABILITY

DESCRIPTION. It is possible for the platform power source/load combination to go
unstable in a control theory sen se. Past examples include “load hopping ” between paralleled
generators in ligh tly loaded systems and instabilities from leading power factor loads in
lightly loaded systems. The use ot’ high-efficiency energy conversion techniques such as
switching regulator power supplies is introducing a new type of’ system instabili ty that  can
be expected to increase in the future if corrective action is not taken. High-efficiency power
conversion techniques take from the power source only the power required by the load.
This is illustrated in figure 2-2 , which shows the input  voltage versus input  current I’or a con-
stant power load. The derivation of the input  resistance in the figure shows the input  re- —

sistance to be negative , satisfying a requirement for a negative input impedance oscillator. It
has been shown 2-15 that  adding an EMI filter between the source and a negative input  im-
pedance load can cause the system to go Lmnstab le and , short of that , degrade important sys-
tem parameters such as power supply output  impedance amid the ability of the power supply
to prevent noise iii the sottrce fro m reaching the load. In a similar mar iner , loads using high-
efficiency powe r conversion can interact with the power source control loops , causing sta-
bility problems.

STATUS: The type of negative input impedami ce oscillations described here has oc-
curred in many systems including telephone switchim ig stations . com munication systems,
satellite power supplies, and avionic systems. It appears as either rail-to-rail oscillations .
limit cycle oscillation , or high oscillatory currents on the power source/load interface. The
frequency can range fro m a few Hz to several hundred H z .  It is so little understood by the
technical commtmnity that it is usually attributed to other catmses amid the solution approach
is haphazard . The normal solutions used can substantially degrade the perfo rmamice of the
system , yet this degradatiom i is neither analyzed nor tested .

2-15. RD Middiebrook. Input Filter Considerations in Design and Application of Switch ing Regulators .
IEEE Industry App lication Society Annual Me tt ing. Chicago . IL . October 1 1- 14 . 1976.
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Figure 2-2. Switching regulator input characteristic.

A technical solution has been obtained for the case where an EMI filter is added to the
system , and has been published in the technical l i terature 215 and iii a Mil i tary  Hamidbook . 216

There is, as yet , no equivalent solution for the case where the oscillation is caused by the
interaction of two control loops (ie. a ship service generator and a radar or sonar), although
a start is being made . 2

~~
7

It is important to realize that negative input imp edamice is a characteristic of any high-
efficiency method of ’ power conversion , whether it he motor generator sets , static power
converters . ferroresonant regulators , switchimig-mode power supplies , or switching-mode am-
pli fiers. Since high-efficiency energy conversion has high system payof f s  in reduced energ y
consumption and reduced cooling requirements , it is being used more amid more. Wi th  this
increasing use , more stability problems of this type cart be expected .

ACQUISITION CONSIDERATIONS. Systems usim ig hig. :-’~fficiency power conversiomi
have characteristics requiring new acquisition approaches. For example , analysis and solution
of negative input  impedance oscillations requires detailed knowlcdge of the EMI filter circuit.

2- 16. MI L .I I DP K -2 4 1 A . Design Guide for E M I Reduction in Power Supp lies.

2 -1 7 . Middle b r ook. RD . and S (‘uk , Modeling and Analysis Methods tor DC-to-DC Converters , IEEE Inter-
national Semiconductor Power Converter Cont~rence , Orlando . Florida . Mar 28-3 1 , 1977.
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These filters are usually procured by specifying their attenuation characteristics . which are
meaningless in terms of solving the stability problem. Kmiowledge of the loop transfe r charac-
teristics is also required. Again, this information is seldom provided in the present acquisition
process. In sonic cases, the normal design process is reversed. For instance , where heavy
TEMPEST filtering is required, the design of the switching regulator power supply is heavily
dependent on the TEMPEST filter. Trying to add the TEMPEST filter after the power supply
is designed and concurrently meet TEMPEST and stability criteri a may be im practical. The
same may be true of trying to add EMP protection or additional EMI attenuation after the
fact -

At present. generator control loops are designed and tested for resistive and/or inductive
loads. As used , they may have to power both cap~’ itive and negative impedance loads , a con-
dition they are not usually specified for.

R&D CONSIDERATION. There is no good way of solving the instability problems that
occur between the control loops in power systems and loads. The normal method , separating
systeni time constraints , almost certainly degrades one system or the other. The degree of
degradation is almost miever analyzed or measured. The reason for this situation is unavaila-
bility of practical analytical and measurement tools. R&D is needed in this area.

2.5 STRUCTURE CURRENTS

The three-wire electrical power system on ships is of the floating type. There is no in-
tentional grounding of any of the thre e power lines to the hull anywhere in the ship system.
However , there is capacitance from cacti of the power lines to the hull. Although this stray
capacitance to hull is significant. most of the capacitance is from line to chassis capacitors in
equipment EMI filters. These capacitors establish a capacitive coupled ac ground at each
equipnient that varies in voltage from equ ipmemit to equipment.  When the various equipments ’
chassis are bonded to the hull , these voltage differences are equalized by current flow in the
low-impedance hull. The worst imbalance occurs when single-phase loads are used. These
effects are shown in figure 2-3. The apices (ABC) of the triangle are the vector locations of
the line voltages. The capacitive-coupled ground to hull is indicated by G. The different
location of G at different points on the hull causes structure current to flow.

Electromagnetic fields, electromagnetic pulse effects , and lightning are other sources of
struct tmre current.

Some equipment is directly affected by ctmrrent flowing in its structure : for examp le.  the
ouplers used for very low frequency (VLF) communications.

Structure current can also be brought directl y into active circuitry by “hardwire ” con-
nections. In Navy shipboard grounding practices , it is comnion to connect the sigmial groumi d
to chassis in each equipment.  In fact , MIL-F-l8870E makes this mandato ry for fire-control
systems. It is also mandatory to tie the chassis to the hull. When nonisotated line drivers and
receivers are used , also a common practice , structure currents can be brought directly into the
interface circuits being tmsed to communicate info rmation between equipment.  This mecha-
nism is shown in figure 2-4.

On aircraft . the situation is different. The fotmr-wire ac electrical system and two-wire
dc electrical system are grounded to the airframe with signal ground usua lly floating until
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Balanced Line Voltages and Capacitors

A

CAB

Unbalanced Line Volta ges or Capacitors

C/~~~~~~~~~~~~~~~~~~~~~ B

Single-Phase Load

Figure 2-3 . Capacitive-coupled grounds.

grounded during system integration. The result is that structure currents tend to interact with
the power system instead of the signal system. The power system has been able to tolerate
these structure current effects in the past. Aircraft power systems , which use solid-state de-
vices extensively, may be more of a problem , requiring , as a minimum , the return of power
currents by means of wire rather than the airframe.

STATUS. Structure currents from capacitance to ground can be minimized by stringent-

~~~ ly reducing capacitance to ground, avoiding single-phase loads , and adding isolation transform-
ers between the source and equipment EMI filters. These techniques have little effect on cx-
terna l induced structure currents from electromagnetic fields . EMP , or lightning. The effects
of strtmcture . currents can be minimized by using a pseudohull for signal groundim ig , such as the
partially successfu l NTDS grounding approach , or , much better , by using isolated line drivers
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Figure 2-4. Signal common grounding: conducted interference.

- -or receivers with good common mode rejection (me , the AEGIS ORTS system). — The latter
is probably the only fully satisfactory solution for all electromagnetic environments , yet it is
seldom used in Navy systems.

ACQUISITION CONSIDERATION. On both ship and aircraft equipment , capacitance
from power line to chassis should be minimized by specification limit to values mio greater than
0.5 ~iF , or better yet , 0.1 5 p F .  Th use of single-phase loads on ships should be discouraged or
prohibited. Fiber optic coupling of signals or isolated line drivers or receivers should be used.

R&D CONSIDERATIONS. Low-cost interface circrtits with transformer or optical isola-
tion , meeting standard interface requirements , and/ or low-cost standard fiber optic signal
interfaces need to be developed to make the most satisfactory approach more economically
attractive.

2.6 COMMON MODE NOISE

DESCRIPTION. Electromagnetic energy impinging on signal cables induces common
mode currents in signal lines and returns. The effect on the system depends on the magnitude
of the induced signals and the common mode noise rejection of the signal driver , receiver ,
cable , and grounding configuration. In a poorly designed system , the common mode signal is
converted to differential mode and acted upon as a valid differential signal. Recent examples
include the pegging of indicator meters in shipboard engineering stations and .he shutdown of
power inverters when a ship HF transmitter was keyed.

2-18. Automation Industries Inc. VITRO Laboratories Division Technica l Note 02025.04-I , Cable lnstalla-
tion Practices , Considerations for Cable Selection and Design of Installation for Shielded Cables to Achieve
Maximum Per formance and Electromagnetic Compatibility. Sept 1976.
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STATUS. Virtually none of the standard digital interface circuits used in the Navy are
specified for common mode noise rejection. The requirement is seldom stated in detailed
specification. MIL-STD-461 presently contains no common mode testing, although common
mode tests are being developed for future issues. At present , the Navy depends almost en-
tirely on the contractors ’ kimowledge and good intentions for any common mode noise re-
jection it gets in its systems. Table 2-2 shows the results of a review of interface specifications
and standard s for common mode noise rejection.

TABLE 2-2. COMMON MODE NOISE (CMN) REJECTION IN STANDARDS AND SPECIFICATIONS

STANDARDS CONTROL OF CMN

RS-232-C(EIA) Interface between data terminal equipment None
and data communication equi pment employ-
ing serial binary data interchange

MIL-STD-1397 Input/output interfaces, standard digi t al None
(SHIPS) data , Navy systems

MIL-STD-l88 Common long-haul and tactical Immunity specified for balanced low -
-100 communication level digi t al interface none for

unbalanced low level none for high
level

SPECIFICATIONS

MIL-M-28787 Standard Electronic Module (SEM) program None for five interface modules --

(NAVY) modules (Seven interface modules , five re- immunity specified for two interfac e
ceivers , and two drivers were reviewed) receivers

ACQUISITION CONSIDERATIONS. Cotiimon mode noise rejection criterial should be
determined in the concept phase amid incorporated in the system specifications. Common
mode noise rejection should be demonstrated by test on prototype and production hardware .

R&D CONSIDERATIONS. The common mode mioise rejectiomi capability of standard
interface circuits should be determined and controlled by specification. When standard cir-
cuits are found to be inadequate , low-cost interface circuits with adequate common mode
noise rejection should be developed. R&D may be required to determine what is adequate
common mode noise rejection in the EM environment , including EMP effects.

2.7 SIGNAL GROUNDING

DESCRIPTION. There are several types ot’ ground in systems: power ground , chassis
ground , shield ground , amid signal ground. The specifications are clear with respect to power
ground. On aircraft , the power systemn is grounded to the airframe , which, on most aircraft .
serves as a return for single-phase ac and dc loads (this may not be desirable in EMP emiviro n-
mcnts or in composite material aircraft). On ships , the power system is ungrounded but will
still operate if one phase is shorted to the hull  because of battle damage or some other reason.
The equipment enclosure on both aircraft ami d ships is bonded to the airframe or hull  for
safety reasons. Shields are single-point grounded or mrml tipoint  grounded , depending on the
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frequency of ’ the signal. With one exception , the specifications are silent with regard to sig-
nal grounding. On aircraft , the custom is to keep the signal ground isolated im i each enclosure
with a single ground point to the airframe being selected durim ig system integration. This
gives considerable flexibility in solving ground problems and appears to work reasonably
well. This custom is not controlled by the general specifications. On ships , the custom is to
ground each signal system to the enclosure of each equipment. MIL-F- 1 8870E makes the
approach mandatory for fire-contro l systems. As can be seen from figure 2-4 , this gives a
path for stnmcture currents to flow into the electronic system , making the equipment highly
susceptible to high EM fields , lightm iing, and EMP unless isolated line drivers or receivers are
used to break up the current paths. There is no general requirement to break up these signal
ground paths with isolation circuits.

STATUS. Ctmrrent ship board practice amid specifications force a signal ground configura-
tion on ships that invites damage amid malfunctions in high EM environments. This is a critical
problem that can degrade equipment operations under normal enviromiments amid can incapaci-
tate equipmem it in high EM emivironments.

ACQUISITION CONSIDERATIONS. Grounding philosophy should be determined in
the conceptual phase and be consistently controlled in the detailed specification. The p roject
manager will have to determine the signal ground philosophy, since the general specificatiom i s
are silent or force poor design practice. Some existing equipments may be incompatibl e with
a rational grounding philosophy, and special though t will have to be given to these equipments.

R&D CONSIDERATIONS. A technically sound amid consistent signal grounding
philosophy for aircraft and ships needs to be developed and reflected in the general
specifications.

2.8 SELECTION OF INPUT POWER

— DESCRIPTION. While not directly related to EM-Power , the type of input power se-
lected for electronics can greatly affect system weight. In gem ier al , power should be used as
generated on the platform or system tradeoffs should be initiate d to support ami y other
approach.

• For ships , this means 3-phase , 60-Hz , 440-V ac. Three-phase because using single-phase
power increases structure currents as previously discussed : 60-Hz imistead of 400-Hz because
of the weight cost of making the 60- to 400-Hz frequency transf ormation. The weight sav-
ings shown in figure 2-5 is for older technology. Present techmio logy uses switching regula-
tors which are frequency independent and the use of 400-Hz in preference to 60-Hz ac results
in no additional weigh t savings : however, the weigh t cost of the frequency changers
remains . 2

~~
9 Using 400-V ac instead of 115-V ac avoids the employment of a stepdown

transformer which , if needed , is best used in the electronic systems to give better EMI
control.

2- 19 . NOSC TD 107 . Reductio n of Shi pboard 400-Hz Power Require ments , by E Kamm and J Foutz ,
16 May 1977 .
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For aircraft , avionics should be designed to operate from 3-phase, 200-V ac or 270-V dc.
In this way, the same equipment can operate from present aircraft ac voltage or the new
Advanced Aircraft Electrica l System. H Designing for 270-V dc only adds a small weigh t
penalty (six rectifier diodes) to avionics for present aircraft . Designing f’or ac power . on the
other hand , will add a large weigh t penalty (an invert er is required ) to future  aircraft . The
iniportant point is that , since 270-V dc is the voltage obtained from direct rectification of
11 5/200-V ac power , there is no weigh t or cost pen alty for designing avionics for both.

STATUS. Ship specifications and deviation procedures are beimig modified to make it
more difficult to obtain approval to use 400-Hz ac for electronics on ships.

The Advanced Aircraft Electrical Systeni advance developmeiit design is progressing
with heavy emphasis on generating primary electrical power at 270 V dc. Solid-state in-
verters will supply 400-Hz ac power to avio miics loads that  canmi ot be easily modified to
27O V dc.

ACQUISITION CONSIDERATIONS. Ship electronics should he designed for 3-phase .
60-Hz , 440-V ac power , and avionics for 270-V dc amid 3-phase. 200-V ac power. If other
input  power is desired , tradeoffs should be performed imi the concept phase.
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R&D CONSIDERATION. A standard family of power supplies compatible with ship-
board 3-phase, 60-Hz , 440-V ac and aircraft 270-V dc or 200-V ac is being developed for the
Navy Standard Electronic Module (SEM) Program by meamis of ELEX 304 R&D fu nds. This
family should be completed for shipboard and avionics applications. Some consideration is
being given to dc systems f’or surface ships 2-20 and submarines . 2 2  I The most promising
voltage is 270-V dc (rectified 115/200-V ac) or 1 60-V de ( rectified 115-V ac). The former
is compatible with aircraft primary power : the latter is compatible with I I  5-V ac ship power
ami d commercial power. If dc systems appear promising, selecting omie voltage l’or aI’ p lat-
forms would ease the desigmi of mmmltiplatform electronics.

2.9 CONTRACTOR CONTROL

DESCRIPTION. The contractor is controlled by the terms and conditiom is of the con-
tract. If the comitract requires designs that  do h o t  meet the Navy ’s needs , the comitract . not
Navy needs , has precedence. The importance of t h e  Navy ’s miceds is miot being accura tely re-
flected imi contractual documents. These documents are the comitrac t . the system specification .
the general specifications and standards invoked by the system specification , the data require-
ments, and the approval provisiomis f’or electromagnetic comitrol plans , t est p lans . detailed
specifications . etc. that become part of ’ the contract t ma l re quirememits when approved.

Effective contractor control is best achieved by general specifications amid stamid ard s that
are clear, complete. consistent with each other . accurately reflect the Navy ’s needs , have
adequate quali ty assuramice , and have b u ilt-imi defaul t  values f ’or amiy decisions re ferred to imi
the comitract or systemi l specification. The general speci fications ami d st amidards have developed
over the years with hundreds of people reading them,  Im simig them. asking for deviations and
waivers , and objecting to provisiomis they are umico m fortable with.  The niec lianism for per-
fectimi g the general specif ’mcation s and standards is available evemi though it is not alway s ~f-
fective. The system specifications released as part o~ the validation phase have been
developed in a much sh orter period of t ime amid arc reviewed by a l imni ted  miunih er  of ’ Navy
personnel amid eventually the contractors hid dimig on the contract .  After the award of’ the
contract , electromagnetic control plans . test p lan s . and detailed specifications are reviewed
only by the originating comitractor ami d a few Navy pers omi iiel usually working tmmider t i m .
pressure . The result of ’ this process is tha t  the later in t l e  acquisition contract th a t  contrac-
tual control is achieved , the higher ti le prob abili ty of oversights, gaps , amid mistakes that
work to the detriment of the Navy.

STATUS. Tile general specifications amid stamidar ds as now wri t ten do h o t  su f f i cie m it l y
control EM-Power topics , so that ti le Navy has mio good assurance tl l~ t the product will Per-
form as intem ided itt expected electromagnetic enviromimemits . This places the burdemi on the
system specification developed as ami ou tput  of the validatiomi phase , amid omi the reviewers of
the contractor-generated doc tmme m it s . Simice tile writers and reviewers of these documents
are rarely cognizant of the wide vari ety of EM-Power problems . the risk of errors in j udg-
ment  is hi gh.

2-20. Marc ous . IF , Technical S~rategy Surface amid Submarine Propulsion . Executive SLInm aTy .
DTNSRD C l I r  rpt . 16 March 1977.
2 -2 1 - General Dynamics Electric Boat Division . Presentation t o NOS(’ on SSBN Technoio~ ’ Program .
May 25 . 1977 .
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ACQUISITION CONSIDERATION. Contractual control of EM-Power topics is not
fully achieved through present general specifications and standards. This places the burden
of adequate control omi the system specification generated in the validation phase. This
condition will exist until the general specifications are updated to give sufficient control.

R&D CONSIDERATIONS. Research and development tasks are directed towards
finding better ways for the Navy to resolve its problems amid meet its missions. The find-
ings of R&D , to be effective , have to be imicorporated in a timely manner into the general
specifications and standards. This is often not done. A dependable way to incorporate
knowledge gained in R&D into the specifications and standards used to acquire Navy equip-
ment needs to be found.

2.10 ANALYSIS

DESCRIP1’ION. Analysis is used to predict system performance befo re the system is
built or used in a new application. Simulation, modeling, and amialysis techm iiques are all
available. The advantage of analysis is that problems cami be resolved on paper befo re costly
hardware . that may not perform as desired, is built.  Analysis cami also allow the determ i mi a-
tion of perfo rmance in dit ’ficult-to-create environments such as EMP. Power systems are
complex , nonlinear , often discrete time systems. with widely varying time constamits. In the
past , these systems have been difficult  to analyze. As a consequence, measurement has been
relied upon to the extent  that analysis is l i t t le  used by the Navy EM-Power techmiica l
community.

STATUS. Analysis techniques imi the EM-Power field have made rapid advances imi the
• last few years. The best examples are the subprograms iii the NASA Modeling and Analysis

of Power Processing Systems (MAPPS) . 2 ’22 The MAPPS programs determine stability amid
performance of power conversion equ ipmemi t or systems aiid allow the optimizatiom i of
weight or efficiency of an imidividua i equipment or collection of eq imipnie n ts configured into
a system. Other examples are the desigmi-oriented circuit analysis approach developed at the
California Inst i tute of Technology 2 1 7  amid the EM I prediction technology developed at the
Moore School of Engineering under NUSC/NAVSEC direction . 23 amid t h e  state plane amid
other techniq tmes developed at Duke University . 2 2 4

The problem of digital simulation of systems with widely varyimig t ime constants that
required amia log or hybrid simulation of power systems has been largely resolved 2 25’26 and -
cost-effective digital siniulatiom i is now practical.

2-22. NASA Contract NAS-3-l9690 , Modeling and Analysis of Powe r Processing Systenis (MAPPS) .
Presentation of NASA Lewis Research Center , 3 Feb 1977 .
2-23. Moore School Report 74-03 . Systems Electroma gnetic Compatibility Evaluatio n. NAVSEA Contract
N0oe24-72-C- 1413 , with University of Pennsy lvania . 31 Aug 1973.

-24. Huffman.  SD. et al . Fast-Response Free-Running Frequency-Stabilized DC-to-DC Converter Emp loy-
ing a State-P lane-Trajectory Control Law . Presented at 8th Annaul Power Electronics Specialists Conference.
Pal o Alto , CA , 14 16 Jun 1977.
2-25. B lattner . DJ . Choosing the Right Progr ams for Comiiputer-A ided Design , Electro nics , 29 Apr 1976.
2-26. Owens . HA , et al . Simulation and Anal ysis Methods for Sampled Power Electronic Systeni s. IEEE
Power Electronics Specialist Conference . Cleveland . Ohio . 8- 10 Jun 1976.
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With relatively few exceptions , the Navy EM-Power comm iiunity is not using the state-
of-the-art analytical techniques available. This is also tru e of most Navy comitractors . If the
problem cannot be solved with a handbook and slide-rule approach, a test-modify-retest
approach is usually used by the Navy or its contractors. If an analyt ical approach is needed ,
the Navy usually comitracts it out to a specialty house or the Navy contractor seeks analytical
help fro m other areas in his company.

ACQUISITION CONSIDERATIONS. Accurate analysis techniques are now available
that previously did not exist. This increases the optiomis of ’ doimig trade studies amid optimiza-
tion of concepts during the conceptual phase of the desigmi . The techniques can be used to
derive specification limits. These techniques ~re new and are not yet universally available ,
so there will be an initial learning curv e when they are first imsed. The techniques can be ap-
plied to other nonlinear systems with energy storage or sampled systems. They have already
been successfully used to investigate problems with ion propu h siomi emigines amid ship imiertial
navigation systems. The techniq tmes can be used to better solve existimig Navy probl ems that ,
because of com iip Iexity. have beemi previously solved by the test-modify-retest approach.

R&D CONSIDERAT ION. The new power amialysis tech niques have to be brought into
the Navy and demomistrated as effective in solving Navy problems , amid Navy/ contractor per-
sonnel mt mst be traimied imi their use. The techniques themselves are strong R&D tools.

2. 11 TESTING

~~ $CRIPT ION. Tests are performed for validatimig a hypothesis simch as whether the
equipment will operate as intended or for gathering data needed for some purpose such as
system integration. The former implies that a hypothesis exists amid that  the critical param-
eters for testing that hypothesis have beemi established. The latter implies that correct data
have been measured and are beim i g made available for the imite m ided purpose . Testing is ex-
pensive. It is not unusual for testing costs to exceed the cost of the hardware.

STATUS. T h e  lack of ef ’fective analysis tools imi the Navy has placed the burdemi for
problem solving in EM-Power omi test methods that cat i support the test-modify-ret est ap-
proach to problem solving. As a result , the Navy amid comitract ors have developed specialized
eqtmipment for measitring power systenis. Some of ’ these are described in the capability sec-
tion. The ability to test is the stromigest EM-Power capabili ty the Navy has. Even so, this
ability is being rapidly overt aken by events: the events being the explosion of ’ economically
priced microprocessor-based test instruments  and automated data acquisition systemn s wit h
outstanding testing capabiliti es. Test equipment developed at the cost of over S 100 000 and
occtmpying a 6-foot cabinet cami now he outperformed in many respects by a milicroprocessor-
based instrument weighing I 5 pounds and avail able in a GSA catalog for less than $3000.

The lack of availability of good analyt ical  tools has affected the way EM-P ower tests
are made. In reviewing EM-Power test reports , very seldomii does the report develop analytic-
ally the hypothesis being tested and the critical parameters mieeded f’or decisiom i . As a result .
some test programs never measure the critical par ameters needed to make ratiomia l engineer-

• ing decisions.
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For example , to make a decision on whether the grounding system of figure 2-4 is
satisfactory , or whether shielding helps , you need to measure the equivalent output of ’ the
generator hull current generator G. In reviewing several tests whose purpose was to evaluate
a similar grounding system , about everything but the critical parameter was measured .

The land-based test sites , system integration labs , software development labs , etc . could
be used to determine the response of total software/hardware systems to power anomalies.
The test sites visited could be easily configured to test for loss of power. However , th ’~re ap-
peared to be a strong relu ctance to do this, as if it were semised that this would cause mio~hing
but problems and downtime. As it is , the fi rst knowledge of what happens occurs on the
Navy platfo rm when power is first lost. The Fleet experiences the downtime amid pro hl emiis.

Although the Navy and contractors have the capability to test , the required tests often
are not made because the critical parameters to be tested are missed or onl y appare mitly
tested. For example , although the general specification for shipboard electronics , MIL-E-
16400G . includes transient testing provisions , the equipnient is not require d to operate
normally during the transient conditions that are expected to occur several times per hour
on a ship. The general specification for airbormie electronics, MIL-E-5400R , leaves all testing
requirements to the detailed equipment specifications.

By contrast , the shipboard fire-control specification . MIL-F- l 8870E . does comitaimi a se-
quence that tests all but omi e of the critical parameters that emisure successfu l operation
aboard ship. The missing critical parameter is audio frequency susceptibility , which is only
partially determined by the CSO I test of MIL-STD-46 1: this CSO I test should always be re-
quired , since it detects a frequent fault in power-supply design.

Finally, test data needed durimig system integra tiom i or system modification are not
gathered, not delivere d to the Navy , or not retrievable by those mie e ding it.

ACQUISITION CONSIDERATIONS. The “system emigineeri ng ” miecessary to assure
that proper testing is performed is miot reflected in the general specifications. This work has
to be done during the validation phase that develops the test requirements. Dur ing this
phase, the hypothesis to be tested must be selected and the critical tests determined. T h e
various users of data have to be identi fied and tests developed to provide those data im i the
required fo rmat. Because of the critic ality of loss of power. the impact of this should he
tested in all acquisitiom i phases includi ng equ ipmem it tests, system tests , tests at land-based
sites, tests for software changes , and operational tests in the Fleet. The response to comnion
mode noise is another critical test that is often neglected, yet is important for survival imi
hi gh EM environments.

R&D CONSIDERATIONS. The “system engineering ” for adequate EM-Power testi ng
needs to be accomplished and reflected in the general specificatiomis(M IL-E -l64 00 , M u - F-
1 8870. MIL-E-5400, MIL-STD..454 , MIL-STD-46 l , etc) . Methods for the use of land-based
test sites for EM-Power testing need to be developed and these methods made part of ’ the
test site capability.
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2. 12 DATA AND DATA BASES

DESCRIPTION. Adequate data are needed for all phases of engimleerin g f’rom concep-
tual design to system integration and evaluation of system operation. For example. an
approximate estimate of total electrical power consumption is needed to size the ship or air-
craft electrical powerplamit. Power needs that cannot be satisfied by the basic platform elec-
trical power system mieed to be identified so auxiliary power comiditionimig equi pment such as
freq tmency changers. regumlators , transfo rmers, and filters can be determined. Data on har-
nionic currents and pulsing load currents drawn by individual loads are needed. Data that
allow determination of’ the impact of these harmonic currents and pulsing curremit loads On
t h e  electric power system are needed. Susceptibility data on equipment that describe the
sensitivity of loads to electric power system characteristics such as harmonic voltage dis-
tortion , voltage transients , and momentary loss of power are needed. Models of the elec-
trical power and load system with good parametric data are needed to determine the impact
of waivers and deviations.

STATUS. Data needed for rational engimieering decisions related to sy:~tem integration ,
system changes , engineering change proposals , eval umatiom i of software changes , waivers and
deviations , etc . are j u st miot available. The data needed have u msu a lly beeii measumred at some
time in the acquisition process butt have not been delivered to the governn iemit or cannot be
located by those needing them. T h e  result is expensive ad hoc tests or engimieering decisions
made on inadequate data. Emigineering decisiom is made on insufficient data temid to be ultra-
comiservative , adding weight , size , amid cost to the systeni just to be safe . At the EM-Power
Workshop (table 1-2) . the workshop members emphasized amid re-emphasized that they
needed better data and re t rieval to do their job. The EM-Power task authors spemit a dis-
proportionate amoumit of time looking at the data problem with minimal results because of
the apparent lack of structure imi how data are collected , stored, amid retrieved. The sectiomi
on specifications discusses the shortfall of data requirememits imi specificatiom is and standards.

ACQUISITION CONSIDERATIONS. The general specifications are inconsistent in
their data requirements. The burden for determinim ig what data are mieeded, who mieeds them , • 

-

what form they need them in . where they will be collected, ami d hmo ~ they will he dissemi-
nated must be determined in the acquisition cycle, mnost ly iii the va idatiom i phase. The
penalty paid for lack of adequate data in the acq umisitiom i processes is u ltraconservative en-
gineering and management decisions. The EM-Power field is not a glamoroum s field amid
attracts engineers who are conservative by miature . Mistakes in judgm cm it in EM-Power are
h ighly visible : ie, smoke , fire , noise , destroyed equmipment , systemn dowmitime , loss of ship
electrical power , pilot ejections , etc. The engineer ’s original conservative existential position
is reinfo rced with his increasimi g experience. He develops a very low risk-taking threshol d.
This se qumem ice is um n h ike ly to ch ange amid probably shouldn ’t be changed. The Navy wami ts
solidly designed power systems. However , when there are inadequate data , the decisions
tend to be ultraconservative. That is. the best engineering approach is rejected because it ap-
pears too risky to he a conservative decision maker. There is a so lumtion to thi s ami d that solu-
tion is getting the data needed to make the best decision. The presemi t tenden cy is gettimig
too little data on EM-Power too late in the acquisition cycle to make the best decision. This
can be counteracted in the acqumisition processes by insisting t h e  best available EM-Power in-
formatiomi be obtait ied at each stage of the acquisition processes amid used to make rational
FM-Power decisions.
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R&D CONSIDERATIONS. The “system engineering” for data collection , formatting,
and retrieval should be done. This should be accomplished and incorporated in the genera l
documents such as specifications , contract data requirements lists (CDRLs), and data item
descriptions (DIDs), so that they are mutually compatible. Better methods to get these data
to the users who need the data are imperative.

2. 13 VOLATILITY OF EM-POWER CAPABILITY *

DESCRIPTION. The capability of an organization lies in its people , tool s, resources ,
and organizational structure . The capability can be lost by persominel attrition , obsolescence
of tools , dwindling financial support , or a nonf umnctiona l organizational structure .

STATUS. The Navy has a competent capability in EM-Power but that capability is
highly volatile and could easily be decimated.

The capability resides primarily in the experience ami d knowledge of a relatively few
people who are in organizations with sufficiemi t tools amid resources to support their activities.
These people are primarily in the Iabor itories ami d field activities . not the SYSCOMs. M ost
of these activities were represented in the EM-Power Workshop and have a representative on
the TESSAC EM-Power team (table 1-2). Several of these activities would lose their signifi-
cant EM-Power capability if a few (one to three) of their experienced people were lost
through retirement , promotion , transfe r or death. Probably only three Navy EM-Power
organizations could lose up to three experienced EM-Power people without a major or com-
plete loss of capability. These three organizations are the ship platform electrical power
RDT&E group at DTNSRDC , the ship power design group at NAVSEC . amid the aircraft
power compom iemit systems test amid evaluation group at NATC , Patuxent River. The R&D
capability for aircraft power systems would be greatly affected by a three-man loss. All
R&D capability for EM-Power imi electronics for any p latform would be host it ’ each facility
with such a capability suffered a one- to three-man loss.

The capability is easy to lose.

* The TESSAC technology team leaders were asked to visit personall y each Navy laborato ry facility havim ig
a capability in their disci pline and , from what they observed and learned . iiiake a candid assessment of
the Navy capabilities. This is a jud gniental process that  is hi ghly influenced by the content of a few hours
of observation and discussion and by the biases of the observer. This section contains most of the jud g-
mental assessments of the EM-Power technol ogy task leader. Any of the memiibers of the EM-Power team
would be qimahified to make the same visits and draw jud gments equall y valid as those niade here , Those
jud gments would be different from (hose give n here , at least in emphasis if not in direction. An attempt
has been niade to make this report as credible and factual as possible. This section mixes opinion and
intuition with the facts and the reader is asked to realize this as he reads it. The EM-Power team and
their associates form a group of highl y professional engineers maki ng substantial contributions to the
N avy in EM-Power , often working umider difficult circu m stances. Hearing them discuss their  work . prob-
lems , and common goals was a rewarding experience.
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In assessing the laboratory capabilities , this story was heard several times: “We had the
capability once but when so-and-so retire d his replacement had to struggle to get enough
work to keep the unit going, so when he retire d the unit was scattered. ”

Once lost , a state-of-the-art EM-Power capability is not easy to regain.

At least two laboratories have attempted , with no success , to obtain a capability in
switching regulator power supplies by retraining existing personnel. One laboratory ’s suc-
cessful recapture of a lost capability required the hiri mi g fro m industry of two experienced
engineers at the GS-l4 level and the transfe r of an experienced engineer from another facility.
This is not surprising since it has been estimated that there are only about two dozemi fully
competent power supply designers in the country .2 2 7  EM-Power is not a glamorous field
to most young engineers , so it attracts few qualified professiom ials. It is a complex and dif-
ficult field requmiring a background in mionl imiear control theory , circuits , solid-state compo-
nents , digital control , magnetics , etc. The omily formal training is at the graduate level in a
few universities. These graduates are in heavy demamid by industry. The Navy has yet to
capture a fresh-out engineer with up-to-date trainin g in EM-Power. This mcans that traimiimig
is by on-the-job experience under the few stmch experiem iced emigineers the Navy has and by ad
hoc short courses. Because of resource limitations ami d the inabilit y to attract qualified peo-
ple , these engineers , again with one or two exceptions , are not being trained.

EM-Power investigation capability also resides in analytical amid measurement tools.
However , no EM-Power facility uses modern state-of-the-art analytical tools in their day-to-
day activities although some of these tools are available , and occasiomia lly umsed . at some
facilities.

Measurement tools are generally adequate but are growing obsolete. Funds to replace
them are scarce. The most modern facility is the electric power test facility at NATC ,
Patuxent River. which is a sh ow-case facility , amid the laboratory being developed at NADC
to support the Advanced Aircraft Electrical System. The cryogenic facility at DTNSRDC is
also quite modern .

Except for one or two possible exceptions. funding is a problem for every EM-Power
facility. A large portion of the time and energy of the most experienced EM-Power people
in the Navy Industrial Funded (NIF) facilit ies is spent in searching for funds mieeded for sur-
vival. This is one of the tragedies of the system. Survival is such a major problem that the
most capable people in the organization have to devote major blocks of time to sumrvival issues
rather than solving Navy problems.

The organizational structure for assignimig fum ndin g, tasks , and responsibilities for EM-
Power is complex and the source of many problems. The description of the existing orga-
nizational structure and its problems is beyond the resources amid scope of ’ th is report.

F 2-27. Powe r Supp ly Designers: A Vanishing Breed~. Electronic Engineering Times . Nov 22 . 1976.
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ACQUISITION CONSIDERATIONS. Competent in-house support in EM-Power topics
is scarce and likely to become scarcer in the future unless some better method of supporting
the in-house EM-Powe r capability is devised. This new field is growing rapid ly, with con-
tractors making many errors. Maintaining and effectively using competent in-house know-
how is important to the successful acquisition of Navy systems.

R&D CONSIDERATIONS. A reasonable and consistent level of R&D support is
needed to maimitain and improve an in-house Navy EM-Power capability. Tasks to be accom-
plished include bringing in state-of-the-art analytical capability, replacing obsolete equipment .
making sure advances from the Navy or other sources benefit the Fleet , and recruiting and
training young professionals in the EM-Power field.

2.14 EM-POWER ISSUES SUMMARY

Thirteeo issues in EM-Power are described with status and implications for acquisition
and R&D activities discussed.

The most important issues center around loss of mission capability when you most mieed
it , during combat conditions when stresses on the equipment fro m self-operation amid external
environments are highest. These survival issues include discomiti nuity of power (issue 2. 1) .
EMP environments (issue 2.2), strumcture current coupling modes and susceptibility (issue 2.5) , 

-common mode noise rejection in interface circ umits (issue 2.6) . amid shipboard signal ground-
ing practices of doubtful merit (issue 2.7). Mission capability can be lost for hours by power
interr umptions of a few milliseconds. The EMP emiviro nm emit can result imi a loss of power or
can destro y or couple false infoniiation imito interface circ umits. Structure cumrrem its degrade 

- -perfo rmance margins if not mimi imized or if sensitive equ ipmemit is not desemisitize d. High
EM environments often emiter circuits as a commiion mode sigmial , t h e  impact depem iding on
the degree of common mode mioise rejection. Sigmial grou ti ding practices omi ships invit e prob-
lems in high EM environments.

Other issues center aroumid obtain ing t h e  im i itia l operatiomial capabili ty.  These inc ltmde
system stability (issue 2.4), pulse loads ami d harmonic currents (issue 2.3), and selection of
input power (issue 2.8). The ship and aircraft generators are comitrol loops that interface
with other generators (as when they operate in parallel ) amid with complex loads that  com -m-
ta m other control loops (power sumpp l ies) that may h ave neg ative imiput impedance (h igh-
efficiency power supplies). The total system has to be amid remain stable. Pulse loads can
mimic system instability and pumlse loads and harmonic cu mrr ents can distort voltage wave-
forms to the extent that other equipment is affected. Software chamiges can caum se systemli
malfunctions by changing pulse rates to critical system frequencies. Selectimig the wrong
input power can add size and weight and f’aikmre rate with litt le or mio compemisatimig ad-
vantages. This category also has issues that are described in the loss-o f-missiomi category: ie.
structure cumrrents, common mode noise, and signal ground.
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The final issues center around the effectiveness of getting the job done. These issues
include contractor control (issue 2.10), analysis (issum e 2 .11) ,  testing (issue 2. 1 2) , data and
data bases (issue 2.13), volatility of EM-Power capability (issue 2. 14) , and system engineer-
ing (issue 2 . 1 5) .  Achieving contractor control (the Navy cost-effectively getting what it
technically wants and needs) is unnecessarily complex as presently done. Navy EM-Power
analysis capability generally lags the state of the art. Testing capability has been good but

‘ 
is rapidly being overtaken by more cost-effective approaches . Data and data bases are in-
adequate for the Navy user of data. The Navy capability in EM-Power is mostly in the back-
ground and experience of a few senior people. The capability is diverted by NIF funding
practices and is highly volatile : much of it could be easily lost.
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3.0 STATE OF EM-POWER TECHNOLOGY

There has been a rapid expansion of EM-Power technology in recent years . Aerospace 
—

and DoD needs have continued to drive the technology to some extent but a major new thrust
has occurred because of the new emphasis on power and emiergy needs arising from the world
energy crisis. The availability of new components from other technologies , as well as improve-
ments in power components , also has had a major impact. This has resuilted in new challenges
and new funding sources. At the same time , graduate training in the field has increased , the
literature base has increased dramatically, and employment opportunities for those working in
the field have increased. One result has been a breakthrough in modeling and analysis . which
has opened up the possibility of new circuit approaches and new power system architectures .
which in turn hav e stimulated the need for new components. These topics are discussed arid
then related to the various EM-Power issues.

3.1 IMPACT OF ENERGY CRISIS

Powerplant siting problems and the energy crisis have combined to produce a deteri oration
in the quality of power grids. Blackouts caused by faults or overloads , and brownouts caused
by reduction of voltage to reduce power demand , are becoming more and more commonplace.
They have been common for several summers in New York City and similar areas where summer
demand outstrips the resources of the local utilities. The same situation developed in New
England and California during the oil embargo. 3 ’  Transient voltages outside normal voltage
limits occumr in most utility systems several times a day. Certain critical industrial processes.
communication switching stations , amid computer installations cannot tolerate these conditions.
Table 3-I , reproduced from re ference 3-I , summarizes the impact on commercial computer
installations .3”

The utility companies are pressing technology to improve the situation 3 2  but comiditiom is
will get worse before they get better. Therefore , power users are deve lopim ig their own solu-
tions by designing power supplies less sensitive to power variations and tramisie nts. 33

Uninterru ptible Power Sources (UPSs) are also rapidly increasing in um~e as a so lumtion to the
power interruption problem.3~~’ ~~

Techniques are being developed to combine nomiconventional power souirces such as wind-
powered generators with power from conventiom ial sources powered by oil , coal , or nutc lear
energy .3”5

3-1. US Department of Commerce Report , The Effects of Electrical Power Variations Upon Computers . 1974
3-2. Gyugy i . L., Reactive Power Generation and Control by Thyristor Circuits . IEEE Power Electronics Spe-
cialist Conference Record . 8-10 June , 1976.
3-3. Pioneer Magnetics Catalog No. DP4-76 . Brownout Proof Switching Power Supp lies.
34. Waterman , ii , Uninterruptib le Systems Requirements A Coniparativ e Anal ysis . Powercon I . Beverl y
Hills , CA , 20-22 , March 1975.

3-5. Commit t#~e on Aeronautical and Space Sciences , US Senate: Energy-Related Research and Development.
US Gov t Printing Office, Washington 1974.
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TABLE 3-I . SUMMARY OF ENERGY CRISI S IMPACT ON
COMMERCIAL COMPUTER INSTALLAT IONS*

I H Ill IV

Typical Computer Typical Utility Possible Power Possible Results of
Requirements (at Equip- Power (Delivered at Received (at Equip- Power Problem in
ment Connections) Service Entrance) ment Connections) Column III

Steady- 120/208 volts ± 10 per- 120/208 volts ± 120/208 volts + I per- Output errors , un-
State cent , (+ 10 percen t , 5 percent cent , — 9  perce nt , sched uled shut-
Voltage -8 percent for IB M resulting fro m drops dow n , loss of

mainframes) between service information , costs
and eq uipment of downtime , re-

covery, reruns

Transient No dips or surge s greater Large loads coming With possible lower Errors , shutdown ,
Voltage than 20 percent for longer on-line in vicinity steady-state voltage possible equipment

tha n 30 milliseconds can exceed limits in above , transients could damage , loss of in-
coluni n I drop voltage beyond formation , costs of

limits downti me, re-
covery, reruns

Voltage Most computers will not Comp lete outages Power discontinuities Unscheduled shut-
Continuity tolerate a loss of voltage exceeding 15 mliii- for longer than 15 down , equi pment

for longe r than IS seconds can occur milliseconds damage , loss of in-
milliseconds from power net formation , costs of

switching, lightning downtime , reruns ,
recovery

Frequency 60 Hz ± ½ Hz ** Sudden heavy loads Adequate frequency No effects
can cause a cha nge received at computer
of 5 Hz or more , but
usually frequency is
satisfactory +

*Compiled from discussions with numerous authorities in both the computer and utilities fields
**Some mainframes require 4 15-Hz power
tSudden heavy loads on Navy ship and aircraft platforms oft en cause frequency transient s.
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Other power conversion techniques that aid conservation allow energy to flow from source
to load and , if not used , back to the souree.36

Finally, there is the constant push for increased efficiency in electrical power conver-
sion with switching-mode approaches sumrpassing other methods in high-e fficiency power
conversion .3 7

3.2 NATIONAL AERONAUTICS AND SPACE ADMINI STRATION (NASA)

The nation ’s space programs have alw~mvs needed power conversion techniques that are
optimum in weigh t , efficiency, and reliabil ity. NASA has continually sponsored long-range
university research in this area that has yielded both advances in the technology and highly
trained personnel who have remained leaders in the field.

For example , the series of NASA research grants to Duke University (Dr TG Wilson) ex-
tending over a decade has resulted in approximately 100 published papers in key journals and
in alumni with doctorates and masterates still advancing the technology in industry.

Much of NASA’s experience is being reflected in a current program , Modeling and Analy-
sis of Power Processing Systems ,3-8 that contains a collection of computter subprograms for
designing, analyzing, and optimizing switching-mode power conversion circuitry and total
power systems from source to load.

These and related efforts plus a substantial in-houmse capability have kept NASA the lead-
ing government agency in power electronics.

3.3 DEPARTMENT OF DEFENSE

DoD resources used to drive the technology in EM-Power. This is no honger t h e  case.
With cutbacks in research and development DoD is now following the technology in most areas .
not leading it. The emphasis in EM-Power tech nology varies from service to service. An ade-
quate assessment of Air Force and Army capability was miot made because time and money

F ran out before the necessary visits for a factual assessment of their capability could be made.
Visits to the Air Force Aeronautical Laboratory (AFAL) and the Air Force System Division
(AFSD) at Wrigh t-Patterson AFE , Dayton , OH, were made. No visits to the Army were made.
Based upon the Air Force and Navy visits and the author ’s familiarity with reports and papers
from the three services , it appears (more an informed guess th an a factual assessment) that  the
Air Force contracts more work than the Nav y does and has a much more disciplined and effe c-
tive way of dealing with R&D contractors . However , because of less in-house technical

3-6 . Middlebrook , RD , the Countertran: A New Controller for Traction Motors . IEE E Industry Applications
Society Annual Meeting, Chicago , 11-1 4  Oct 1976 .
3-7. Dilatush , E , Power Supp lies We All Bene fit When Their Efficien cy Increases , EDN , 5 April 1976.
3-8. TRW Twentieth Monthl y Technical Progress Report , Modeling and Anal ysis of Power Processing Sys-
tems , NASA Contract No NAS 3-19690 , 1 Dec 1976.
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capability (years of experience , hamids-om i development ), the Air Force is more dependent on
accepting the contractor ’s technical viewpoint on what ’s best. The Arm y concem~trates pri-
mari ly on power sources (batteries , fuel cells , etc.), which are outside the scope of this report.
In EM-Power topics , it appears (again perhaps more a bias or informed opinion than a factual
assessment) that the Navy leads the DoD in in-house EM-Power technological capability and
yet the Navy technological capability greatly lags the state of the art in most areas.

3.4 UNIVERSITIES

Modeling and analysis techniques have been making major contributions to the state of the
art in EM-Power. The advances in these techniques have mainly been made by a few univer-
sities , former stuidents of these universit ies who went on to induistry or government , or pro-
fessionals closely associated wi th the universities and their graduates. Tracking the work of
these universities and their graduates is an excellent way of remaining current with the leading
edge of the technology in mum ch of the EM-Power field.

Table 3-2 lists the universitie s and professors that the author of this report is currently
using to track the state of the technology in EM-Power as related to power conversion in
electronic systems. This is a dynamic list that will expand.

The members of the EM-Power workshop were asked if they closely followed the work of
or used as a consultant any university or professor not on the list. The only additional name
was a consultant on high-power solid-state devices utsed by DTNSRDC.

— 
3.5 COMPONENTS

This section describes sonic of the advances in components in recent years. No claim is
made that the devices given as examples are the leading devices in the tech nology; they are used
to illu istrate the general range of components available to design power electronic circuits and
systems.

SEMJCONDUCTORS. The understanding of bipolar device physics h a s  progressed to the
point where the feasibility of proposed transistor designs can be accurately modeled. For cx-
ample , the maximuni collector current that can be obtained can be determined for fixed valutes
of h FE, VCE. BVCEO (SUS). and emitter  area. Storage time and forward safe operating area
(SOA) can be modeled. This greatly aids the circuit designer in determinin g whether devices
meeting his circumit requirenient s are possihle.39

Power transistors are available in single-chip junctions (820-mu diameter) with current
ratings up to 1 200 A. *

VCEO ratings to 600 V with 1 00-A collector currents and current gains of 100 minimutm
are available as power darlingtons. **

3.9. Hower . Power Tra nsistor Performance Tradeoffs , I EEE Power Electronics Specialist Conference. Culver
City. CA , 9-I I June 19 . 75.
* Power Tech Inc . 0.02 Fa irlawn Aye , Fair lawn . NJ , 07410 : part number PPSI200 .

** Toshiba/Solid State Incorporated. 46 Fairand St . Bloonifield , NJ . 07003 : part nun iber 2SD647.
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TABLE 3-2. UNIVERSITIES IN EM POWER FIELD

University: Duke University, Durham , North Carolina 27706 (Phone : (9 19) 684-3123)

Professor(s): TG Wilson , HA Owen Jr

Comments: The Duke University program was started by Dr Wilson in 1961. Dr Owens
joined the program in 1970. The progra m is noteworthy because of the length and continuity
of the program (16 years), the number of publications in the field (about 100). the number
of PhD’s trained in the field , and the continuing contribution of their graduates. Duke ’s pro-
gram has been concentrated in four areas: the exploitation of nonlinear mathematical analy-
sis techniques in power electronics; circuit investigations , including increased unders tanding of
existing circuits and synthesis of new approaches; the description , use , and design of magnetic
components; and the development and application of simulation techniques in power electronics.
Dr Wilson was vice chairman of the first Power Electronics Specialist Conference 1970 (then
called the Power Conditioning Specialist Conference) and is presently the chairman of the
steering committee for the conference. Dr Wilson has conducted a number of ad hoc courses
in the field for government agencies.

2.

University: California Institute of Technology , Pasadena , California 9112 5 (Phone : (2 13)
795-68 11 , ext 1822)

Professor(s): RD Middlebr ook , Slobodan Cum k

Comments: The California Institute of Technology (CIT) program was started by Professor
• Middlebrook in 1971 and is an extension of techniques developed and taught at CIT in design

oriented circuit analysis. Because power electronic circuits are exceptionally challenging cir-
cuits , they have been used both in developing the techniqutes and as example problems in
illustrating the power of the techniques. T h e  result has been a rapidly increasing number of
recent (since 1975) papers making major contributions to the design and analysis of power elec-
tronic circuits. The analytical techniqutes chosen preserve t h e  sense of t h e  circumit topology and
start with the simplest analytical model that describes the circuit operation. Analy tical  com-
plexity is then added only the extent necessary to describe the circuit operation to the accu-
racy needed for the intended purpose. Accu irate measur ement techniques have been developed
to complement the analytical procedure . Neither the analytical procethmres nor the measure-
ment techniques are simpl istic butt they preserve the essential sense of the circuit that eases the
acquiring of insight needed for creative circuit design and building upon wh at the designer al-
ready knows. No long apprenticeship in techniq umes is needed before the tools becomrlF use ful .
a shortcoming that some of the more mathematically oriented approaches have. Dr Cui k . who
made a major contr ibumtion in Power Electronics in his PhD thesis . recemitly joined t h e  CIT fac-
ulty.  Dr Middlebrook was Chairman of the 1973 Power Electronics Specialists Conference.
I-he has conducted an ad hoc coum rse in his approach to Power Electronic analysis at the Naval
Ocean Systems Center . San Diego . CA , which was attended by a wide cross sectiomi of the Navy
EM-Power technic al community .
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TABLE 3-2. UNIVER SITIES IN EM POWER FIELD (Continued).

3-

University : University of Pennsylvania , Moore School of Engineering. Philadelphia, PA
19174 (Phone: ( 2 15 ) 243-8 123 1

Professor (s): Ralph M Showers . Kenneth A Fegley

Comments: The University of Pennsylvania Moore School of Electrical Engineering in the
past has modeled complete aircraft power systems in order to evaluate tradeoffs. They are
presently working on a design niethodology for predicting and analyzing condutcted and radi-
ated interfe rence at frequencies associated with power line frequencies and their harmonics.
This is the omily knowm i work being domie in this area in the academic comniutnity out a continu-
ing basis. Portions of the methodology are being used on Navy programs (suich as TRIDENT)
as soon as they are developed amid validated. They are also presently using a model to evaluate
the applicability of MIL-SPECS in naval applications.

4.

University: University of Misso utri . Columbia. Missouri 65201 (Phone: (3 14) 882-3491)

Professor: Rich ard G Hoft

Comments: Dr Hoft initiated their  prograni at the Univer sity of Missouri in 1965 when he
joined UMC after 15 years in the Corporate R&D Center at General Electric , Schenectady.
While with GE he coautthored the fi rst modern book on thyristor inverters (Wiley 1964). This
book was translated and published in Japanese ( 1968) by agreement with Wiley. The power
electronics program at UMC has involved research in a broad area of applications including
electric transportation systems , appliance controls , regulated power supplies , dc and ac niotor
drives , and HVDC. The research has emphasized stability analysis , simulation , optimal control.
and power semiconductor circuit developments. Ten students have completed PhD ’s since
1968. During the past 10 years over $250000 in research support has been received , and more
than 25 techm iica l articles h ave been published. There are two regular course offerings on power
electronics. These are a senior elective titled “Solid State Power Circuits ” and a first year
graduate course titled “Thyristor Power Control and Conversion. ” At present UMC is carrying
on an applied research program in solid-state power comitro l funded by a half dozen industrial
comicerns. The mi lain thr u mst of this program is MS-level research omi miew circutit applications of
power transistor and thyristor devices. Dr Hoff has taught ami ad hoc course at NATC. Patuxent
River. Maryland. on inverters . switching regumlator s . and cycloconverters , and summer short
courses at UMC on ch oppe r controlled dc drives and variable frequten cy inverter - ind tmction
motor drives. Dr Hoft was the technical program chairman of the I E E E 1977 International
Seniiconductor Power Converter Conference and he was honored at the 1977 Power Electronics
Specialist Conference as t h e  fi rst recipient of the William F Newell Award for outstanding con-
tribution s to the power electronics h eld .
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TABLE 3-2. UNIVERSITIES IN EM POWER FIELD (Continued) .

5.

University : Purdue University, Lafayette , Indiana 47907 (Phone: (3 17) 993-3028)

Professor: LL Ogborn

Comments: Purd um e University started its gradu m ate program in Power Electronics a few years
ago. It is cutrrent ly at the master ’s degree level. Dr Ogborn has taught a course in series and
shunt regulator design and a course in switching regulator design at the Naval Avionics Facility ,
Indianapolis , iN.

6.

University: University of Toledo , Toledo , Ohio 43606 (EE Dept Telephone: (419) 537-
2638)

Professor(s): Thomas A Stuart and Add H Eltinischy

Coniments: The University of Toledo started a Power Elcctromiics program in 1975 that
goes up through the PhD level. The umniversity offe rs an on-site masters and doctorate degree
program at the NASA Lewis Research Center in Cleveland , Ohio , where a course taught by
Dr Stuart has been the best attended to date (29 stuidents). Work presently heimig performed at
the university includes externally sponsored work on a phase control regumlator for a super-
conducting machine and internally sponsored work on an inverter f or  ph otovoltaic applications.

7.

University : University of South Florida . Tampa, Florida 33620 (Dept of Electrical Engi mieer-
ing (Phone: (813) 974-2369/2581)

Professor: James C Bowers

Comments: The University of South Florida has no Power Electronics option ~er Se. butt
offers a nummber of electives iii this area. Also , several of the Professors at USF have comisider-
able backgro umnd in this field through sponsored research at USF and cons it lting work. Their
cumulative designs in the power field include: Gemini Inst rumemitation DC to DC Comiverter
and Regulator . GAM 72B Instr ummentation Power Suipply . Quasi Square Wave Inverter. Minute-
man Iii Logic Power Supply, Minuteman lii Memory Power Supply, Viking Computer Power
Supply, Space Shuttle Flight Control Electronics Power Supply, and Biax Meniory Power
Supplies.

In addition , the group has been active in other fields which complement the
Power Electronics design work . The SUPER*SCEPTRE siimmlation programii . very useftt l to
this field as well as many others, was developed by the USF team. Other computer program iis
applicable to the field have been developed. Much work in solid-state modeling for CAD applica-
tions has been done at USF. The models applicable to the power field include the complete
development of a Hi-Power General Purpose SCR model and a wide range of transistors and
diodes. USF is presently completing work on another compumter program which au tom n atical ly
generates the nonline ar state-equations froni a simple component/node listing of the circuit
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TABLE 3-2. UNIVERSITIES IN EM POWER FIELD (Continued ) .

topology . The comiip lete equations are output  along with  a simplified terminal model for the
complex circuit which has been automatically generated by the program. Dr Si Garrett and
Professor HA Nienhaus have teamed with Dr Bowers on niost of these projects.

8.

University : University of Toronto , Toronto , Canada (Phone: (416) 978-2011) 
- 

-

Professor: SB Dewan

Commi~ents: The Power Electronics program at the Umiiversi ty of Toronto is probably the
largest programii . in teriiis of stum dents and financial sttpport . on t h e  continent.  The um iiv ersity
has a sophisticated mod umlar struct u tre laboratory that has beem i used most recently in developing
a 250 hp streetcar motor and a power supply for a 100 kW inductioti heater. Dr Dewan . wit h
Dr A Strau ighien has written a current text book ( 1975) that  is widely used in Power Electronics
grad umat e courses and ad hoc courses on the samiie subject. The analysis approach itses Foumri er
amia lysis extensively

9 .

Um iiversity: Delft Universi ty of Techmiology. T h e  Net h erlands

Professor: FC Schwarz

Comnn iem its: The Power Electronics Labor atory of the Department of Electrical Emigin eer-
imig of the Delft Umiiversity of Techno logy, headed by Dr FC Schwarz . gra dutates about as many
trained Power Electronics specialists each year as the total United States academic communi t y .
None of the : -~ graduates to date works in the USA. Dr Schwarz was tornier ly with the Elec-
tronics Res ’arch (‘enter . Cambridge . Massachusetts , ami d the NASA Lewis Research Center .
Cleveland. Ohio. I-Ic was Chairman ot the 1972 Power El ectromiics Specialist Comiferenc e.

10.

Universi ty : K y u sht u m Univers i ty .  Fuk u mok a . Japan

Professor: Koojuke I lar ada

Comments: Kyu shi u University does research for the Japanese televisiom i industry . The
ut iiversity has done the theore tical analysis of a family o1 swit ch ing regulators th at efficiently
regulate while accomp lishimig all switching at times where the television receiver used is least
sensitive to switc h ing-indu m ce d electrical interference. The approach has potential apph icatio t i
in some systems where comiventi onal switching regumlator circuits might produce unacceptable
electromagnetic interference levels.
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Transistors are available for less than a dollar with 60-V VCEO ratings and 4-A current
ratings , and with switching speeds suitable for 20-kHz power conversions with well specified
safe operating areas.t

V-MOS power FETS3
~~

0 that switch 6 A in less than 10 nanoseconds niake power con-
version at 100 kHz and higher frequencies possible with conventional switching regulator cir-
cuits.3~’ 

1

Thyristors to I 700-V forward blocking voltage with 600-A RMS current are available , as
are devices that handle 2000-A peak sine wave currents at 1200 V and at 5-kFIz frequencies. 3-12

Disc-mounted thynstors to 3100 A and modular assemblies to 7500 A are available.3 ’3

Laser activated thyristors have switched 10,000-A pulsed loads (lOp s pumlse width ) from
I .3-ky lines with rise times of 12 nanoseconds. 3 1 4  Gate turn-off devices , thyristors that can
be turned off at the gate as well as turned on ,3 ’  ~ and field terminated diodes , thyristor-like
devices but with faster turn-o ff/turn-o n and higher dV/dT and dI/ dt ratings ,346 offer new
circuit opportunities.

Schottky-barrier power diodes with less than 10-ns recovery times , forward voltage drops
of 0.6 at 60 A , and bre akdown voltages of 45 V are available and widely used in low-voltage
output switching reguiations.**

Diodes with breakdown voltages of 1 200 V and current ratings of 650 A with recovery
times of less than 1.5 ps are available. ***

High-voltage diodes with ratings of 50000 V and with 150-n s recovery times are available. ***’~

* Some version s of the 2N3055 or similar chi p.
** TRW Semiconductor , 145 20 Aviation Blvd , Lawnda le , CA; part number SP5 I .

*** International Rectifier Corp , Semiconductor Division , El Segundo , CA : 6SIPDL series.
~~~ SEMTECH Corporation , 652 Mitchell Rd , Newbury Park , CA; part number SFESSOK.
3-10. Oxner , E , Wil l VMOS Powe r Transistors Replace Bipolars in HF Systems? . EDN , 20 June 1977.
3- I l .  Electromagnetic Compatibility Optimization of Power Processing Syste m , NASA JPL Contract NAS7-
100 with California Institute of Technology funded by the Naval Ocean Systems Center , San Diego , CA , on
MIPR N0095377MP09018.
3-12. West Code Worl d , House Journal of Westinghouse Brake and Sign al co, LTD. Semiconductor Division .
Issue 2, Winter 1977.
3-13. Westinghouse Semiconductor Crusade , Jan 1977.
3-14. Davis, JR . and iS Roberts , Ultra-Fast , High-Power , Laser-Activated Switches , Power Electronics Specialists
Conference , 8-9 June 1976.
3-15. Becker , HW, and J M Neilson , A New Approach to the Design of Gate Turn-off Thyristors , IEE E Power
Specialist Conference . Culver City, CA , 1975.
3-16. Finke , Ri , et al , A Field-Terminated Diode , IEEE Powe r Electronic Specialist Conference , Cleveland . OH .
8.10 June 1976.
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Complete series pass transistor voltage regulators are available from various sources as
monolithic integrated circumits .317 Typical current ratings are I .5 to 3 A with the flexibility
to add additional components to increase the current by a factor of 10 to 100.

Integrated circuits for switching regulator designs are available. 3~~8

Microprocessors are being used more and more as contro l elements in power electronic
circuits and systems.319’ 32u  The 1976 and 1977 sessions of the JEEE Power Electronics
Specialist Conference featured evening discussions on microprocessor applications in power
electronics.

Fiber optic and optical isolators using gallium arsenide emitters and silicon detectors
have long been used in power electronics in place ot transformers to isolate signal and power
ground for control signals.

PASSIVE COMPONENTS

Alutmin um rn electrolytic capacitors having low equivalent series resistance (ESR) and how
inductance have been designed specitically for switching regulator applications , umsing stacked-
foil and four-terminal construction . 3 2 1

Solid tantalum capacitors can now be reliably used in power supply filteri ng
app hications .3 2 2

Po lyvirmyhidene chloride , a new dielectric, offers ligh ter-weigh t capacitors than wet-slug
tanta lumm capacitors and handles high ac currents. Better knowledge of this new fi lm

3- 17. Mattera . 1. Powering Up With Linear ICs , Electronics . 3 Feb 1977.
3- 18. Mammano . B. Simplif y ing Converter Design with a New Integrated Regulating Pulse-Width Modular;
and C Aswell . A N ew Monolithic Switching Regulation : POWERCON 3. Beverl y Hills , CA: 24-26 Jun 1976.
3-19 . 1977 IE EE Industria l Applications of Microprocessors , Philadel phia . PA; 2 1-23 Mar 1977:

Chen, HH . A Microprocessor Contro l of a Three-Pulse Cycloconverter.
Rajagopalan. V . et al . Microprocesso rs in Thyristor Control App lication.
Singh . D , and RG Floft . Microcomputer -Controlled Single-Phase Cycloco nverter.
u n , AD . and WW Koepel . A Microprocessor Speed Control System.
Erusberger , GW . A Microprocessor-Controlled Positioning Syste m Utilizing Thyr istors in a
Reversible DC Drive.
Burger , P. and S Rouchinsk y, A Microprocessor-Driven Digital Servo System.
Bose . BK . and Ki ientzen. Digital Speed Control of a DC Motor with Phase-Locked Loop
Regulation.

3-20. Vander Gracht . G. and K Mauch . A Microprocessor-Controlled Three-Phase Inverter . Computer Design .
May 1977.
3 -2 1 .  Boinling. I-i . Aluminum Electric Capa citors... Notes on Selection and Application . Solid State Power
Conve rsion. Jan/ Feb 1976.
3-22. Beck , RL . Solid Tan t alum Capacitors in Power Supp l y Filtering App lications . Solid State Power
Conversion. Jan/Feb 1976.
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capacitor and other films such as polycarbonate , polysulfone , and polypropylene has greatly
increased design options.323

New computer optimization programs applying Lagrange multipliers to basic inductor
design equations and nonlinear programming techniques for more complex circuits allow
optimization for weight (given a loss constraint) or for minimum losses (given a weight
constraint) .324

New magnetic materials offer improved magnetic devices. Examples are the amorphous
metal alloys that may give how-cost alternates to power ferrites at perhaps triple the VA
rating.32 5

Solid blocks of ceramic-like materials are available that cami be used as transformers,
filters , capacitors , delay lines , or pulse forming networks. They are being used commercially
in thyristor firing circuits but offer many possibilities including, when combined with amor-
phoum s semiconductors , solid-material circuits that can perform total power conversion func-
tions with no discrete parts. 32 6

Application of long-established components such as Mylar capacitors and ferrite beads
especially selected for their ac loss characteristics has greatly improved the control of elec-
tromagnetic interference generated by switching regumlators. 3-27

3.6 LITERATURE AND CONFERENCES

IEEE POWER ELECTRONIC SPECIALI ST CONFERENCE

This conference was established in 1970 and has since been held yearly under various
titles: the Power Conditioning Specialist Conference (1970-7 1 ), t h e  Power Processing and
Electronics Specialist Conference ( 1972), and the Power Electronics Specialist Confe rence
(1973 and subsequent years). On alternate years it is held East or West of the Mississippi
River. The leading edge of the technology is reported in papers of th is conference or
appears as references in papers presented at the conference. T h e  In teragency Advanced
Power Group Power Conditioning Panel holds its annual meeting in conjunction with the
con ference and most specialists in the field try to attend , if not every year , then on tim e
alternate years when it is closest to them. The proceedings are published yearly. The
cumulative proceedings are probably t h e  most complete theoretically oriented “text book”
available in the field.

3-23. Chester , MS . and IG Hansen , Descri ption of Magnetic and Capacitor Power Components for Space
Applicatio ns , IEEE Power Electronics Specialist Conference , Palo Alto , CA , 14-16 June 1977.
3-24. Yu , Y , M Backman , and FC Lee , Formulation ofa Methodology for Power Circuit Design Optimiza-
tion , IEEE Power Specialist Conference , Cleveland , OH , 8-10 June 1976 .
3-25. Breakthroug h in Magnetic Materials , Solid-State Power Conversion , Mar /A pr 1975.
3-26. NELC ID 167 , Independent Research and Independent Exp loratory Development 73 . Advanced
Integrated Materi al Power Supply. p 66 , 1 Sep 1973.
3-27. Bloom , SD, and RP Massey, Emission Standards and Design Techni ques for EMI Control of Multi ple
DC-DC Converter Systems , I EEE Powe r Electronics Specialist Conference . Cleveland . OH . 8-10 June 1976;
repr inted in Solid State Power Conversion , Nov/Dec 1976.
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POWER CON

The first Power CON (I) was held in March 1975. Power CON 4 was held in May 1977.
Power CON is closely linked to the magazine Solid State Power C’onm ’ersion. Both the Power
CON proceedings and the magazine are published by Power CON Inc . P0 Box 2445 , Oxnard .
CA, 93034. The orientation of the confe rence and niagazine is more practical and less
theoretical than that of the Power Electronics Specialist Conference. The cumulative con-
ference proceedings and magazine are probably the most complete , practically oriented
modern “text book” available. Summary articles in the magazine are an excellent method
of tracing component man um facturrers and their products.

IEEE INDUSTRY APPLICATIONS SOCIETY ANNUAL MEETING

This yearl y meeting presents a significant number of papers on Power Electronics topics.
especially on Power Electronics as applied to motor and generator controls. The cumurla-
tive proceedings and the related IEEE transactions probably form the best “text  books ” for
Power Electronics related to motors and generators.

OTHER CONFERENCES

The IE E E Conferences on Aerospace amid Electronics Systems (along with time lAS above)
served as the soumrce of papers in the h eld before the Power Electronic Specialist Conference
and Power CON existed.

The Inter-Society Energy Conversion Conference was established in 1 966 and replaced
seven individual conferences in the field. This conferem ice concentrates on the techm iology . -

associated with converting nonelectrical energy (solar. nuclear , heat , light , chemical . etc)
to electrical power. The Army-sponsored Power Sources Conference reports primarily omi
batteries and futel cells. The main sttbject matter of both of these conferences is oumtside the
scope of EM-Power , bit t both conferences have papers with EM-Power topics closely related
to the conferences ’ main thmi .-sts.

The IEEE International Sernicom idtmctor Converter Comiference , INTERMAG. amid the
Power Engineering Society Meeting are also conferences of interest.

The foreign conference can be located in the references in papers of the conferences
discussed.

BOOKS

Table 3-3 gives a partial list of books of interest to the EM-Power technical community
published since 1970.

3- 12
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TABLE 3-3. CURRENT EM-POWER RELATED BOOKS

BOOK COMMENT

I . RCA Designers Handbook , Solid-State This book is almost an essential reference
Circuits, Technical Series SP-52 , RCA Solid- for the Power Electronics specialist. It pro-
State Division , Somerville , NJ , 08876, 1971. vides essential knowledge for reliable circuit

design available otherwise only in widely
scattered publications. For example , the
section on thermal factors (cyclic thermal
stress), equivalent model analysis of power
transistors (analysis of inductive load lines),
the physical bases for power transition rat-
ings (reverse-bias second breakdown and
forward-bias safe are a ratings), etc. The
major shortcoming is the lack of references
to the basic papers providing the technical
background for the book.

2. Eugene R Hnatek , Design of Solid- For several years the only book available
State Power Supplies, Van Nostrand Rein- that corresponded to what designers were
hold Company, New York , 1971. actually designing. Still useful.

3. John D Harnden Jr , and Forest A highly usefu l collection of IEEE reprints
Golden (editors), Power Semi-conductor grouped in a mar iner that allows easy loca-
Applications, Volumes I and II , IEEE tion of topics of interest. Equipm ent
Press , 1972. Design Considerations: 17 papers umnder 10

topic headings. Inverters : 23 papers , under
8 topic headings. Power Conditioning for
Motors : 27 papers under I 2 topic head-
ings. Application by Special Function :
30 papers under I I  topic headings.
Application by Indust ry: 10 papers under
5 topic headings. The introductory com-
ments to each part give ami historical
perspective to the technology amid project
technical trends into the fumture .

4. SB Dewan , and A Straughen , Power An analytical treatment of inverters and
Semiconductor Circuits, John Wiley & cycloconverters based upon Fourier analysis.
Sons, New York , 1975. Widely used as a textbook in Power Elec-

tronic Courses.
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TABLE 3-3. CURRENT EM-POWER RELATED BOOKS

BOOK COMMENT

5. L Gyugi , and BR Pelly , Static Fre- Deals with a whole family of static ac-to-ac
quenc.v changers , Th eory, Performance, frequency changers in which power con-
and App lications , John Wiley and Sons , version is achieved by a single-stage elec- -

New York , 1976. tronic switching circuit without the use of
energy storage units. The best-ktiown mem-
ber of the family is the phase-controlled
cycloconverter although this is not the pre-
eminent one from the theoretical viewpoint.
The in-depth analysis covers practical cir-
cuits as well as circuits awaiting component
development before they become practical ;
there fore , the book lays a theoretical basis
for futt itre technology . (Description from

— 
imitrodu ictory material ; book was skimmed
but not read for this report. )

6. Irving Gottlieb , Switching Regulators & This is an easy-to-read book on switching
Power Supplies With Practical In i ’erters and regulators which is deceptively simple , con-
converters, TAB Books , Blue Ridge Summit , sidering the hard-won knowledge and in-
PA , 17214 , 1976. sights into practical design consideratiom is

the book offers. This is the book to read
for somneone wanting an introduction to the
field and possibly contains information the -

expert missed , forgot , or would like to re-
think im i more complex terms.

7. John M Mott (editor), Intro duction to The basic material was developed by the
Solid-State Power Electronics , Westinghouse late Dr William E Newell , a noted auithority
Electric Corporation , Semiconduictor in Power Electronics. The emphasis is on
Division , Youngwood , PA , 1 5697 , 1977 . solid state thyristor circuits.

8. David W Bodle , and Alex J Ghazi , Not read for this review. Skimming the
Moint .mddin Syed. Ralph L Woodside. book indicates some material is directly re-
characteristics of the Elec trical lated to the EM portion of EM-Power.
Enpj romnenf , University of Toronto
Press, 1976.

9. LW Ricketts , JE Bridges , and J Miletta , Not read for this review. Skimming the
EJIIP Radiation and Protective Techniques , book indicates the book discusses EMP ef-
John Wiley & Sons, New York , 1976. fects omi Power-System entry ports.
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3.7 EM-POWER ISSUES AND THE STATE OF THE TECHNOLOGY

The issue section (Section 2) discusses the state of the technology for each issue to
some extent. The state of the technological solutions to the first three issues is discussed
in more detail in this section.

3.7.1 DISCONTINUITY OF POWER

The technical solutions for discontinuity of power include decreasing the probability of
failures that interrupt power , adding an Uninterruptible Power System (UPS ) to the system.
“or”ing power sources at the system/equipment im iptmt , and designing-in a self-contained
power source. Software approaches are also available.

Designing systems to decrease the probability of failures that can caumse a loss of power
is done by selecting the best circuit configurations with this criterion in mind ,  utsing reliable
circuits , using adequate design and safety margins , derating components . and using reliable
components. The technology for all of this is available butt is cften applied in a highly ttn-
balanced manner; ie , high-reliability components are designed into low-reliability circuits.
In any event , high system reliability is usually a design objective independent of the dis-
continuity of power issue. Also , battle damage will still cause loss of power to systems with
excellent numerical reliability.

Uninterruptible Power Systems (UPSs) can smooth out voltage variations amid niaintaimi
voltage to the load when power is lost. The key components arc an ac to dc rectifier , battery
charger , storage batteries , and a dc to ac inverter. The UPS allows an orderly shutdown of a
system or an orderly transition to an auxiliary power source sumchi as a standby diesel or gas
turbine driven generator system . The batteries provide power for the 10 to 20 second start-up
time for the standby system. UPS systems are expemisive : commercial systems cost ( in  1973)
$400 to $600 per kilowatt for 200 kVA and above systems not inc l umding the au m xi h iary  power
source. 3~ UPS systems are often used whemi they are not the best solution conccption al ly.
The reason is that they are an add-on componemi t that can be added to systems to rec t i l v
original design deficiencies with regard to power imtterr umptions.  The UPS will not protect for
a shorted load on the bums or bus short between the UPS and the load. It  may complicate the
hardening for an EMP environment becaimse , besides the power systems amid the load, the UPS
has to be hardened.

“Or”ing power sources involves bringing two active power sources into the equipment.
If either power source is active , the equipmem it will operate. This tec hm i iqu e has beemi used
to maintain power on essential load dc busses. This technique usual ly involves the use ol a
“dc l ink” somewhere in the system. The “dc link” is a dc bums that exists somewhere in the
system that can be powered through diodes from mult ip le  sources including batteries. The
“dc link” concept can be found in most UPSs , mart y aircra ft power systems , and mi lost sumb-
marine power systems. It coumld be used to a greater extemi t in electronic systems. Its major
disadvantage is that a single load failure can short two power sotm rces. However , this can he
protected against to almost any pre-established criterion. Anot h er problem is load hopping.
the shifting of load power back amid forth between sources in an oscillatory mode. This cati
be protected against by using control theory concepts or setting one source voltage slightly
higher than the other source voltage . Also . when one source fails and the load shifts to the
other source , that source exhibits its normal tramisient response when a suddemi load is
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applied. Finally, two sets of powerlines rn itst be brough t to the equipment and two sets of
EMI filters are required. In spite of these problems , “or ”ing of power systems is often con-
ceptita lly the best approach in systems designs where it was never considered.

Self-contained power sources are perhaps the best solution to critical loads that cannot
tolerate any power interr umptions. Examples are volatile memory systems , inertial platforms . -

etc. Example s range from the AN/WSN -2 gy ro compass system for ships2 3  to the pocket
calculator imsed now by most engineers in place of a slide rule . The major disadvantage oc-
curs in systemns used over a wide tempe rature range. Ami inertia l navigation system in the
F-l I I  that contaimis mi icke l cadmiumi i batteries draws mom -c power at — 55 °C turm i-on to heat
the batteries to their —40°C mini m um design temperature titan the equipment draws for
operation. There are also problems with batteries at elevated temperatures. The advantage s
are that the system can be protected against external failutres and battle damnage . the sys-
tem is no more dif itc im lt to harden against EMP than a normal system . am id it can be protected
intermia ll y via the best techniqu tes the technology offers at the titne the equipment is buil t :  ie ,
the approach is not depemident on the technology available when the platfo rm was built .

Som e systems that cannot tolerate loss of power can be protected by providing power
to a few critical circu its rather than the whole systems. In computter based systems, this
approach combined with appropriate computter software is oftem i the best solution to power
inte r r uption problems. h owever , it cami have a major influence on the compitter and sys-
tern architecture and requires consideratiomi in the conceptu al stage and follow-out acquisi-
t iomi phases.

There is a wide variety of tec hmiica l options available to protect against discontinuity of
power. The mnajor problem is mat iagerial , miot technical. T h e  problem is getting system de- -

signers to ade qut ately address the disco mi ti i iimity of power issue itt  t h e  conceptual and follow-
ing phases of the acquisiti on cycle.

3.7 .2 ELECTROMAGN ETIC PULSE ENVIRONMENT

A separate TESSAC report addresses EMP. At t h e  present . the major problem in the
context of this report appears to he a mam iagerial problem : that  is , convincing the system
managers/designers that  EMP is real and that  problems associated with it can be solved within
other program constraim its. If the prob lem is given proper at tentiot i  at each stage in the ac-
(l uisit ion process . the system is likely to be better designed for all EM environmemits.  This
report ’s author foumn d that designing and testi ng EM-Po~~er circuits for the prompt gamma
ray environment  was an excellent qu ma l i t y  assurance screemi for circuit rel iabi l i ty  imi comivemi—
tiona l environments.  Circ u mits tha t  passed prompt gamma radiation tests were rarely an
operational rel iabil i ty pro b lemn . Circuits that  I’aile d the test had long histories of field fai lu m res.
Designing ari d testing for EMP may he equally effective in red u tcimig susceptibil ity to conven-
tional EM environments.

3.7.3 PULSE LOADS AND HARMONIC CURRENTS

As discussed in the issue section . pulse current loa d imig of the power system is a problem.
Solutions within  the norma l inventor y h ave sever ;ml drawbacks . and R&D for better ap-
proachcs is required , especially in radar , sona r , and oth r high-power systems tha t  operate on
a pulse basis. Table 3-4 identifies some oh the so lumtion approaches and discusses the status of
each -
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TABLE 3-4

SOLUTION STATUS

Avoid circuits Circuit configu iratiom is that are funct ional ly  equivalemi t except for
drawing pulse pulse current characteristics are available , umider development , or
currents. conceptually possible. The technologic al expamision and use of

this type circ utit provide a partial  solutiom i .
2. Tolerate tran- Dissipative regumlators become niore ineft icient  as the tr amisie n t amid

sients and mod- modulation envelope imicreases. This is not tri te of well desi gmied
ulation on the switching regulators . Proper application of switching regutlators is
power system. a partial solution. Additional tra mi sients amid modulation omi power

tines themselves may be ati EMC problem that has to be traded off.
3. Changing con- This approach cami be used to move systemii resonam ices to more

trol loop time desirable locations. As utsually done (inadequate com mtro l loop
constants. analysis and testing), thi s can be a h igh -risk approac h ope t iimig up

susceptibility windows that degrade the EM suscepti bil i ty of the
system. Done correctly (R&D is mieeded to learn h o w  best to do
this), it cart be ami excellent so lum tio n for sonic problems.

4. Increasing ener- Where small additional amounts of energ y storage are required,
gy storage of thi s is usumally the cost-e ffective so lu mtiom i . As emiergy storage re-
energ y storage quiremem its imicrease . other approaches may be more cost-effective.
components al-
ready in the
system -

5. Adding energy Adding motor generators , filters , etc . is a common add-on so lu mtio n
storage compo- because it is usually the easiest approach. It is brutt e force ap-
nents to the proach since energy is prop ortional to l 2 L . V C .  and my 2 and the
system that squared vari able is not available as an opt imiz ing  parameter.  Only
store energ y at a small fraction of the stored emiergy is available to the system.
the system ’s UPSs added to the system may be a niore et im c i em i t  add-on solution
miormal volt- depe n dimig on the UPS desi gn. Add-out solutiomis are often selected
ages , currents , au tomatically without  much thought .  Requiring a simple tradeotf
or frequencies. sturdy against other solutions may he an ef fective managem ne nt  tool

to force thinkim ig about other , amid possibly better , approaches.
6. Incorporate an Any system st u mdy would probabl y list this as the imrst can didate

optimized ener- for consider ation. It h a s  been l i t t le  used except in special systems
gy storage ek- where energy storage is the ni ajor technological p rob l emn. This is
ment in to  the beca umse of past difficult ies in transfe rrimig energy amid m ii a inta i t i i n g
system. system control amid s tabi l i ty .  Switching regulator technology now

provides an eff i ci emit way to tramisfe r emiergy amid iiew ;tnahysis tech-
• niques can be used to solve control amid s tab i l i ty  problems. R&D

is required to demonstrate the feasibil i ty imi any par t ic u lar
application.

• 7. Adaptive con- Much infor mation is available in the system th at  is not used by the
trol system . power sumbsystem to solve the pulsing cu mrrent problem. For in-

stance. the pu lse template is often contr olled by syste m soitware.
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TABLE 3-4 . (Continued).

SOLUTION STATUS

This prior knowledge of an upcomim ig pul se could be used by the
power system as well as kmiowledge about rates of current demand.
This knowledge could be used to adaptively control system time
constamits amid the locatiomi and amoumit  of emiergy storage. The
control would be a microproces sor. Th ere is considerable prece-
dent for this type approach in imidustry amid t i t i l i t y  systems. To
the author ’s knowledge . no one has at tempted this approach for
Navy systems.

The normal inventory of solutions for harm onic cu mrremit probhem n s all have some h im n it a-
tiomis. Some of the solutions are idemitified amid the status of each is discumssed imi the follow-
ing table. R&D for better solutions is needed.

TABLE 3-5

SOLUTION STATUS 
-

Multiphase rec- Requires tr ansformers that operate at power line fre quemicy that
t i f icat ion.  negates size/weig h t  advantages of switching regulators . Larger VA

rated tr amisform ii ers mieeded for give n kW rating. Us u mally  used to
reduce 5th and 7th harmonics and occasionally t h e  1 1 th  amid 13th -

harmonics. Usually used in conjunction wi th  harmonic tr aps am i d
— 

low pass filters for higher liarm iiom -iics. For systems using switching
regulators , a better solutiomi is needed.

2. Harm onic trap A harmonic trap is a series resonant f i l ter  in shu mmi t across the pow-
filters. er line tum ied at the h armom iic frequency of interest.  Low imped-

atice at this  freq utemicy provides a path other than the power lines
for this harmonic current.  Simice the f i l ter  a t t racts  h armo miic
currents from t h roughout the system , it can act u mal ly  increase *

harm n om i ic cu t rrem its imi some branch es. Also , a failutre of a ha rm onic
sutppression circ u tit  anyw h ere omi the power huts can start a ch a imi —

re actiom i fa i lu mre mechanism, fai hi m i g all the ~qu ip ni em it  on the power
line h avimig harmonic traps. A better so lutiomi to the harmomiic
ctmrre nt problem is needed. -

4 -3. Low pass fil ter.  A tow pass fi l ter wi th  acceptable Q ove r re ;isonahle load ramiges is —

diff icul t  to desigmi . A f i l ter  that  will red umce the 20~-~ f i f th  haWiomi-
ic to th e 3’ specification lint it is consider ably bigger than ami ot’f- -

l ine switchim i g regumlator of the sanie power rat ing.  ~ low pass

L 
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TABLE 3-5 . (Contimiued)

SOLUTION STATUS

filter is impossible or imnpracticah to design for sonic systems. 3 2 7
A better solution to the harmonic curremit problem is iieeded.

4. Series-shunt A series-shunt passive filter h a s  been shown to be effective wh emi
passive filters . each filter is designed for the partic u mlar application. T h e  tilters are

relatively large. 2 l 0

5. Active filters. Active filters are being designed but more R&D for effective de-
signs is needed. 2” 1 I An all-electronic active filter designed speci-
fically for use with off-line switching regulators in the electronic
equipment shows promise , but R&D is required.2 ’’4

6. Tolerate liar- Electronic equipmem it cart be desi gned to be immune to harmonic
monic voltage voltage distortion. No R&D is req um ired. A relaxation of voltage
distortion distortiomi h im n its  is techmiica lly feasible , if miom ie lectro miic equipnient
caused by dcc- can be designed to tolerate harmonic voltage distort iomi . This h a s
tromiic equip- to be traded off against the EM lgemi e ra ted  by h i g her harmonic
mn ent.  currents oii the power line.

7. Other. Other sohu mtions are available. Somiie of ’ them are discumssed imi
NOSC TD 107. 2 1 9

3-27. Kendall , CM. Final Report on t h e  Design and Use of EM I Power h inc Filters With Transient Protection
For Navy Multip latform Power Systems . September 1977 , Batelle Columbus Laboratory Contract DAA929-
76-D-lOO for the Naval Ocean Systems Center Code 9234 (Formerl y NELC Code 4300 )

3.8 STATE OF EM-POWER TECIIN OLOC Y S U M M A R Y

There has been a recemi t rapid exp ansiot i  of EM-Power t e chi m iol ogy. The expa n siomi was
in i t iated by the development of new ana ly s i s  techniques  for hi ght -c t’t ’icieticy switched power
conversion circuit s combit ied wi th  breakt h roug hs in set ii i cot idutctor technology th a t  pro-
duced devices capable of fast switc h ing of hig h voltages. currem its . and power. Advamices in
computer mode h imig amid s imulat ion were also a factor. The cr i t ica l i ty  of depem idab le electric
power in a sophisticated co rn pu t er / c on lniu mnic at ion s/ aut to matj om i  based society has renewed
an interest in the technology tha t  produces , dis tr ibutes , and processes tha t  electrical power.
And , t’imiah ly, the world energy crisis has broutg hi t  a real i z at ion tha t  energ y am i d power should
be conserved and e fficiemitly u t i l i z ed . Wa s t e fu th energy comiversiom i and u t i l i za t ion  are mio
longer tolerable.

The result has been a ni aturing of t h e  technology . Traini ng itt power electromiics tech-
nology is now available in a tew (a ~er~- few) gradumate schools at t h e  Master of Science amid
Ph il) level, amid a few courses are ava i lable to un dergr adLt ates.  Comife rences specia h izim i g in the
tech nology have come into existence ami d it is no longer necessary to scam i t h e  wide ra mige of
publications for occasional Printed articles it - i the field. At least omie trade mag azim ie is coni-
plet ely dedicated to the tec hi m io logy, am i d other trade magazines regularly pu mb l ish articles
about it. Several hooks on the technology have beemi published in t h e  l970’s. In the last
decade, power electronics has progressed from n “black magic ” learned by apprenticeship or
experience to an engineering discipline t h at can be learned itt graduate sch ools or through
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published articles and books. There are still relatively few graduate school trained profe s-
sionals in the field and the Navy has yet to capture its first one.

3-20

~~~~~~~~~~~~~~~~ .-~~--•~~~ - - -5 —~~~~~ - ,-‘~~~~~~~~~~~~~~~~~~~ -L~~~~~~~~~. ~~~~~~~~~~~~~~~~~~~~~ - -

- - 

~~~~~~~ _ _ _ _ _ _ _ _



4.0 EM-POWER TECHNICAL CAPABILITY

The Navy EM-Power technical capability is located in the teti organizations shown in
figure 4- 1. Four of the seven CNM-commanded laboratories and centers have some technic al
capability as well as NRL and CEL. The remaining technical capability is in five support
functions to the NAVAIR , NAVSEA , and NAVFAC SYSCOMs. 
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Figure 4- 1. EM-power technic al capability.

As shown in figure 4-2 the variout s organizations workimig in EM-Power are concerned
primarily with the electrical side of the power interface or they are concerned priniarily as
users of electrical power on the electronics side of t h e  imiterface. oi th ey are concermied with
system integration of electronic/electrical loads wit h -i the electrical system amid with other
systems.

The platform/electronics / integration emphasis of the ten organizations is shown imi
figuire 4-3 along with the major SYSCOMs involve d .

The criteria for identifying an organization as having an EM-Power capability were as
follows. If there were one or more professionals in an orgamiization with an EM-Power
charter or responsibi lity, and they had a good underst anding of the technology as it exists
today and were using that  understanding e ffectively with respect to Navy EM-Power prob-
lems , then the capability was assumed. The nuimber of pro fessionals in an orgamiizatio n com-
prising the essential capability ranged from one (NRL )  to niore than a dozen (NAVSEC ,
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Figutre 4-2. Electrical power electronic interface.
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The capabilities of the several laboratories in the specialty of electric power and power
electronics , especially as these relate to electromagnetic considerations (EM-Power), are sum-
marized in this section of the report.

NAVAL AIR DEVELOPMENT CENTER (NADC) .

Wamiinster , PA 18794.

MISSION: NADC is the principal Naval RDT&E center for naval aircraft systems less
aircraft-launched weapon systems.

EM-POWER CAPABILITY: This capability is located in the Aircra ft Electrical Systems
Branch , Aircraft Systems Division , Aeronautical Vehicle Technology Department.

DTNSRDC , NATC), with most organizations having two to four key people. It was found
that one or two people could have a substantial impact on overall Navy EM-Power capability.

Each of the Navy capabilities was asked to briefly describe their mission , relate the mis-
sion to EM-Power , give a brief descriptiomi of some capability or recem it work , ami d provide a
contact point for further information. These descriptions were edited and are given here .
Each organization was also asked to provide a description of some of the analytic al and
measurement tools they use . These are included in appendix B. They were also asked to
identify tools that would increase their capability to do their job . These are given in appen-
dix C. All these data. along with visits to the organizations and the reading of recent reports
in EM-Power topics , were umsed to draw conclusions regarding the capability of ’ the Navy (amid
others ) to solve EM-Power related problenis.

4.1 CNM-COMMANDED LABORATORIES

The missions and functions of the Naval laboratories under command of the Chief of
Naval Material are defined in re ference (4-I ) .  The laboratories are expected to keep abreast
of scientifi c and technical advances in general and to be leaders in areas of umnique amid special
interest to the Navy . The laboratories act as technical advisors to the Chief of Naval Opera-
tions, the Commandant of the Marine Corps , the Chief of Naval Material , the Systems Coni-
manders. the designated Project Managers , and others , including the operational forces , on
matters within their areas of specialty.

4 -I . NAVMATINST 5450.27A , Subj : CNM-Commanded Laboratories and Centers : Missions and Functions
of , 22 Dec 197 5.

4-3

“I

L - , -~~~~~~ - -~~~~~~~~~~~~~~~~~~ —
---5- -- 

~~~~
-

~~~~~~~~~~
- — -  _ L -



- _ • ~~~~~~~~~~_~~~~~~~~~~r 
-- - -

CONTACT POINT : JD Segrest (Code 6073)
Head , Electrical Power Bramich
Auttovon 44 1 -2354.

FUNCTION: The Aircraft Electrica l Systenis Branch is engaged in exploratory (6.2)
and advanced (6.3) development of airborne electric power coinpomients and systenis. The
EM-Power environm n ent is an iniportant consideration in this e ffort. Prograni s representa -
tive of areas of expertis e include the following:

Developmemit of’ engine-driven gemierators amid starter generators together with their
required regutlation , protection , and control systems. For example , a 270-volt brush-
less dc generator system with a solid-state comitro l for regulation , protectiomi , and
power qt tah ity control is now under development.

Deve lopmn emi t of solid-state power conditiomii mi g and conversion systems and their con-
tro l and protective interface with the air-vehicle system concept. For example , direct-
current to 400-Hz , three-phase , altermiating current comiditioners rated froni 10 kVA
to 35 kVA are now under development.

Development of advanced power distribution concepts. For example , this includes an
airborne solid-state electrical logic (SOSTEL) electric-load mn amiage ment systeni which
utses a microprocessor to control all aircraft electric power distributiomi by means of a
digital niult iplex data bus. It uses a redundant ,  distributed-load control cemiter
(mul t ip lex / demul t i p lex  units). solid-state power switches , amid appropriate software .

Development of con iponem it s su ch as high-power tram isistors . hybrid power modunles.
amid power controllers. Presetit projects support the SOSTEL distribution system
and hig h -voltage dc power generatiomi system concepts.

Development of ’ brushless motors , fractional and integral horsepower. to operate
from -i- i 270 volts direct current .

Deve lopmemi t oI’ a flat-bus . power -~h i str ihut io n cable wi th  branch-circuit term i iimi ations.
The objective of this develop m ent is reduction in weight together with improved
‘KM-Power characteristics.

Develo pment of ’ an Advanced Aircraft Electrical System (AAES ) .  This is an advamiced -

development ( ( . 3 )  power system concept inc luding SOSTEL power distribution .
270-V dc advanced power gener ation . amid the GPMS (general-purpose mul t ip lex  sys-
te m- il ) a M lL . -STD-i 553. poling content ion,  digital data-handling system.

Major facilit ies of t h e  branch inch ude ti-ic AAES integratiom i laboratory . This laboratory
provides a h o t  mockup of the aircraft electric power system n . distribution systeni (SOSTEL).
data system (GPMS ) , amid avionic systems. Advamiced systems integrated at this facility in-
chide armament .  flight-control , display , amid core avionics . This facility provides a V/STOL
laboratory for advami ced systeni integratioti amid EM-Power compatibilit y eva lu iation. The
facility includes a sit ielded enc iosumre for evaluation of ’ EM characteristics of hardware
amid systems.

Other facilities available at NADC imich u mde ~he P3 software cemiter . the S3 avionics sys-
ten i haboratory , amid the BASIC avionics system integratiomi operation . EM-Power charac-
teristics , such as power interrumption . may be addressed in th ese facilities b u m t complete
power-systemn im itegration capability is not provided.
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DAVID W TAYLOR NAVAL SHIP RESEARCH AND DEVELOPMENT CENTER
(DTNSRDC).

Bethesda. MD 20084.

MISSION: DTNSRDC is the principal Navy RDT&E center for Naval vehicles amid
logistics ami d provides RDT&E support to the US Maritimi ie Admn imi istration and the maritim n e
indunstry .

EM-POWER CAPAB 1LITY : Electrical systems for Naval vehicles comne within the
purview of DTNSRDC. Included are the generation , control . conversion , and distributiom i of
electrical power and those facets involved in the delivery of regulated power to radars and
weapon systems.

This capability is located in five specifi c areas withimi DTNSRDC ’s Propulsion and
Auxiliary Systems Department (Code 27).

CONTACT POINT: Dr Harold R Borosomi , Code 278
Head , Systems integration Division
Autovon 278-2857.

FUNCTION: Functions and capabilities provided in each of the specific EM-Power
related are reflected in the organization of the Systems Integration Division , which is corn-
posed of five branches. Among the more than 50 engineers and scientists in the division
are many with knowledge in areas directly related to EM-Power. Most of these personnel
are in the Electrical Systems Branch. The rest are in other Branches of the Division and imi
other Divisions of the Department.

Electrical Systems Branch. (Code 2781 , Contact: CR Youi ig, AV 278-2557.) Ti-ic
primary function of this branch is to improve the getieration , control , conversiomi amid dis-
tribution of Naval ships ’ electrical power to provide power to Naval weapon systems.
Approxiniately 1 5 engineers in thi s branch have knowledge imi areas relate d to these specific
functions. Studies have been conducted amid iniprovem nents have resulted froni sumch stumdies
as power system harnionics , sh ort- amid long-term voltage trans iem its , voltage amid frequency -

regulation , modulation , amid noise . Computer simulatiom is of systeni conipomients such as
turbine generators and sohid-state power-conversion eq uipment have been comiip leted amid
plans have been made to simulate an entire electrical power systeni prior to its imista l l ation
aboard ship. Dynamic load simuml ators developed at DTNSRDC are used to investigate the
effects of radar type nonline ar , pulsing loads omi electrical power systenis. Power-comi version
equipment sumch as solid-state frequency changers and motor-generator sets is also eva hu mated
under simulated radar load conditions, during development amid prior to shipboard im-ista l la-
tion. A complete simulation facility for the imivestigation of ’e lectrica l/ e l ect romiic imiterface
compatibility is being developed. Various electronic loads and electrical power systems amid
equipment will be imives tigated.

Motors and Components Branch. (Cod e 277 1.Contact  Ri Flaherty, AV 281-2079 .)
This branch -i condumcts research and development on electric al niotors amid generators. This
work includes starters , brushes , and other motor components. Research -i am-id developnient
is also conducted on special problems of wound components such as motors , generators , an d
contactors. This branch places emphasis on problems in which electrical desigmi is imiseparabi e
from insulat ion and other paramneters of wound components.
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Electrical Transmission Branch. (Code 2772 , Contact: G Rodriguez , AV 281-3118. )
This branch conducts research and development on means for transm n itt ing 60- amid 400-Hz
electrical power to meet requirements dictated by new functions and new technology.
Emphasis is placed ttpon obtaining desired electrical characteristics while reducing weigh t
and increasing fi re and water resistance and handling ease. Cables , waveguides , and associ-
ated fittings are utnder developmemi t to carry wideband high-frequency power am-id to meet
new or extended parameter requirements.

Semiconductors Branch. (Code 2773 , Contact: WH Koh lmn an . AV 28 1-2526. ) This
branch conducts research and development in the characterization and application criteria
of solid-state devices for ship and submarine electrical power systems. It develops new
techniques and facilities to measure solid-state device characteristics under combinations of ’
electrical and physical stresses.

Physical Office of Supercondumcti vi~y. (Code 2722 , Contact: JH Harrison, AV
281-2423.) This office plans and manages research amid deve lopmnent of supercomiduction
electrical propulsion power systems , related equipment , and the supporting techmio logy ,
The office maintains technical commumiications with other Government activities as well as
with industrial research groups and universities working on electrical power generation using
supercond umctors. The developmnemi t of superconducting motors has advanced to the point
where application of supercond umcting propulsion power systeni s for future ships is al niost
a certaimity.

NAVAL OCEAN SYSTEMS CENTER (NOSC) .

San Diego , CA 92 152.

MISSION: NOSC is the principal Navy RDT&E cemiter for command control , comniut-
nications, ocean sutrveil lance , surface and air lautnched undersea weapon systems and sumpport-
ing technologies.

EM-POWER CAPABILITY: This capability is located in the Power Electroiiics Branch
(Code 9234).

CONTACT POINT: J. Foutz , Code 9234
Head , Power Electronics Bramich
Auttovon 933-2752

FUNCTION: Power Electronics Branch. The Power Electronics Branch is responsible
for the development and implenientation of state-of-the-art concepts , techniques , and meth-
odology associated with power-electronics technology as used in electronic equipment. The
branch consists of seven professionals. Two additional power specialists outside the branch
(iF McCartney, Code 63 103 . and U Johnson , Code 8 112) contribute to NOSC capabilities
in the field of EM-Power. Branch capability is concentrated iii four areas: switching regula-
tor technology as unsed in electronic equipment and systems: the electric power/electronic
interface as viewed from the electronics side of the interface: power electronics analysis and
control techniques including coniputer modeling; and advanced material concepts related to
power electroni cs.

Exam n pIes of’ switching regun lator technology programs include the Re dumction of Ship-
board 400 Hz Power Req nirement s Program, which showed that 60- to 400-Hz frequency
chamigers could be eliminated by exploi t ing the umse of switching regulator power supplies in
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shipboard electronics , and the Standard Electronic Module (SEM) Power Supply Develop-
ment Program , which is developing a family of switching regulator power supplies for the
Navy SEM program.

Examples of electric power/electronic interface programs include the development of
the criteria for determining when EMI filters and switching regulator combinations will
oscillate (published in IEEE publications and MIL-HDBK-24 I) and the technical coordina-
tion of the development of EM-Power analytical tools in the DDF funded EMX program.
The preceding are also examples of power electronics analysis and computer modeling tasks ,
as is a progra m to model microwave tubes by computer simulation as an aid in design im-
provements that will increase their reliability. The advanced material program is centered
on developin g complete switching regulator power supply circuits in monolithic materials
that , unlike silicon , have energy storage capability. The goal is to completely eliminate dis-
crete parts including transistors , diodes , inductors , transformers , and capacitors , thereby
accomplishing the power supply function in a solid block of material.

The Power Electronics Branch exploits the capabilities of universities , industry, amid
other Navy and government facilities to the greatest extent possible using its own personmiel
resources for concept development and as techmiica l advisors and consultants in Power
Electronics.

NAVAL SURFACE WEAPONS CENTER (NSWC~

Silver Spring, MD 20910.

MISSION: NSWC is the principal Navy RDT&E center for surface ship weapons sys-
tems , ordnance. mines , and strategic systems support ,

EM-POWER CAPABILITY: Electromagnetic pulse (EMP) e ffects on power systems,

CONTACT POINT: Dr Ri Haislmaier , Code WA 51
Head , EMP Branch
NSWC , White Oak , MD.
AV 290-l743

NAVY UNDERWATER SYSTEMS CENTER (NUSC) .

Newport , RI 02840.

MISSION: NUSC is the principal Navy RDT&E center for submarine warfare ami d
submarine systems.

EM-POWER CAPABILITY: This capability , as related to the electromagnetic compat-
ibility of submarine electronic systems , is located in the Electromnagnetic Systems Departmem it ,
Code 34.

CONTACT POINT: David McQueeney, Code 344
Head , EMC and EM Systems Support Division
Autovon 636-2534.
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FUNCTION : The Electromnagm ietic Compatibility Support Division provides centralized
suipport to NUSC product lines in the EM-Power—EMC area , Four personnel are primarily
associated with the EM-Power area :

— PJ Johnson , Code 344, AV 636-2626
GJ Majewski , Code 344 , AV 636-23 17
GC Barker , Code 344 , AV 636-2629
D Dixon , Code 344 , AV 636-2453

Some specific areas ot’ the power-EMC effort addressed by Code 344 under the TRIDENT
program , as directed by NAVSEC 6 174D , include low-frequency inductiom i-field radiator and
susceptor models , shielding at power frequmem icies , low-frequency groum iding requir ’ -, ‘emits , amid
cable-couplimi’ ~roblems. The basic power-EMC capability at NUSC is augniemited .. EMC
areas by app m~~.imately 10 other perso nmiel who have sonic kmiowledge of or experience wit h
power-EMC problenis.

NAVAl. RESEARCH LABORATORY (NRL) .

Washington , DC 20375.

MISSION: Conduct a broadly based multidiscip h ine program n of scientific research and
advanced technology development directed toward new and imnproved material . equtipnient ,
techmiiq umes , systemns . amid related operational procedures for the Navy .

EM-POWER CAPABILITY: This capability is located in the Electromiics Techmiology
Division.

CONTACT p0INr: B iames Wilson , Code 5210.3
Autovomi 972-3357

FUNCTION: NRL is treating the interrelationship between electrical power systems -

and electromagnetic em iviromimem its iii conjunctiomi with t h e  formumlation of miew standard s for
aircraft electrical systems. The Naval Air Systems Command has Departm iient of Defense
cognizance for aircraft electrical power am -id has tasked the Laboratory to serve as custodian
for the modernization amid maim item i ance of MIL-STD-704 . Aircraft Electrical Power Charac-
teristics. The need t’or this doc u mment to treat electrom n agnetic e ffects has led to a comitin u ming
program of measureniemits of systems -condumcted interferemice amid concomitam it instrumme nta-
tion developments , the latter  stressing digital-data processing. It has also resulted in a pro-
gram of liaison and coordination amn omig Arm y,  Air Force , amid the Umiited States electrical
systems comn iumiity. Verification of miew miieasurem iiem i t techniques is carried out through
onboard tests at NATC fol lowim ig ini t ial  laboratory de terminatiomi of feasibility at NRL by
theory. conip umter , ami d breadboard stutdies . or tests on prototype equipment at NADC amid
NATC.

CIVIL ENGINEERING LABORATORY ((‘EL).

Port Uuem ieni e , CA 93043.

MISSION: CEL is (lie principal  N avy RDT&E center for sh ore . fixed-surface , amid sumb-
surface oceami facilities t’or t h e  Navy amid Marine Corps construtctio n forces.

EM-POWER CAPABILITY: This capabil i ty is located withi n - i  the Electrical amid Elec-
tronics System Division.
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CONTACT POINT: Evo Georgi , Code L62
Director , Electrical and Electronics Systems Division
Autovon 360-05690.

FUNCTION: The objective of the work at CEL is to solve problems associated with the
supply of electrical power to Naval installations. There are eight professionals and two sup-
port personnel . These persons serve as consultants to Navy and other Department of Defense
agencies on a wide variety of problems in the EM-Power field. In addition , in-houmse ongoing
research is conducted in solid-state power electronics and power conditioning areas to main-
tain expertise in EM-Power.

A representative EM-Power program at CEL is the recently completed major R&D pro-
gram called the HIGH QUALITY POWER PROGRAM. The first accomplishment of this
program was the development of a power-line transient monitor ing and recording equipmne nt
which was capable of extremely rapid response ami d accurate reproductions of waveform
disturbances on a continuo um s basis over hong periods of time. The next accomplishment was
the development of power-line , transient -simut lation equipment capable of simulating trami-
sients , surges , sags, frequency excursions , ami d monientary oumt ages. This equmip rn ent was used
to perform susceptibility tests on suspected electronic equipment to ascertain the vulnerabil-
ity of that equipmemit to the various power-line aberrations. These equipm n emits have been
utsed extensively over the years to assist organizations experie micing EM-Power problems.
Many refinements to the equipment ami d measurement techni ques have been miiade. These
have resulted imi smaller , more economical monitori mig equipmemi t and m i  comicepts which have
been picked up by industry and are now marketed as comm’~rcial items. Technical reports
are available of past work and programs in EMC , EMP. amid other EM-Power-related programiis
accomplished by CEL.

4.2 OTHER CNM COMMANDED FACILITIES

In addition to the research activities just discussed , there are four CNM facilities which
are active in the EM-Power area.

NAVAL SHIP ENGINEERING CENTER (NAVSEC).

Washington , DC 20362.

MISSION: Perform assigned engineering amid material mnanagemem i t and material re-
quirements in support of the Naval Sea Systems Command; responsible f~r the support of l 

-program requirements for ship design , system and equipment design , installatiomi amid maimite-
nance ~ngineering, procuremen t , and material management.

EM-POWER CAPABILITY: This capability is located itt t h e  Machinery Systems Dlvi-
sion , The Combat Systems Design and Integrati on Division , and the Ship Desigmi Division.

CONTACT POINT: For EM-Power where the em phasis is omi electrical power.

FL Henrick son , Code 6l56D
Head . Systeni Analysis Sectiomi
Autovon 222-6062 ,
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For EM-Power where the emp hasis is on EMC.

Frances M Prout , Code 61 74D
Head. Electromagnetic Performance/Com patibility
Sectiomi
Auntovom i 222-3674.

FUNCTION: Machim iery Systems Divis ion. The division (Code 6140) is responsib le for
the design, developm ent , installation , operation , and n iaimitemiance of shipboard propulsion
machinery , auxiliar y systemiis , and electrical power amid distrib ution - i systems. The division
efforts are coordinated with those of other systems comniands to install weapon systems .
aircraft-re lated systems , ami d submarine life-support systems.

Combat Systems Design amid Imitegration Division. The division -i (Code 6 170) is responsi-
ble for the development , design . procu treniemit , and mnaintem iam ice engineerim i g of shipboard
electronic systems imi the areas of radar , sumbmarine anteminas. imiterior commumnicatio mi , com-
putter , navigation , and weapons control. The divis ion -i is responsible , on a whole-ship basis ,
for the design amid imitegration imito the ship of all shipboard electronic equipments and sys-
tems includin g, in addition to the j umst- mentioned equn ipm ents and systemns. the Navy Tactical
Data Systenis (NTDS), command control , ordnance , amid somiar.

Ship Design Division. The division (Code 6110 )  is responisible for directing , managim ig,
obtaining financial resources for , amid preparin g new total ship desigmis amid mnajor conversions
as requested by appropriate authori ty .

NAVAL AIR TEST CENTER (NATC ) .

Patuxent River , MD 20670.

MISSION : Perform test ami d evalutatiomi of’ (lie total aircraft includin g aircraft missiomi
systenis , aircrat ’t systems , aircraft mission eq umi pm n emit ,  subsystems . comiiponents . related sup-
port systems . amid integrated logistic sumpport elem emits . Provide technical advice ami d assist-
ance to the Naval Air Systems Command, the Board of Inspection and Survey, other
Government agencies and contractors. Assist other RDT&E amid OT&E activities in ful-
filling their missiomi re quiren -ients. Conduct test -pilot training am-id imi- i ioum se technical projects
which develop amid doc u mmi i emi t test and evaluation tech imiology.

EM-POWER CAPABILITY: This capability at NATC is located imi the System -i - is Engineer-
ing Test Directorate.

CONTACT POINT: For EM-Power wh ere the eniphasis is on electric power.

GR Danks . Code SYoO
Electrical Systems Branch
Autovon 356-4701.

For EM-Power where the emphasis is on electron ic system
integrat iomi .

RF Lane. Code SY8O
Electronic System s Bram ich.

4- 10
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FUNCTION: Electrical Systems Branch. The branch (Code SY6O) conducts laboratory
and flight evaluations of aircraft electrical power generation , conversion , and distribution
syst-~ms and system components. The capability of the branch in the EM-Power are a results
fro m its technical ability to closely simulate electrical-power system operation in the lab-
oratory , to make appropriate EM-Power measurements , and to obtain aircraft data when
these measurements must be made in flight. A recent example of a branch project is the
laboratory and fligh t evaluation of the A-4M aircraft variable-speed , constant-frequency
generating system. A complete electrical ami d environmental evaluation was performed in -i the
laboratory where all expected fligh t operating conditions were simulated. Following this
effom -, the system was fully imistrumented for in-flight miieasurement of all meanin gfunl steady-
state parameters during representative combat fligh t profiles. Various systeni electrical .
mechanical , and cooiing modifications were later evaluated to determine their e ffect upomi
system performance.

Electronic Systems Branch. The branch (Code SY8O) places EM-Power emnph asis on
electronic systems and components which interface with the power system.

NAVAL AVIONICS FACILITY (NAFI ) .

Indianapolis, IN 46218.

MISSION: Conduct research , development , engimieering, technical evaluation , pilot amid
limited manufacturing and depot maintenam ce on avionics , missile , shipborne , and related
equipment.

EM-POWER CAPABILITY : This capability at NAFI is located in the Applied Research
Division , Code 830, and in the Test and Evaluation Divisiom , Code 440.

CONTACT POINT : JH Jentz , Code 835
Electromiics Systems Bram ch
Autovon 724-3927

FUNCTION: Electronics Systems Branch , Code 835. TI-ic major area related to EM-
Power is the design , developmemi t , and procuren emi t of power sutpplies which -i are used in
Navy submarines , ships , aircraft , missiles , and shore-based equmipm n en ts. Specific areas of
power-supply design and analysis expertise imiclu ide series regulators , switching reg umlator
power supplies , magnetics , EMI sumppression , and packagimi g techniq umes. R&D work is pri-
marily directed at improvimi g switching regulator design am-id amiahysis techniqumes. Within ti -ic
framework of the Standard Electronic Mothnles (SEM) program , tmnder NOSC program and
technical management , the bramich has the respons ibility to let ami industry comitract for the
development , procurement , and SEM qualification of a fum lly docummented famil y of SEM
power supplies for multiple-p latform use . Under the sponsorship of NADC , the branch is
involved imi the li-i-house development of a 270-V dc solid-state Remote Load Controller
(RLC ) for the Advanced Aircraft Electrical System (AAES) program.

Test and Evaluation Division, Code 440. (Contact: D Fassburg, AV 724-3986.)
Performs required EMI/EMC and power military-specification tests on-i in-house and some
contractor-developed military equipments. This groump has developed comnpu iter -aided de-
sign and analysis techniqunes for shielding and power filters .
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NAVAL WEAPONS SUPPORT CENTER (NWSC ) .

Crami e, IN 47522.

MISSION: Provide material , technical , and logistics suipport to the Navy for ships and
crafts equipments , shipboard weapon -is systems , amid assigned expendable and nomiexpendable
ordnam ce systems amid perform additiom ial fumnictions as directed by COMNAVSEASYSCOM .

EM-POWER CAPABIL ITY: Th is capability is located in the Engim ieerini g Branch of the
Weapons Qunalit y Emigimieerim ig Center (Code 30).

CONTACT POINT : Robert VanWink le , Code 3026
Engineerimig Branich
Auntovo m i 482 -1252

FUNCTION : Ti-ic main eniphasis at this orgamiizatio n i is on-i providing tech nical inputs
to Military Standards. For example , MIL-STD-24 I .  A Design Gumide for EMI Reduction j im
Power Sumpp lies , was autthored by this organizatiomi . MIL-STD-24 l addresses the design of
EMI filters am -id other topics related to EMI problems with -i power sumpp lies such as componemi t
selection . layou m t . amid shieldinig. This organization has also provided techmiica l inp u mt  to
MIL-STD-46 1 ami d MIL-STD-220 stutdie s .

4,3 INFORMA 4 EXCHANGE / COORDINATION

INTERAGENCY ADVANCED POWER GROUP (IAPG ) -

‘

POWER INFORMATION CENTER
3524 SCIENCE CENTER
PH ILADELPH IA .PA 19106 (2 15)382- 8683

EM POWER CAPABILITY : ELECTRICAL WORKING GROUP . POWER CONDITIONING
PANEL , SUPER CONDUCTIVITY PANEL .
MAGNETOHYDRODYNAMICS WORKING GROUP .
MECHANICAL WORKING GROUP.
SYSTEMS WORKING GROUP.

DESCRIPTION: Thu s agency was created solely t’or use by ami d benefi t to the US Govermi-
ment. Its purpose is to e ffect an exchange of informatiomi at ti-ic techmiica l level on -i R&D
programs in the electric power field. At present , it is jo i m it ly  fumided by (lie Arm u iy. Navy ,
Air Force. National Aeronaumtics amid Space Adm inistrat iom i .  a m d  ti -ic Emiergy Research and
Development Admninistratiomi . Lia isomi is niaimitai n ed with - i  the Office of the Secretary of
De fense , National Sciences Foundation . Department of Transportation . and the Department
of Health Edumcation am-id Welfare .

Energy/power technical disciplines covered by the IAPG working groups and panels imi-
clunde chemical , electromagnetic , magnetohydrody .namnics. mechanical , nuclear , solar , photo-
voltaic , solar thermal , th ermoelectric , thi ermionic , sutpercondu ctiv ity ,  amid power conditioning.
A new systems workin g group has been fornied to consider complete electric power systems
f’rom source to umser and system amialysis methiodology and results.

Two primicipal modes of information exch -iamige exist.  Omm e is the distrib ui tiomi of project
information in t h e  form oh ’ briefs to sumbscribers both inside ami d otmtside the government. The
other takes the form of ’ periodic nieetings among goverm un cmuta l persom nn el with kindred tech-
miica l interests.

Cu i rrem m t Navy IAPG participation is shown -i in table 4-1 .
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TABLE 4-I. NAVY IAPG PARTICIPATION (JUL 1977).

~ ‘ Q.-g 0 ~ ,0 C~ ~~ -~~ ~~
~~ ,- 0 ~ , 0

4) 00 ~ 00
~o .E >~ ~ c~ .E (~ 0

.-t~ .E ~~ ~~~ ~~ -~ 00 00
.~ 0 ~~ ~~~~~~~~ ~~~ ~~ ~~~
•- -~~ 00

~ .~~~ 0 ~~ ~- .E ~~

~~~~~~~ ~~ ~~~ E
Navy Activity c,~ ~~ z

ONR x x x x x x x x
NAV M AT x
NR L x x x x x x x x
NADC x x x
NCSL x
NOSC x x  x x x
DTNSRDC x x x x x x
NSWC x x
NUSC
NWC
NAVA IR 

— 
x x

NAVELE X x x
NAV FAC
NAVSEA x x x x x x
NAVSEC x x x x x x x
MARINE CORP HQ — — — — x —

NWSC x
NISC x x x x x x x x
NWC x x x x x
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4.4 OTHER CAPABILITIES

Additional information on capabilities of universities and the NASA and DoD in general
is presented in the 3.0 State of EM-Power Technology section of this report.

4.5 EM-POWER TECHNICAL CAPABILITY SUMMARY

The Navy EM-Power capability is located in ten Navy organizations. An eleventh orga-
nization specializes in EMP. These organizations and their primary mission/capability are :

Research and Test and System
Development Evaluation Integration

(RDT&E)

NADC Aircraft Power Aircraft Power Aircraft

DTNSRDC Shipboard Power Shipboard Power Ships/ Submarines

NOSC Electronics — Multiplatform , EMX

NUSC — — Submarine s

NRL Aircraft Power — —

CEL Shore Power Shore Power —

NAVSEC Shipboard Power Shipboard Power Ships/ Submarines

NATC — Aircra ft Power —

NAFI Electronics Electronics —

NWSC Specifications — —

NSWC EMP EMP —

The Navy capability in many areas is dependent on one or two key people. The EM-
Power capability woun ld be lost to the Navy facility if these key people were lost. (This is
not umnus umal in EM-Power. It was found to be also (rune of the universities and most con-
tractors.) Details of the existing Navy capability and needed capabilities are given in
appendix B and C.

The leading government agency in EM-Power is NASA.

The status of R&D activities in the variou s government agencies active in the field is
discussed in the Inter  Agency Advanced Power Grounp, a group existing for the sole use and
benefi t of the government,
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5.0 ADEQUACY OF EM-POWER SPECIFICATIONS AND STANDARDS

5.1 PURPOSE OF SPECIFICATIONS AND STANDARDS

The Navy procures its materials (ships , aircraft , weapon systems, computers , etc) by
means of contractual documents. In these documents , it is necessary to describe the require-
ments placed on the procured material and the methods used to determine that the require-
ments are met (quality assinrance). Specifications and standards (S/S)* are used to describe
the requirements and the quma l ity assurance provisions placed on the material by the comitract.
Usually a top-level specification , unique to the prod tmct being purchased , is umsed that calls out
general specifications and standards in a hierarchy arrangement. This use of specifications and
standards is efficient in communicating the characteristics of the wanted material and in
achieving effective contractual control. TI-ic statement , “The equipment shall operate from
electrical power with the characteristics of MIL-STD- 1 399 Section-i 103, Type I , 440V , 60Hz ,
three phase ,” is equivalent to a 1 7-page descriptiomi of shipboard electrical power which in-
cludes eight figures. The contractor is familiar with this I 7-page description ami d kmiows
what he must do to meet its requirements. This approach is also efficient in obtaining effec-
tive contractual contro l since the standard is , at least in theory , the quinutessence of the
Navy ’s experience over a period of years with many contractors imi describi rmg ti-ic shipboard
ac electrical power interface in contractual terms.

This section of the report examines ti-ic adequacy of specifications am-id standard s for
assuring that procured systems fumnctio n as intended in electromagnetic emivironments associ-
ated with EM-Power. A systems approach is used imu this exam u iin atiom u .

5.2 SYSTEMS APPROACH TO SPECIFICATIONS AND STANDAR. ’S.

A system viewpoint is used to develop criteria for determining the effectivemiess of ’
specificati ons and standards controlling EMC on the power/electronics interfaces. Sin-ice a
“system viewpoint ” can mean different things to differen t readers , the concept as used here
is discussed.

The total system is first defined by a boundary or a univers al set. Subboundaries or
subsets are then defined within the total system or universal set. One of tim e main tasks of
system engineering is to define easily controlled sumbset boumnd aries amid th em - i to comi trol these
boundaries (or interfaces) effectively. Specifications amid stan dards are used for this control ,

For example , figumre 5-1 defines a systemiu boundary comusistimig of ’ the electrical power sys-
tem and two electronic systems that interface with the power system amid with -i each -i other.
The electrical interface between the electrical power system -i - i and electrom uics system -i -i is

* Specifications and standards are defined and discussed in more det ail in appendix D.

5-I



controlled by several specifications. including MIL-STD- 1 399 Sec 103 , 5 1  MIL-STD-4 6 I , 5 2
and MIL-E-16500. 5~~ Eff ’ective coiutro l of’ the interface requmires that these specifications
ami d standards be mutu mally compatible. The two electronic systems are electrically connected
by a signal common. There is li t t le control of ’ this important signal comnuon interface in the
general specifications and standards .

SYSTEM
BOUNDA RY

ELECTRONICS
ELECTRIC SYSTEM
POWER #1

SYSTEM

ELECTRONICS
SYSTEM
#2

Figutre 5-I .  Exanuple of ’ system del ’i ned by a bo unndary am-id I )artitiofled
imito subsysten -is by subboundaries

Another example of the system-i-i approach -i is shiown mi figu ire 5-2 Of’ all possible data
that cout id be collected ah oumt a system -i - i, the Navy has a riced for on e  sumbset: ti -ic contractor -

generates a secouud subset am- id delivers a third ,  sm-iia ll er sumbse t to the Navy.  Eft ’ective techmi-
cal and contractumal comutro l would require th e com trol of sumbse t boundaries so th iat the data
needed are within - i  the boutndaries of ti -ic data delivered .

DATA
DATA GENERATED
NEEDE D DATA

~~DEUVERED

ALL POSSIBLE DATA
Figure 5-2. All possible data partitioned into three data sutbsets -

5 1  MIL-STD-l399A (Navy), Interface Standard for Ship board Systemns. Section 103 , Electric Power . - 
-

Alternating Current . 1 Dec 1970.
5 2  MI L-STD-461A . Electromagnetic Interference Characteristics . Requirements for Equipment .
I August 196S
5-3 MIL-E -lo400G (Navy ),  Electronic Interior Communications and Navigation Equi pme nt . Naval Ship
and Shore . General Specification for . 24 Dec 1974, —
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A specification tree , figure 5-3 , is another systematic way ot ’d i spt ay in g relationships.

[ NAVSHIPS O9O2-0O1-5000
SPECIFICATION FOR SHt PS OF THE U.S. N A V Y

I MIL -STD -1399 SEC 103
—1 INTERFACE STANDARD FOR SHIPBOARD SYSTEMS

ELECTRICAL POWER . ALTERNATING CURRENT

FM IL -I -983
—1 INTERIOR COMMUNICATIONS EQUIPMENT

N A V A L  SHIPBOARD . BASIC DESIGN REQUIREMENTS FOR

I NAVSH I PS 0967-000-0100
—i ELECTRONICS INSTALLATION AND M A t N T E N A N C E

BOOK f E IMB )  - G E N E R A L

I NAVS HI PS O967-000-0110
—1 ELECTRONICS INSTALL ATION AND MAINTENANCE

BOOK ( E IM B )  - INSTALLATION S T A N D A R D S

‘ j  RECOMMENDED PRACT ICE FOR ELECTRIC

L_
INSTALLATIONS ON SHIPBOARD

—i SHIPBOARD BONDING , GROUNDING , AND OTHER TECHNIQUES
FOR ELECTROMAGNETIC COMPATIBIL ITY AND SAFETY

r~MIL .STD-1 605 (SHIPS )
j PROCEDURES FOR CONDUCTING A SHIPBOARD ELEC TROMAGNETIC

I INTERFERENCE ( EM I )  S U R V E Y  (SUR FACE SHIPS )

Figure 5-3. Specification tree. NAVSI-I I PS 0902-001-5000
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Similar approaches cam-i be used for other interfaces of interest such as performance
(needed. specified, achieved), technology/ specifications , and the Navy/ contractor contrac-
tu mal interface. A characteristic of this approach is th at no single specification-i or standard is
necessarily identified as inef f ~ctive by itself : however , the relationships can he identified as
inueffective. Which specificatio n-i or standard to change to improve the situation often re-
qunires tec hm ology comisiderations. For example , wh ether the power systems specification or
electronics specification -is shounl d be changed may depemi d on the relative state of the art of
genie rator technology amid electromiic power- sutpply techn iology .

This “system viewpoim t ” can be used to define the criteria for eva iunating the effective-
ness of specifications and standards. Examples of specification criteria that can be used are
as follows:

(a) Is the interface controlled by specification -is or standards?
(b) Are conjoint specification -is and standards com patible (amp lit u de, frequtency,

phase , bandwidth , design philosop h y, etc)?
( c )  Are specification -is al -id standards compatible with -i preset -i t an-i d emerginug technology

and approaches utsed in system design?
(d) Can contract umal comutrol be initiated th rough a single specification or standard’ !
(e) is the specification -i tree complete?
( f’) Is the precedence order clear?
(g) Are data utsers kniownu ’!
( h)  Are data needs of users known?
( i )  Do the specifications an -id standards (with - i  the contract ) control data acqu isitio n -i

and delivery so that  data users ’ needs are met?
(j) Are signiif ’icanit envirom - in i em i tah ef’f’ects conitrolled (temperatunre , shock amid vibration .

nu Ltc lear radiation , electromagnetic pulse , l ightning)?

With t h e  ef ’l’ectivem iess criteria in nu imid , the general specifications at-id stamidards relating
to the electron u ics inu terf ’ace wit h - i the electrical power system-i-i of ships ami d aircraft were re-
viewed. The same specification -is were also reviewed for coverage of the signal-comnmonu inter-
face between electronic eqtnipm ents.  Even though the review was far from complete, serious
shrnrtcomings in the general specif ’icatiom m s and standards were fout nu d. No specifi cation -is uniq tne
to individual  system -i- is or eqt ni pn i emit s were reviewed.

5.3 FINDINGS USING SYSTEM APPROACH

Reviewing EM-Power specifications amid stanidard s f’rom ti-ic system -i -i viewpoint revealed
many scriouts problems with current Navy geniera l specifications al -id standards. These prob-
lem -i-is included mismatch of ’ comijoint specifications and standards , lack of coverage of’ inn-
por tant interface parameters . mismatch between the technology being used and the -

specif icatio lu or stanidard , requirements in the specificationis and stanudards forcing poor de-
smg n p ract ices , lack o1 technical gunidanice , lack of’ conitract inal conitrol , am-id lack of adequate
data re qunire ni ents .
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Several reasons were found for the above situation. In sot-i-ic cases, lack of good techni-
cal solutions makes writing adequate specifications am-id standard s impossible. Lack of
technical data m akes defining realistic limits difficult. In other cases, Navy personnel with
the technical knowledge have no responsibility , time , resources , or motivation for assuring
that specifications and standards are technically adeq umate. The responsibility for assuring
that conjoint specifications and standards match is umnc lear. Fimially, there may be general
agreement as to what should be done bu tt nothim - ig seems to happen. This is usuna h ly caused
by a hierarchy of priorities amid a lack of sunf ’f ’icient resoinrces to work on-i aniything but ti-ic
top one or two priorities.

Specific findings of the system level review were as follows:

(a) Existing conjoint specifications an -id stanidards are niismatched on-i tim e con-in-i-ion
interfaces they control. An example of specificatio n-i mismiiatch is shown-i by overlaying t h e
voltage modumlation limits of the specification th at defines shipboard power , MIL-STD-i399
Sec 103, with the specification that ensures that electronic equipn ient is not sunsceptible to
modulatiomi of the power source , MIL-STD-46 1 CSO I . as showni in figumre 5-4 . Note th at thien ’e
is a negative safety niiargi n f’or I I 5-V cquip m emit between ti-ic f ’re qunem icies of’ 5 ami d 50 kHz.
For 440-V systems, there is a contin u ouns negative safety niiargin from 30 Hz to 50 kHz. This
means that there is no gutarantee that electronic equmi p menit wh ich has passed MIL-STD-4 6 I
modulation limits will operate with shipboard power system - i-is th at meet their n iod unlationi
limits. Compatibility of interface specifications is a major task of t i c  system approac h to
engineering. In this case. comi patibi h ity of’ specification -is munst  s t i l l  he achieved.

z .5V NEGATIVE MARGIN

3V 
> SUSCEPTIBILITY 

~ 8 NEGATIVE

0.7 V POSITIVE MARGIN

~ 2V MIL-STD-1399 SECTION 103
usv EMISSION LEVEL 1.3V FIEGATIVE

l v -

30 100 300 1K 3K 10K 30K lOOK

FRE QUENCY IN H ERT Z

Figure 5-4. Electrical power interface specificatio n -i misniatch
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Another exam ple o1 initer f ’ace discrepancies occu rs when ti-ic traiisienit response of ’ ship-
board generators is examined . Their characteristic response fre qunency to load change s as
shown-i in - i figure 5-5 is between 0.8 am-id 25 Hz for Type I shipboard iiower ;nnd between 2 .5

and 25 Hz f’or Type IL an -id I l l power. MIL-STD-46 I does not test in the critical range. t h e
lower limit of the CSO I test being 30 Hz. Modulations of ’ 1 58V peak-to-peak are within
power system specifications . am-id modulations of 80V peak-to-peak cau tsing in i t eractio m i Prob-
hems have been -i observed on-i ships. Electronics are seldonn tested f’or this ra mm g e of modulu-
tion frequiencies amid voltages.

CURRENT ! 1 I fl FL Y
H 0 8 T 0 25 H

GE ATo~~~

,/
~\~~~~~~~P\~~~~~~~~~~r

\/\\/r\/\
Figure 5-5. Generator response to load changes

(h )  Exist ing specification requirements amid the technology being used are incompati-
ble. R&D is needed f’or tech nological approaches more compatible with system re qunirements .
For example ,  six-pulse rectification , which is time most popular type of ’ recti f icatio n - i in- i preset -it
Navy e qumipm - i i ent.  cautse s imidividual h armonic lit - ic currents as high as 20% (5th harn iom iic ).
This type of rectification is used extensi ve ly in the new switching regulator power supplies
(of ’f-Iine switching -mnode regulators ) . New proposed specifications limit the 5th h i armom iic to
3~ - as showni in figumre 5-6. TI-ic l’ilt er needed to at tenuate this harmomiic (300 Hz f’or 60-Hz
power) can he comparable in - i size to the electronic equnipment ’s power supply. Th is is an-i oh-
viouns area needing system level tradeoffs and R&D to fin - id better soluntions.

( C) Exi sting specit icatiomis arc generally silent on-i what to do with -i signal grounds. Ti-ic
exceptions are NAVSI-IIP S 0902-00 1 -5000. MIL-l-983 . amid MIL-F- 18870. All other spccit’ica-
tions are silent on this important  EMC subj ect. as shown in - i table 5 - I .
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Figure 5-6. Harmonic currents caused by rectificationi

Table 5-1. Ground of Signal Common
SPECIFICATION COM M ENT

General Specification for Ships of the US Navy Silent except for NTDS am-id ATE (section 400h )
NAVSHIPS 0902-001-5000
Electronic Equipment , Ship and Shore Silent
M1L-E-16400
Shipboard Bondi ng, Grounding Silent except for NTDS (section 5. 1. 1 and fi g 9)
M1L-STD-454
Sta ndard requirements for electronic equipment Silent
Mi L-STD-454
Shipboard Interior Equipment Amplifier power supp lies grounded to hull at one
MIL-I-983 point onl y. Hull shall not be umsed for signal comn-

n-ion unless approved (section 3.8 .6)
Fire Control Equi pment Single common ground connections roun ted to en-
MIL-F-l8870 closure and then to ship structure (section 3.5,3 .1)
Electronic Equipment , Missiles Silent
M1L-E-8 189
Electro nic Equipment , Ground Silent
MIL-E-4 158
Electronic Equipment , Airborne Silent
Ml L-E-5400
System EMC Requirements Silent

• MIL-E-605 1
Equipment EMI Requirements Silent
Ml L-STD-46 I
Aerospace System Bonding Silent
MI L-B-5087
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Navy shipboard genera l practic e appears to he to connect signal common to the chassis
within each enclosure. This forms a loop for hun li- itoise-generated cunrr cnts tha t app ears as a
legitimate signal in -i electro mi ic e qumip m ent , as shown in figu ire 5-7 . No information on hull
noise on-i Navy ships has beet-i located. Yet a knowledge of its characteristics in relation to
the noise margin omi im i tert ’ace circimits is mandatory f ’or proper EMC design.

ENCLOSURE A ENCLOSURE B

LINE DRIVER ~~ ‘~~ LINE RECEIVER ~~~

7
’

~ [ - 5> ~ SIGNAL 

~~SIGNAL COMM ON .~~~

~ 1 
T

~
C

~~~~~

RRENT

YF

I ~;~7
;
-5~

/
SHIP HULL 

HULL NOISE GENERATOR SHIP HULL

HULL NOISE AMPLITUDE RECEIVER NOISE MARGINS
U N K N O W N  T T L L O G I C ;  0 400V

R S 2 2 12 C  2 000V
MIL ST[) 188 100 4 500V

Figunre 5—7. Signial common grou nnd it i g:  condu n ctcd in t er l~ rcnce

The NTDS groumndin ig method has a similar ne ’ - f  fi)r describing the noise sources sh own
u - n f ’igumre 5—8 . Conm - imon nnode noise reject ion-i is a re ha fe d IirOl ) le mil t h i a f  requires better
control.

UI) Many problem -i- is are apparemi t with a system - i - i—level or i entat ion that  remain hidden at
the component- or equn ipmcnt -l ev cl  oricn i tat ion. For example .  time placement of ’ the EM 1 lit-
ters ( f ’eed—throu gii capacitors in -i figure 5-9) in the MIL -P—8 127 9/ 9 power supplies is no prob-
lem unless time regulator is used as a negative power supply.  There is still n o  problem unti l
system integration . Th -i cni , somewhere in - i ti -ic system . signal grou mnd an-i d chassis grou t - id arc
connected. When this  occurs, the feed-through capacitors Feed any noise on the input
directly to the load , total ly bypassing ti -ic regulator and its mai m I’i l ter.  TI-ic result is un ex—
plained glitches in - i Ume system. Tiiis type of sneak path is fairly common.
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ENCLOSURE A ENCLOSURE B
~ 7T~~7’ /7 77’7~i ~ 717 7,7~7T,7T’7~I, •I I, ‘

I

I, ‘I I,

LINE DRIVER LINE RECEIVER ~
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Figure 5-8. Signal common grounding: NTDS

• Methods of EMI control effective at regulator
level can cause system problem.

Example Problem

C  4 3 SG

I T f Mil-P-81279/9

Figure 5-9 . EM ! problem
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Switching regulator power supp lies have a constant power input characteri stic ( figure
5-10) that causes several potential problems not controlled by specification because the
problems can only be uncovere d with a system orientation. Negative input impedance can
cause system instability , especially if EMI filters are placed between the regulator and the
source. The regulator can be destroyed by low input voltages (low voltage yields h igh in-
put current) .

INPUT VOLTAGE OUTPUT CHARACTER~11C
(OUTPUT VOLTAGE OF CURRENT LIMIT DEVK~E

N

~~+~~
—

~~ 

INPUT CHAR~~TER1STIC
OF SWITCHUIG REGULATOI~

INPUT CURRENT

~OUTPUT CURRENT)

• Negative input resistance can cause power system instabilities

• Regulator can be destroyed by low input voltage

• Undesirable stable mode when operated from current-limited source

Figure 5-10. Constant power input

Surviving a low input voltage is not required by any general mili tary specification. If a
switching regulator power supply is powered from a current-limited souice such as a current-
limited power supply or a solid-state load controller with current li m it , the switching regula-
tor power supply can hang up in an undesired operating mode. In some cases. it can never be
turned on by the load control ler.

These types of problems . common to the technology the Navy is using, have not been
considere d in any of the current general specifications or standards .

5.4 IMPACT ON TIl E ACQUISITION PROCESS

The Navy systems acquisition process is a phased process with conceptual . validation .
development , production. ami d deployment phases. The key issue being presented here is that
specilications and standards , and the tests and evaluations they requir e. in large measure de-
tern iine what the Navy gets. The system specification and test re quirements are an output of
the validat ion phase in the acquisition process. Detailed specifications and test requirements.
as well as test and evaluation results , are an output of the development phase . This
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orientation of issues around specifications and standards was used in developing the entries
in table 5-2. Table entries listed under the conceptual phase heading identify issues that
have to be resolved before adequate systems specifications and test requirements can be
written.

The specifications and standards are an abstraction of what is wanted. The reality of
the system is in the hardware/software and operations procedures as delivered to and used
by the Navy. Activities after the specification and test requirements arc a form of reality
testing and confidence building. Is the Navy getting what it asked for (through the contract
specifications and standards) and does the system support the mission requirements ’ If the
answer is no , reiteration through the phases is used to correct the situation.

The previous sections have shown that , as presently written , the general specifications
and standard s controlling EM-Power are only partially adequate for avoiding EM-Power prob-
lems. For air and ship programs it is indicated how the general specifications can be tailored
by the detailed specifications so that the probability of avoiding EM-Power problems in the
system is maximized.

AIR PROGRAMS. The general specification for airborne electronic equipment is MIL-
E-5400. This specification covers the general requirements for airborne electronic equipment
for operation primarily in piloted aircraft . The detail perfo rmance and test requirements for
a particular equipment are specified in t h e  detailed specification for that equipment.
Appendix E provides the air program managers with the MIL-E-5400R EM-Power specifica-
tion tree and a discussion , in flow diagram format , of how to tailor the detailed equipment !
system specification to minimize EM-Power problems in the equipment/ system.

SHIP PROGRAMS. The general specification for ships and its relationship to the various
shipboard electronic specifications are discussed in appendix F. There is no flowgraph
(equivalent to the one on MIL-E-5400) given as an aid to tailoring the detailed specifications:
however , the EM-Power specification trees for MIL-E- l 6400 amid MIL-F- l8870 are provided.
The flowgraph for MIL-E-5400 can be used as a guide for tailoring. Shipboard power for
electronics should always be specified as 3-phase (reduces structure currents), 60-Hz
(eliminates frequency changers), 440-V (eliminates step-down transformers), Type I (elimi-
nates regulators) unless detailed trade studies show other power to be advantageous from the
total system viewpoint.

5.5 ADEQUACY OF EM-POWER SPECIFICATIONS AND STANDARDS SUMMARY

The purpose of general specifications and standards is discussed and the conclusion is
reached that they are an essential part of the contractual method by which the Navy assures
it gets what it wants from a contractor. The EM-Power specifications are then reviewed from
a system viewpoint and found to be incompatible with each other , with technology , and
with Navy needs in many important aspects. The impact on the acquisition processes is dis-
cussed along with methods of tailoring detailed specifications to overcome the shortcomings
of the general specifications until these shortcomings can be corrected.

5-1 1
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6.0 FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS

The findings , conclusions, and recommendations of this report are included in the
summa’ .

I
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1.0 INTRODUCTION

One of the goals of the Tactical Electromagnetic System Study Action Council (TES-
SAC) technical team is to recommend specific actions that will ultimately improve the capa-
bility of Fleet aircraft and surface ships in performing their missions in various self induced
and externally imposed electromagnetic environments. A preliminary task (ref a task 1 . I . 1)
is to identify the platforms/equipments/systems and electromagnetic environments of con-
cern to each technical team discipline and to rank them in order of priority. This report
does this for the discipline of EM-Power. EM-Power is the TESSAC nam e used for the
subset of electromagnetic compatibility ( EMC), electromagnetic vulnerability (EMV), elec-
tromagnetic pulse (EMP), and safety disciplines related to the platform power system and
the interface between the power systems and other electrical amid electronic systems and
equipments. Because the signal ground of electronic systems is usually the power supply
secondary ground in electronic equipment , and because signal grounds on ships terminate on
the ship hull , the EM-Power discipline also includes signal grounding topics.

Electric power is totally unique in that it is essential for all 15 mission areas of Fleet
units defined in the Naval Combat Readiness Criteria (re f b) . To list all of the Navy fleet
units and their electrical/electronic equipment , none of which function without electrical
power , would provide little usefu l information for TESSAC purposes. For this reason this
report takes a more general approach where the functional properties of the electrical power
system interface are ranked in priority of impact upon mission capabilities. The rationale
for the ranking is discussed. Next the platfo rm/ systems/ equipm ent priorities are determined
by 1) how much the systems and equipments degrade the platform critical power character-
istics , 2) how sensitive the systems and equipments are to degraded power, and 3) how
sensitive mission capability is to these degraded systems and equipments. Finally EM envi-
ronmental priorities are determined by the impact of the environment on platfo rm critical
power characteristics.

2.0 EM-POWER PRIORITIES

2.1 FUNCTIONAL PRIORITIES

The functional and nonfunctional  properties of the electrical power in terfaces are
developed first in relationship to mission areas. These properties are then used to establish
criteria for assigning priorities to specific platforms amid equipments and to electromagnetic
environments for the EM-Power discipline.

The properties of the electrical power interfaces in approximate order of priority are :

a) Discontinuity of power
h) Voltage and frequency variations (steady state and transient)
c) Load interactions
d) Voltage waveform distortion (ac power)
e) I -lull current generator ( ships )

These functions are fur ther  discussed.
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2 . 1. 1 Discontinuity of Power

Electrical power is essential to all fifteen mission areas of Fleet units (mission areas are
listed in enclosure (3) of reference (b)). Thirteen of these mission areas involve either sur-
face ships or aircraft or both. Without electrical power , these missions either cannot be
performed at all or are severely hampered.

This is only part of the problem since restoration of electrical power does not necessar-
ily immediately restore full mission capability. Refe rence (c) reports on the results of a
survey of 37 Pacific Fleet ships asking for information about the frequency, criticality, and
effect of momentary loss of power (3 to 30 seconds) upon ship mission capabilities. Many
equipments suffe r performance degradation for extensive periods of time , up to 20 hours to
recover full operational capability. Table 1 summarizes the recovery times for the 65 equip-
ments investigated. These equipments a ffect mission capabilities such as: loss of aircraft
carrier ability to marshal aircraft , loss of precision landing control , aircraft identification .
detection and tracking, fire-control coordination , missile firing. intercept contro l , ECM
coordination , CIC data link , tactical displays , and navigational inputs  to ship and aircraft .
Loss of these mission capabilities has potentiall y serious effect on the ship safety and mis-
sion if the electrical power interruptions occur at a critical time. These interruptions oc-
curred an average of 2.4 times a month for underway ships. Forty percent of the interrup-
tions resulted in load equipment damage , degradation or excessive downtime.

The problems with power interruptions on aircra ft can be similar and equally severe.
Even though the power interruption is usually shorter on aircraft , typically less than 50
milliseconds on switchover . the aircraft requirement for small size ami d lightweight equip-
ments puts a practical l imitat ion on the energy storage capability of each aircraft equipment
power supply.

TA BLE A .l.  RECOVERY TIME OF SHIPBOARD ELECTRONIC EQUIPMENT
TO POW ER INTERRUPTIONS (3 10 30 SECONDS)

TIM E RANGE
TIME RANGE TO ACH IEV E

TO RETURN TO FULL EQUIPMENT
OPER ATION PERFORMANCE

EQUI PMENT TYP E (MINUTES) (MINUTES)

ECM 3 60
RADAR PPI 3 30

SONA R (FC ) 5 5

SONAR 1-30 5-30

RA DA R (TRAFFIC CONT ROL) 3.15 60
NAVIGATION EQUIP MENT 45-240 60-1200

(3/44 his) ( 1. 20 his)

- 
SEARCH RADAR 3-10 5.60
PR0CEssIN(; EQUIPMENT 1- 180 180.300
RA DIO COMMUN I CATION EQUIPMENT 1 -30 5.30
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For these reasons , continuity of electrical power is comisidered the first functional
priority in the EM-Power area for both ships and aircraft .

2.1 .2 Voltage and Frequency Variations (Steady State and Transient)

The impact upon mission areas of deviations from voltage and frequency l imits  is high-
ly dependent upon the sensitivity of electrical/electronic equipment to out of tolerance
conditions. The degradation threshold is dependent upon parameters such as design mar-
gins , environment (eg, temperature ), loading factors , u sage , and manufacturing tolerances.
Voltage and frequency tolerances that are grossly out of specification may activate protec-
tive circuits such as over/under voltage rela~s or o~er/um ider frequency relays amid thereby
have the same effect as loss of continuity of power. For these reasons , out-of-tolerance
voltage ami d frequency characteristics of either a steady state or a transient nature are con-
sidered the second functional priority in the EM-Power area.

2.1 .3 Load Interactions

A characteristic of the power interface is its capability to couple undesired signals
(EMI) from one load to another and to the power systems through the equipment power
lines. The effect of this EMI can range from loss of continuity of power or equipment
damage to minor performance degradation of the susceptible equipment .  Since loss of
power is possible , load interactio lis are ranked third in priority.

2.1 .4 Vol t age Waveform Distortion (ac power)

Excessively distorted voltage wavefo rm s can cause increased power losses imi magnetic V

devices , reduce the torque of hig h-efficiency induction motors. , e  xcite undesirable vibration
modes , cause some types of ac voltage and current meters to mis-indicate, a ffect regulator
settin ~~, degrade the accuracy of servo systems, amid cause performance degradation of elec-
tronic equipment  sensitive to voltage waveform distortion. The distorted wavefo rm is also
the driving potential for harmonic currents flowing in the hul l .  Since these ph emiomena
normally result in a degradatiomi of mission perfor mnamice rather thami loss of capabili ty,  volt-
age wavefo rm distortion is ramiked as the fou rt h fum i ctiom ia l priority in the EM-Power area.

2.1 .5 Hull Current Gemierator

An undesired characteristic of the shipboard power system is to act as a generator for
hull  currents. As opposed to t h e  grounde d four-wire airc ra ft ac power system , the ship ac
power system is an ungrounded three-wire system. Umibalance of capacitance to ground
(often aggravated by EMI filters ) . unbalance of three-phase loads , amid use of sing le-phase
loads , all act to couple voltages into the low-impedance hul l .  I-lull currents flow to mieutra l-
lie these hull  voltages. The presence of hul l  cu rrents can affect the ship ’s groum id detectiomi
system and degaussing system. and a ffect perfo rniamice of equip memi t tha t  is sensitive to
current flow across the equipment  enclosure .

In aircraft , the si tuat ion is different since the aircraft  frame amid skim , are usually the
neutral  for the ac power system and the dc negative returmi . However , intemitiom i al  use of the
air frame as a current path may be a problem in an EMP and li ghtning environment  and may
offe r other problems since newer aircraft  USC composite material  p amiels in the skin.
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2.2 PLATFORM / SYSTEM/EQUIPMENT PRIORITIES

The availabil i ty of electrical power with the proper characteristics is essemitial to accom-
plish the primary and secondary mission areas for all t h e  surface ships and aircra ft types

• listed in re ference (b). The criteria used here to select the platform priorities for EM-Power
are firs t , the presence of loads that degrade th.~ platform electrical power characteristics
(discussed in paragraph 2 . 2 . 1)  and second, the eq imipment / system/mission sensit ivi ty to
degraded power (discussed in paragraph 2 .2.2).

For ships , the worst of these conditions usually occurs on large combat ships.

For aircraft , the worst of these conditions usually occurs on aircraft using electrical
actuators amid motors (as opposed to hydraulic or other nonelectrical methods) amid havi ng
critical electrical systems such as fly-by-wire systems or extensive data-processimig equipment .

2.2.1 Load Degradation of the Power Interface

Most electrical power systems have l i t t le  diff icul ty imi m aimita inimig proper output  char-
acteristics with linear static loads. Rectifier loads , pulsing loads , amid motor startimig loads
are the problem loads.

Rectification of the ac power is a mion l imiear process that  distorts the power system
voltage waveforms through the gemieratiomi of har momiic currents.  Almos t all electronic loads
rectify ac power and the larger electronics loads (radar , sonar , and ECM) are problem loads.
These loads are also often large pulsimig loads which cause modulation of the power system.
When motors start , they dem amid a large inrus h current , as does equip m emit having large
capacitor bam iks which need charging. The surge curren ts draw m i by these equipments pro-
duce voltage droops oftemi followed by overshoot in the power system. This modula t ion of
the power system cami degrade sensitive loads.

2 .2 .2 Equipme i it/ System/Mission Semisiti v ity to Electrical Power

Missiom i capability is more and more dependent upomi electronics techmio logy. Electron-
ics technology tends toward the imicreasing use of digital processing and control techniques.
And , in digital processim ig, the use of memory elememits is imicreasing. As an example , syste ni
equipment  intercom inections are being desi gned as serial-data-tramismissiomi limie s . which pro -

• vide lower cabling weight amid complexity ami d permit greater fum i ctiom ia l redundancy.  The
• required parallel-to-serial conversion for serial data transniission requires miiem nory ele memits.

b u t  dig it a l  systems with memory are very sensitive to transient  power losses. For these
• systemns , recovery software and hardware must be used to correct errors and to preserve and

reconstruct memory . A paradox of this situa tiom i is that unless they are car e fully desi gmied.
the most advanced platforms with the most advanced systems arc those platfo rm s most
susceptible to loss of mission capability throug h degradatiomi of power system characteristics.

• 2.2.3 Ship Platform Priorities

Based on the criteria discussed, the EM-Power priority leaders are shi ps conihimii n g large
surging or pulsing loads with sensitive di gital processing systems and ships having electrical
au mto mna t i c  control systems. CVs and DLGs which combine search radars such as the
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AN/SPS-48 with NTDS are examples of the former. The LHA , DD 963, and the PHM are
examples of t h e  latter . Excessive nonlinear loading of the power distribution to a point
where harmonic voltage distortion becomes a problem is an EM-Power priority. This is
likely on ships where electronic and other rectified loads are a major portion of the power
system loads such as the more sophisticated combat ships.

2.2.4 Aircraft Platform Priorities

The EM-Power priority for aircraft are those having electrical actuators and/ or pulsing
• loads combined with digital processing equipment and those having digital controls or elec-

tronic control systems. Examples of the former would be airc ra ft like the E-2C , S-3A , and
F-l4 which all have sophisticated digital processing equipment as well as pulsing radars and
electrical contro l surface actuators. Examples of the latter are fly-by-wire systems which
use low-level signals to actuate control surface motors such as the F-16 and F-18.

2.3 ENVIRONMEN TAL PRIORITIES

The severest EM emivironment for the electrical power system is one that risks loss of
continuity of power. Intuit i vely this would seem most likely to occur during an electromag-
netic pulse (EMP). The input power lines to electronic equipmem it are known input ports

• for potentially damaging EMP effects. Pulses in the power system could affect electrom iic
equipment so that it would appear as a transient or permam ient short circuit to the power
system , causing protective circuits to activate , This depends on the extemit to which EMP
effects get into the power system , which is unknowmi (by the EM-Power team) at this time.
The potential e Tect of the EMP environment tL~~Ofl airc ra ft electrical systems has been ex-
plicitly recognized in the Operation uh Re quiremem it (OR) (refe rence (d)) for the Advanced -

Aircra ft Electrical Systeni (AAES). EMI /EM P protection is listed first in the capabi lities
required in this OR.

Other severe EM emivironments for the electrical power system are those that place the
greatest dynamic loadim ig upon the power system. This woulc~ occur during combat comidi-
tions where radars , sonars . missile launchers , guns , ECM, aircraft , and ammuni t ion  elevators
are all functioning. This is also the emivironment in which susceptible eqeipmemit must oper-
ate with min imum degradati omi . Comnhat is also the emiviromiment where nomi-EM threats
(battle damage) m a y  also cause loss of cont in u mity  of power.

2.4 SUMMARY OF PR IORITIES

The maxim uni impact up omi mission areas in EM-Power occurs wh emi cont inui t y  of
power is lost. This is mos t likel y to occur dur ing combat operations in which batt le damage
occurs and possibly when an dectromagnetic pum lse (EMP ) occurs. The effect omi mission
capability due to loss ot c on t inu i t y  of power may be subst am itia l .

Situations that place t im e greatest dynamic  load on the power system are the next  prior-
i ty.  Again , this usually occurs duri mig combat comiditions amid has the greatest effect on
mission areas whemi the e ffects of the dynamic  loading of the power system cause degrada-
tion of susceptible equipmemit.  The major dynamic loads are large niotors , electrical actua-
tors , radars , sonars , and pulsed high-power ECM and lasers. There is no generic way to
define susceptible equipment but equipments using digita l data processing amid aut omn at i c
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controls are of special interest because of their increasing use and their impact on mission
capability when they malfunction.

V 

REFERENCES

(a) Statement of Work for TESSAC Technical Teams , 28 Sep 76
• 

‘ (b) OPNAVINST 350l .2D , OP-643C, 24 Jul 1974
From: Chief of Naval Operations , Subj : Nava l Combat Readiness Criteria

(c) Chief of Naval Development , Navy Technology Projections, Part Ill , Advanced System
Concepts , Improved Continuity of Shipboard Power , I October 1971

(d) OR-WSLO4, Operational Requirement (OR) Advanced Airc raft Electrica l Systems
(AAES), 8 Jul 1975
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APPENDIX B: ELECTROMAGNETIC ENVIRONMENTAL DESIGN PROCEDURE

The Statement of Work for TESSAC technical team leaders (A-2 ) used a flow diagram
of the electromagnetic environmental design procedure (figure B-I ) as a methodology for
determining the state of the technology and the technical capabilities of the Navy. The
EM-Power discipline found this methodology quite useful in locating and collecting the
needed data.

During visits to Navy facilities and at the EM-Power Workshop, questions based upon
the design procedure were asked. Interviewees were asked what tools and techniques they
used to select system componemits. Example questions were: How do you determine the
kilowatt rating of the ship-service turbine generators for the conceptual design of a ship, or
how do you determine the attenuation needed for an EM! filter? They were also asked
what tools and techniques they used to arrange system components. Example questiom is
were : How do you determine cable spacing or how do you do circuit design? Other ques- 

V

tions asked for analytical and measurement tools and techni ques. The tools and techniques
compiled by this process are listed in table B-I .  Each page of the table is a description of a
design procedure used to select , arrange , analyze , or measure components in a system , sub-
system , or circuit.

The tool or technique used in the Navy EM-Power electromagnetic design process most
frequently listed by the respondents was the “engineering judgment ” of the engineer as-
signed to the task. This is described in general terms for EM-Power in the fi rs t desigm i
procedure .

In this collection of procedure s, no attempt was made to describe coin mon . widespread
procedures used by many facilities , such as the ability to make mneasurements as cited iii
MIL-5TD-46 1. In addition , since any laboratory can perform amiy task given sufficient time
and funding, no capability was included in the table unless th at  capability was being used

• for EM-Power purposes with equipment amid trained personnel presently available.

B-I
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Figure B-I. Electromagnetic environment design procedure .
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TABLE B-I . ELECTROMAGNETIC ENVIRONMENTAL DESIGN PROCEDURES.

Electromagnetic Environmental Design Procedure I

V NAME: Engineering Judgment.

DESIGN PROCEDURE: Select , Arrange , Analyze , and Measure .

• METHOD: Personal judgment of engineer doing work , as modified by those
having supervisory or approval authority over his work .

DESCRIPTION: Engineer assigned the task decides or is given an approach within
his capabilities and resources and proceeds in doing the job.

INPUT: Professional training, experience , observations , calculating tools ,
textbooks , handbooks , specifications , standards , rules and regulations , opportunity to
observe or measure , measurement tools.

OUTPUT: Selected components , arrangement of components , analysis of
performance , measurement of performance.

STATUS: Operational. Design in the EM-Power field relies heavily on the
experience of senior personnel and on measurement and test to validate the design. The
lack of state-of-the-art analytical capability, the lack of an adequate documented corporate
memory, a very limited flow of young engineers into the Navy EM-Power field , and the
growing sophistication of the field indicate there may be a serious loss of capability when
present experienced personnel are lost through attrition.

COMMENTS: None .

REFERENCES : None.

FURTHER J Foutz , Cod e 9234
INFORMATION: NOSC , San Diego , CA

AV 933-2752.
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TABLE B-I. (Continued)

Electrom agnetic Environmental Design Procedure 2

NAME: Cable Spacing.

DESIGN PROCEDURE: Arrange : also , aid in selection and analysis.

METHOD: Handbook tables.

DESCRIPTION: Identifies the cable separation and cable shielding requir ements in
power/e lectromiic sigmial distribution of submarines. The procedure can be used for other
platforms.

INPUT: Susceptor ami d radiator category . frequency range of signals on
cable , amplitude of signals , cable types , design performance sensitivity of susceptor , amid
cable spacing restriction (maximum cable spacing permitted in imista llation ).

OUTPUT: Using the input  info rmation , the radiator and susceptor categories
and group numbers are established from tables. The susceptor and radiator group numbers
are coordinates on a table where the intersection yields the minimum cable spacing (inches)

• without additional shielding. If additional shielding is required , the effectiveness in dB is
V determined from the lowest frequency in the passband of the susceptor. A miew susceptor

group number corresponding to the susceptor cable with shielding is assigned. If the new
minimum spacing is less than the spacing restriction , the cabling will present no system deg-

• radation with the instalk~ion.

STATUS: Operational. The need for this type of amialysis omi platforms other
than submarines has been realized and NUSC was requested to change the title of the hand-
book to reflect ships rather than submarines. This was recently done.

COMMENTS: This capability is becoming more important because mod ermi de-
tectors amid receiving circuits are being designed with increased sensitivity and lower front-
end noise characteristics , thereby niaking them sensitive to performance degradation by
electromagm ietic interference. This cable analysis was used in the TRIDENT submarine
program deve l opm n emit and significaiit ly reduced the weig ht and cost because shielding was
eliminated in those cases where the analysis proved it unnecessary.

• REFERENCE: NAVSH IPS 0967-LP-283-5010, Handbook of Shipboard Electro-
magnetic Shielding Practice , Section 6. Prepare d by Naval Underwate r Systems Center . New
Londomi , for Naval Ship Engineering Center , I March 1 968. Change 5 , 1 December 1977.

FURTHER PJ Johnson , Code 344
INFORMATION: Nava l Underwater Systems Center

Newport , RI 02840
AV 636-2626.
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TABLE B- 1. (Continued)

Electromagnetic Environmental Design Procedure 3

NAME: Harmonic Voltage Distortion.

DESIGN PROCEDURE: Analyze.

METHOD: Computer modeling (Fortran).

DESCRIPTION: A computer program determines the harmonic voltage distortiomi
at various points in the ac electrical power distribution systeni caused by loads containing
rectifier circuits (virtually all electronic and dc loads). Accurate through 13th harmonic.

INPUT: Topology of the power distribution system and loads, parameter
values for generator (pure inductor), cable (pure inductor), and filter models (inductor-
capacitor networks), kW rating of each load from power analysis or other data source. Any
unique imiformation or harmonic current amplitude distribution if kiiown. Program assumes
6-pulse rectification with inductive input filter on load side of rectifier if not modified by
unique information.

OUTPUT: Individual harmonic voltages at all nodes of the power distribution
system. Distortion for various slopes of fall-off current amplitudes is output ;  (ie , 6 dB/
octave , 9 dB/octave , 12 dB/octave).

STATUS: Operational. Model fully validated by comparing to actual meas-
urements taken on submarine land-based test site and actual submari ii e power systenis.
Program consists of approximately 100 FORTRAN statements , NUSC , New London , has
extensive data base on all types of Navy cables used in power distribution systems (presem itly
available as computer printout) that can be used to obtain cable paranieters needed in mod-
el. Parameter data are available for some submarine generators at NUSC. DTNSRDC has
data for some surface ship generators. CEL has data for some shore generators. Gemierator
manufacturers are also a source for generator inductive output  impedam ice data.

COMMENTS: None.

REFERENCE: NUSC Technical Memorandum 344-47 7-76 , Prediction of Total
Harmonic Distortion on Shipboard Power Systems

FURTHER G Majewski , Code 344
INFORMATION: NUSC , New London , CT

AV 636-2629.

B-5

V VV VV IT

TTTT ~



- —~~~~~~~~~~~ —- ~~ —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ + —~~~~——— . . . • ,~~~
_ • ~~~~~~ . .,. .. ...

TABLE B-I . (Continued)

Electromagnetic Environmental Design Procedure 4

NAME: Harmonic Voltage Distortions — Higher Harmonics.

DESiGN P ROCEDURE : Analyze.

• METHOD : Computer modeling.

DESCRIPTION: Extends existing computer modeling prog ra m for determinim ig
harmonic voltage distortion at various points in the ac electrical power distribution to a
program that analyzes t h e  harmonic distortion at frequencies greater tham i the 13th harmon-
IL . The analysis takes into account the number of loads applied to predict the aiiiount of
harmonic phase cancellation that can be expected.

INPUT: To be determined.

OUTPUT: To be determined .

STATUS: Under development. Beim ig developed by t h e  University of Penn-
sylvania amid MISC V A rough draft  report is complete on the concept and approach with
theory and test data. Plans are to incorporate the results into an existing program after the
approach is reviewed amid validated.

COMMENTS: None.

REFERENCE: Report in progress (3/ 11/ 77 )

FURTHER G Majewski , Code 344
INFORMATION: NUSC , New London , CT

AV 636-2629.

Dr Ralph Showers
• Umiiversity of Pe minsylvan ia , Moore School of Engineering

( 2 1 5 )  243-8 1 23.

B-6

- • ~~~~ VV ~~~V ~~~~~~~~~~~~~~~~~~~~~~~~~ 

•_ V ~~~~~~~~~~~~~~~~~~~~~~~



• • •  - • V  _~~~~~~~~~~~~~~~~~~~~~~ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -s

TABLE B-I . (Continued).

Electromagnetic Environmental Design Procedure 5

NAME: Structure Current Measurement-Cable Probe.

DESIGN PROCEDURE: Measure.

METHOD: Measurement using current probe.

DESCRIPTION: Current will flow in the grounding structure (ship hull) if the feed-
through capacitors in two equipments are not balanced. This current can be measured by
placing a current probe around the cable carrying power between the equipments and meas-

• uring the current unbalance in the cable. This is illustrated in figure B-2a for two equip-
ments using single-phase power. Figure B-2b is the equivalent circuit that can be used to
calculate the current flowing in the hull between the enclosures. This current can be meas-
ured with a current probe around the power cables between the two equipments , since the
current on the hull is equal to the unbalance of current in the cable. A 10-percent unbal-
ance of one capacitor will cause about 2.3% of the current flowing in a feed-through capaci-
tor to flow through the hull.

INPUT: Not applicable.

OUTPUT: Measurement of unbalanced power cable current equal to hull
current.

STATUS: Operational.

COMMENTS: None.

REFERENCE: NUSC ltr ser 7344-189 , Procedure for Measurement of Structure
or Common Mode Noise , Enclosure 3, 20 May 1977 +

FURTHER PJ Johnson , Code 343
INFORMATION: NUSC , New London , CT

AV 636-2626.
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TABLE B-I . (Continued). V

Electromagnetic Environmental Design Proced ure 6

NAME: Structure Current Measurement — Coil Probe.

DESIGN PROCEDURE : Measure .

METhOD: Measurement using Helmholtz coil and current probe.

DESCRIPTION: An electromagnetic pulse (EMP) induces currents in all metal
structures exposed to the pulse. Current flowing in the structure creates an H-field that can
be sensed by a Helmholtz coil adjacent and perpendicular to the surface. A current probe
around the coil induces a current proportional to the current flowing in the structure.

INPUT: Not applicable.

OUTPUT : Measurement of current flowing in exterior structure of an aircraft
or ship resulting from an EMP.

STATUS: Operational.

COMMENTS: Adaptable to other structure current measurements besides EMP
effects.

REFERENCES: AFWL EMP Measurement 1-1 , Air Force Weapons Laboratory
Electromagnetic Pulse Sensor Handbook , Jun 1971.

FURTHER RJ Haislmaier , Code WAS 1
INFORMATION: NSWC , White Oak , MD

AV 290- l 743.
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TABLE B-I.  (Continued)

Electromagnetic Environmental Design Procedure 7

NAME: Ship Power Requirements-Conceptual.

DESIGN PROCEDURE: Select.

METHOD: Computer modeling.

DESCRIPTION: Estimates the size of the ship ’s electric plant prior to the availabili-
ty of any information on the power consuming equipment. This estimate is computed by
entering such parameters as the ship ’s length , width , tonnage , number of people berthed ,
and mission. The calculation is made from a single equation in a FORTRAN program for
ship design consisting of 10 to 20k FORTRAN statements.

INPUT: Ship ’s length , width, tonnage , number of people berthed , mission ,
etc.

OUTPUT: Estimated number of kilowatts require d to power ship ’s electrical
system.

STATUS: Operational.

COMMENTS: Results have been as close as 3% of the measured load.

REFERENCES: Ship Design Synthesis Models — Destroyer Model DD67

FURTHER A Fuller , Code 6144
INFORMATION: NAVSEC , Wash , DC

AV 222-8 160
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TABLE B- 1. (Continued)

Electromagnetic Environmental Design Procedure 8

NAME: Aircraft Power Requirements — Conceptual .

DESIGN PROCEDURE: Analyze.

METHOD: Load analysis.

DESCRIPTION: Est imates the size of the aircraft generators required on new air-
craft. A preliminary load analysis is mad e based on background data , core avionics , esti-
mated mission avionics, weapons systems, and growth potential. Refinements are made as
actual load data become available.

INPUT: See description.

OUTPUT: Size of electrical power plant in kW.

STATUS: Operational

COMMENTS: None.

REFERENCES: Milita ry Specification MIL-E-70 l6F (ASG), Electrical Load and
Power Source Capacity, Aircra ft , Analysis of , 20 Jul 76.

FURTHER J Segrest , Code 6073
INFORMATION : NADC , Warminster , PA

AV 44 1-2354.
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TABLE B-I.  (Continued ) .

Electromagnetic Environmental  Desi gn Procedure 9

NAME: Ship Power Requirements — Load Power Analysis.

DESIGN PROCEDURE: Select.

• METHOD: Computer inode l imig.

DESCRIPTION : This Fortran program is used to perform a power analysis of a
ship ’s electrical system from a list of power comisuming equi pment and is used to determine
the size amid number  of electric generators required. It is also used by the shipbuilder as a
basis for developing the final list of a ship ’s power consuming equipmemit.

INPUT: Power con summ im i g equi pment parameters are entered into the com-
puter manual ly  or by computer extract iomi from a library file on power consuming equi p-
ment.  The data entered consist of equipment call number , name , horsepower, and kilo-
watts. Each equipment inpu t  is listed by load categories (auxil iary machinery , hotel ,
propulsion auxil iary , steering. etc )  tip to a maximum of six categories. Each input must also
be labeled wi th  the power loading for various operating conditions (anchor , cruising, battle ,

OUTPUT: The program per iVorms all t h e  data manipulat ion , calculation amid
form n att ing from a list of power consuming equipment for the analysis of the ship ’s electric
plant .  The process in g consists of mul t ip ly ing  the quant i ty  of equ ipmemit by the kilowatts
per equ ipm n e l it  to obtain the connected load. This, in turn , is multiplied by each ship ’s
functiomial  load factor to obtaim i the ship ’s functional loads. Output  data are formatted to
print  equ ipmi em i t t i t le , category . and loads. An option can list power cons tmniing equi pment  V

and power c; tegory iiumbers grouped according to their power categories. A summary page
lists the toial  power required for all load categories wi th  a 30~ growth factor al lowamic e .
The growth factor is not applied to the pro pulsion and steering categories because future
power demand is not ant icipated.

STATUS: Operational.  Thi s work was authored amid has been used since
I 9o(,.
(‘OMMENTS : None .

REFERENCES:  The proced umr e is documented in NAVSH IPS 0900-006-5 150 , Ship
Design (‘ompu t er  Program . Sh ip ’s Electric Power Analysis and List of Power-Consuming
E quipment .

FURTHER FL Henricksomi . Code 6 156D
INFORMATION: NAVSEC , Wash DC

AV 222 -6062.
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TABLE B-I.  (Continued).

Electromagnetic Environmental Design Procedure 10

NAME: Aircraft Power Requirements — Load Power Analysis.

DESIGN PROCEDURE: Analyze.

METHOD: Specification.

DESCRIPTION: This analysis identifies indivi dually the real and reactive power
requi red for each loa d and computes the total power requirement for all aircraft operating
conditions in order to assure that the primary, secondary , and emergency electrical power
systems have adequate capacity .

INPUT: Input data consist of individual equipment loads and load usage
versus fl ight mode. +

OUTPUT : Total power requirement versus flight mode.

STATUS: Operational . This procedure is used on all Navy aircra ft .

COMMENTS: All airframe contractors have this capability, either by manual or
computer-aided compilation. The electrical load analysis per MIL-E-70 16F is require d for
all Navy aircraft.

• REFERENCE: Department of the Navy Military Specification MIL-E-
• 70l6F(ASG), Electrical Load and Power Source Capacity, Aircraft , Analysis of , 20 July

1976

FURTHER WL File , Code SY6O
INFORMATI ON: NATC , Patuxent River , MD

AV 356-4161.
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• TABLE B-I.  (Continued)

Electromagm ietic Environmenta l  Design Proced u re I I

NAME: Fleet Ma imit cnance Data Bank (MDCS, 3-M) .
V 

DESIGN PROCEDURE: Data Bank.

METHOI) : Data acquisiti oli amid re t rieval system.

DESCRIPTION : Establishes a historical data base on imi-service equipments with
regard to maintenance and logistic support requirements.

INPUT: Reports filled out by the Fleet maintenance techniciamis responsi-
ble for the equipment reported on; these reports include completed corrective maim itemiance,
failed parts reports , deferred preventi ve and corrective maintenance , and field change/
alteration status. Tile reports inc it mde , as applicable , the unit reporting (ship, aircraft squad-
romi), the equipment reported on , identify ing numbers (serials, idemitif ’ication codes , etc),
man-hours expended , parts costs, various codes describing as-discovered inf ’ormation , equip-
ment status , cause o~ action , action taken , and a narrative of the maintenance action.

OUTPUT: A wide variety of stamidard outp u mt reports that array the informa-
• tion by equipment , ship , or ship type is available. Most maimitemian ce amid logistics

parameters can be obtained directly or easily computed fro m MDCS reports . Trends and
status of equip m ent support can be ascertained. Man-hour expem iditures amid support costs
are readily accessible.

STATUS: Operatiomial.

COMMENTS: MDCS data are usefu l in monitoring logistic support status , com-
put ing actual life-cycle costs , and identif y ing chronic desigmi deficiencies and high-failure -
rate components. The analysis of ’ existing equipnients is oftemi ami essential step in determin-
ing design-to-cost support parameters for miew equ mipmemits.

REFERENCES: 1) OPNAV 43P2, Maintenance & Material Mana gement (3-M)
• Mam mal , OPNAV 433, 10 Oct 1969 ( frequem i t changes)
+ 2) Catalog of 3-M Products , MSO Instruction 4790 .lA (Air) and
• 4790.2 (Ship), Fleet Material Support Office , Mechanicsburg , PA.

FU RTII ER Maintenance Support Office Dc partment
INFORMATION : Fleet Material Support Office

Mechanicsburg , PA 1 7055
AV 277-2043 (Ship)
AV 277-203 1 or 2669 (Air ).
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TABLE B-I. (Continued).

Electromagnetic Environmental Design Proced u re 12

NAME: Cable Parameter Data Base.

DESIGN PROCEDURE: Data Bank.

METHOD: Tables.

DESCRIPTION: This tool is a data base describing the electrical characteristics of
cable types used in submarines. The same cablec are used in surface ships.

INPUT : Cable designation number (any cable listed in MIL-C-9 15 or
MIL-C-I 7).

OUTPUT: Inductance , capacitance , current carrying capaci ty , amid radiation
characteristics.

V 

STATUS: Operational. This data base is actively used as an input to the
TRIDENT EMC prediction models for determining low-frequemicy cable separation require-
ments and harmonic voltage distortion content. The cable parameters are presently availa-
ble as a computer printout.

COMMENTS: Cable models were validated by empirical measurement.

REFERENCES: NUSC ltr ser 7344-38 , Stand ard Navy Twisted Wire Cable Data ,
Enclosure 1 ,28 June 1977

FURTHER G. Majewski , Code 344
INFORMATION : NUSC , New London , CT

AV 636-2629.
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TABLE B-I.  (Continued ).

Electromagnetic Environm enta~ flesign Procedure 13 
V

NAME: Load/Power Source Interactions .

DESIGN PROCEDURE: Analyze.

METHOD : Coni2uter simulation (amia log) .

DESCRIPTION: An analog computer simulator is used to model the power genera-
tor responses to repetitive pulse loads up to 3 kHz. Large pulsing loads can cause excessive
power line ripple or regulator instability in dc generator systems. This simulation will estab-
lish performamice limits of the generator system.

INPUT: Gemier-ator system analog and power processor (loud) amialog.

OUTPUT: System voltage stabi lity as a function of load pulse amplitude.

STATUS: Operatiom ial . This analysis is being applied iii aircraft generator
development programs by Garrett Corporation. The capability is not available in a Navy
facility.

COMMENTS: None.

REFEkENCES: None.

FURTHER RH Ireland or J Segrest , Code 6073 
V

INFORMATION : NADC . Warminster , PA
AV 44 1 -2354.

V F Echolds
Garrett Corporation , Torrance , CA
(2 13) 323-9500 X3203 .
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TABLE B-I . (Continued)

Electromagnetic Environmental Design Procedure 14

NAME: Mobile Test Van-Aircraft .

DESIGN PROCEDURE : Measure .

METHOD: Measurement.

DESCRIPTION : A van especially configured with a full complenient of analog and
digital instrumentation to measure steady-state and transient electrical power parameters
on an operating aircraft on the ground.

INPUT: Not applicable.

OUTPUT: Test data.

STATUS: Operational. Currently is used at NATC.

COMMENTS: Mobile laboratory has facilities to communicate wit h aircra ft pilot
to coordinate measurements with aircraft operating conditions.

REFERENCE: None.

FURTHER GR Danks , Code SY6O
INFORMATION: NATC , Pat uxent River , MD

AV 356-4701.
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TABLE B-I. (Continued).

Electromagnetic Environmental Design Procedure 15

NAME: In-Fligh t Data Acquisition System.

DESIGN PROCEDURE: Measure .

METHOD: Measurement.

DESCRIPTION : Complete airborne instrumentation system adaptable to various
types of aircraft which has capability of in-flight recording of steady-state parameters relat-
ed to the aircraft electrical system.

INPUT: Not applicable .

• OUTPUT : Test data.

STATUS: Operational . Current ly in use at NATC .

COMMENTS: Data can be recorded for later reduction or can be telemetered and
reduced on a real-time basis. The system is adaptable for measurement of transient
paranieterS.

REFERENC E : Not applicable.

FURTHER GR Danks . Code SY6O
INFORMATION : NATC. Patuxe nt River , MD

AV 356-470 1.
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TABLE B-I .  (Continued)

Electromagnetic Environmental Design Procedure 16

NAME: Power Transient Symithesizer. V

DESIGN PROCEDURE: Measure .

METHOD: Susceptibility test equipment.

DESCRIPTION: T h e  power transient symithesizer was developed by t h e  Civil Engi-
• neering Laboratory as a source of power with controlled output paramneter s t’or susceptibili-

ty testing and calibration of equipment.  It simtm lates tiuc tuatiomis and disturbances which
occur in u t i l i ty  alternating current power supply systems aiid imi poorly regu lated direct
current power sources. The synthesizer is fundamental ly  a solid-state power supply provid-
ing ( I )  ac power at IS  kVA , 1 20/208 volts . 3 phase , or 7.5 kVA, 120 volts , sing le phase , at
base frequencies of 50 or 60 hertz: and (2 )  dc power at I kW , 0-264 volts. It supplies power
with overvoltages . undervoltages , momentary power outages. pulse voltages superi m posed
on the fundamental  sine wave or dc output , frequency deviatiom is uh o im t th e fundamenta l
frequency (5 0 to 60 hertz ) .  and hi gh frequencies (400 to 10000 hertz ) im i mnagnitudes UI) to
75 volts root mean square (rms) superimposed omi amiy selected phase of ac power or tile dc
power output .  Phase control circuitry is also provided to permit  asymichronous operat io mi of
the synthesizer tor testing electrical equip memit . such as solid-state switches , at sel ecte d
phase differences wi th  respect to the normal ac power source.

INPUT: Manual ly  selected control settings for voltage . excursions , and
timing.

OUTPUT: Equipment suscepti bil i ty data.  V

STATUS: Operational. Availa ble wi t h  operator ulpml req uest .

COMMENTS : Very usefu l for susceptibil i ty testimig of ’ im i divid ual eqL u ipment .

REFERENCES: Naval Research Reviews , High Qtm al i ty  Electric Power, by Evo
Giorg i , April 1975. 

V

FURTHER J Brooks , Code L62
INFORMAT iON: CEL , Point l-ltmeneme . CA

AV 360-4660.
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TABLE B-I. (Continued)

Electromagnetic Emivirom imental Design Procedure 17

NAME: Power Transiem it Data Acquisitiomi Monitor.

DESIGN PROCEDURE: Measure .

METHOD: Measuremem it hardware amid data storage and retrieval.

DESCRIPTION: Tile power transiem it data acquisitiom i mom i itor is desi gned to record
amid store randomly occurring pow er-line disturbances in real time. The monitor comitains a
mnagnetic drum/magnetic tape recordimig system. The nionitored waveforms are contmnuous-
ly recorded amid erased from the rotating magnetic drum. Whemi a transiem it is sensed , a signal
is provided to imii t ia te  the quick-start magnetic tape , whereupon data on all I 2 cham inels arc
transcribed onto tape. This technique enables the recording of all wavefo rms, pretransient .
transient , amid posttransient , associated with power disturban ces. it also shortens data
processing time because the stored information is l imited to power disturbam ice data om i ly.
Transient voltage and ct mrrent wavet ’orm s may be recorded.

OUTPUT: Hardcopy analog tramisient data with tinie info rmation.

STATUS: Operational. Available with operator upon request.

COMMENT: This tool is very imseful when it is miecessary to characterize the
power disturbances completely.

REFERENCES: Naval Research Reviews . High Quality Electric Power , by Evo
V 

Giorgi . April 1975.

FURTHER J Brooks , Cod e L62
INFORMATION: CEL , Poimit Himem ieme , CA

AV 360-4660.
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TABLE B-i. (Continued).

Electromagnetic Environmental Design Proced ure 18

NAME: Power Line Disturbance Monitor.

DESIGN PROCEDURE : Measure .

METHOD: Power-line transients are measured and counted and the direction
of propagation is determined.

DESCRIPTION: A power-line disturbance monitor has been developed to identify
the power input anomalies at critical facilities. The instrument can identify undervoltage ,
overvoltage , frequency deviation , and impulse voltages. Also provided are controls for
selecting the various thresholds. A printer , which incorporates a Julian clock and record s
the day and tim e of each disturbance , and an attachment for determining the direction of
propagation for impulse type voltages are also provided.

INPUT: Not applicable.

OUTPUT: Hardcopy record of power-line occurrences by type and time.

STATUS: Operational. DoD technology transfe r to industry is accomplished.
Monitor is now being commercially produced.

COMMENTS : Very usefu l instrument for identifying power line problems and
assigning responsibility for solving the problem.

REFERENCES: CEL Technical Note , N-l388 , Prototype Powerhine Transient
Source and Direction of Propagation Detector , by MN Smith amid KT Huang. May 1975.

FU RTHER J Brooks , Code L62
INFORMATION: CEL, Point Hueneme , CA

AV 360-4660.
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TABLE B-I .  (Continu ed ).

Electromagnetic E mivironm emit a l  Design Procedure 19

NA M F.: (‘ASR F:PT Reporti mig System.

DESIGN PROCEDURE: Data Bank.

DESCRIPTION: The casualty report (CASREPT ) provid es a tin iely method for
reporting equipme m it fai lure s ami d the et’fect of these failures on ti le capabilit ies of the report-
ing uni t .  This allows the support commtmnity to react most rapidly to ti le highest-priority 

V

requirements to sustain the Fleet at a h igh readiness level.

INPUT: CASREPTs are submitted in message forni . Each report contains a
descriptiomi of the problem , the mission capabilities affected, a l istimig of support require-
ments ( technical assistance , spa re parts ) needed , amid an estimated t~mu e to correct.

OUTPUT: Data bank an alysis products are available by conimam id . ship type .
hull m ium n ber . and equ ipmem it . The standard products include material  co iiditiom i imidex re-
ports. mission essemitial m na ter ia l  readi miess amid condition index reports , parts data usage
reports , am id weekly summary reports. Tile failures tha t  have the greatest impact omi Fleet
readine ss can be idem itified amid appropriate mai n tem i am i ce and logistics paramiieters computed.

STATUS: Op eratiomial.

COMMENTS : The data fromn CASREPTs are very similar  to those available from
the MDC S (3-M ) systeni . TIme CASREPT system is essemitia lly real t ime , as opposed to tI m e 3
to 6 month lag of MDC S. The CASREPT systeni contains omi ly priority failures , so it con- . -

tains only about I 0% of the data obtainable from MDCS. But CASREPT s are valuable imi
assessing the criticality of an equipm ent  to ship missiomis amid in designing maimitenan ce amid
support concepts for replac ememit equipmei its. Cost amialysis usimig CASREPT data should
be conducted only in conjunctiom i with MDCS data.

REFERENCES: I )  N W I P - l O - l ( D )  (Naval  War fare I iiformatio n Publ icat ion )
2) Consolidated CASREPT Reportin g Systeni Reports Catalog ,

Navy Fleet Material  Support Office. Mechanicsburg , PA, 5th edit io m i . October 1974.

FURT HER Fleet Material Support Office
INFORMATION : Mecham i icshurg. PA I 7055

AV 277-2312.  2848.

B-22 

V — 
_ _ _ _

— ~ V •~~ •V ~~~~VV • VV - - V



V ~~V~~ V~~~~V— ~~V - -- -- — ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
- -

-~~~~ - - V

TABLE B-l. (Continued)

Electromagnetic Environmental Design Procedure 20

NAME: Hybrid Computer.

DESIGN PROCEDURE: Analyze.

METHOD: Computer simulation.

DESCRIPTION: A hybrid computer is used as a tool for the simulation of a ship ’s
turbine generator and uninterruptible power supplies. The computer is also used (or com-
puter aided optimum design of harmonic filters for power systems.

INPUT: The inputs required for the simulatiomi of power processors are the
mathematical models of the system and the parameter values. When used to design a liar-
monic filter , optimally the inputs required are the levels of the harmonic voltages and cur-
rents to be reduced amid the hardware components and power systems parameter values.

OUTPUT : The power processor simulation provides an initial assessment of
the power equipment and system compatibility prior to imista l lation. Whemi used for filter
synthesis , the computer will determine au optimum filter to improve the power quali ty .
supplying nonlinear and sensitive loads from the same bus.

STATUS: Operational. Turbine-generator simulation amid uninterrupt i ble
power supply (converter-inverter) completed. Awaiting funding for comitinuation of systemii
simulatiomi . Optinmized filter design completed . Filter constructed amid installed aboard
oceanogra p 1mw ship. Satisfactory operation obtained.

REFERENCES: None.

FURTHER CR Young, Code 278 1
INFORMATION : DWTNSRDC , Annapolis , MD

AV 281-2467.
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TABLE B-l.  (Continued).

Electromnagnetic Environmenta l Design Procedure 21

NAME: Aircr aft Electrical Evaluation Facility.

DESIGN PROCEDURE: Measure .

METHOD: Sim ulatio n ami d measurement.

DESCRIPTION : Comiip lete facilities to evaluate virtually any aircraft electrical
system or system component. Capabilities include the following;

I )  Temperature-altitud e facilities for status ami d rotating equipment

2) Conditioned blast air and cooling oil sources

3) Vibration. shock , humidi ty ,  salt-spray, fungus , dust , ami d acceleration enviromi-
mental simulation facilities

4) 13 programmable generator test stands
5) Digital data acquisition facilit ies
6) Opemi loop wind tunne l  (230 knots  maximum velocity )

7) Extensive inventor y of aircra ft electrical conipo iiemits for complete system
reproduction

8) Two EMI screemi rooms with autoniat ed receiving equipment
9) Approximate ly 50 personnel 16 professional)

INPUT: Not applicable.

OUTPUT: Not applicable.

STATUS: Operational.

COMMENTS: Not applicable.

REFERENCES:  Not applicable.

FU RTHER JO Koegel . Cod e SYoO
INFORMATION : NATC , P at imxent  Riv ’~ . MD

AV35 6-470 l .
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TABLE B-I . (Continued ).

Electromagnetic Environmental Design Procedure 22

NAME: Variable Characteristic , 3-Phase , 400-Hz Power Source.

DESIGN PROCEDURE: Measure .

METHOD: Active test equipment.

• DESCRIPTION: A 3-phase , 60/400-Hz , 4500-VA power source which can be pro-
grammed to:

I )  Vary steady-state voltage amid/or frequency
2) Generate voltage and/or frequency transients

3) Generate high amid low crest factor distortiomi

INPUT: Not applicable.

OUTPUT: Not applicable.

STATUS: Operational.

COMMENTS : This is a commercial uni t  manufactured by Elgar Corporation for
simulation of MIL-STD-704A qual ity power. NATC amid NOSC li-ave similar equipment ,
except that NOSC has 7500-VA capability amid equipment  has been modified to give variable
high ami d low crest factors with known harmonic co n temit .  It can also simulate ship power.

- REFERENCES: Not applic able.

FURTHER GR Danks , Code SY6O
INFORMATION : NATC , Pat uxent  River , MD

AV356-470l.
RB Jordan ,Code 9332
NOSC . San Diego , CA
AV 933-6157.
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V TABLE B-I. (Continued)

Electromagnetic Environmi iemita l Design Procedure 23

NAME: Spike Voltage Generator.

DESIGN PROCEDURE : Measure .

METHOD : Acti ve test eq lm ipmen t.

DESCRIPTION : A portable spike voltage generator designed to apply a 2500-volt ,
40-microsecond spike with specified rise and decay times. The spike of req uired parameters
( including energ y content )  can be applied at any selected part of the lin e voltage waveform.
fine—to—line or line —to—ground. The un it is imsed for testing and eva luatimig all kinds of’ electri-
cal and eiectrom iic equipment to determine the ir resistance to such spike voltages.

INPUT: Not app licable.

OUTPUT: Not applicable.

V STATUS: Operational. Presently in brassboard configuration. It has been V

used to test shipboard speed comitro llers for high-pressure brine systems. to test a TRIDENT
1 0-kW inverter. It is miow being used by Varo , Inc . on frequency changer brassboards um ider
development by the Navy.

REFERENCES: Spike parami ieters and source impedam ice are controlled by MIL-
STD-l399 Sectiom i 103 .

FU RTHER WH Koh lma mim i . Code 2773
INFORMATION : DTNSRDC . Annapolis. MD

AV 281-2526.

B-26



V ~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~

V 

TABLE B-I. (Continued).

Electromagnetic Environmental Design Procedure 24

NAME: Dynamic Load Simulator.

DESIGN PROCEDURE : Measure .

METHOD: Load simulation.

DESCRIPTION: A loading device for realistically evaluating power generation and
conversion equipments in the development stage or prior to shipboard installation. The
dynamic load simulator consists of a resistive load conmiected. through solid-state switchimig
elements and a bridge rectifier , to the 3-phase power source umider test. The solid-state
switching elements are controlled by a small contro l card to simulate curremits draw ii by
radars and sonars. The current waveforms are measure d from actual equipment and used to
program the control cards.

STATUS: Operational. Six I 00-kW (peak load) dymianiic load simnulators
have been constructed. They are packaged for tramisportimig to remote locations. Omie of t h e
units is presently being used by Varo , Imic , Dallas , Texas , to test their frequency chamiger
brassboard s being developed under Navy comitract. Another umiit is being used by Westing-
house , Lima , Ohio , for a similar purpose. The units can be paralleled for higher-capacity
loading and more versatility.

REFERENCES: None.

FURTHER CR Yoming, Code 278 1
INFORMATION : DTNSRDC , Anmiapo lis. MD

AV 281-2467.
AP Nickley , Code 6158C
NAVSEC , Wash , DC
AV 222-119 5

B-2 7

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-VV-,-V - —-_~~~,——-- -,V.

~~.

V TABLE B-I. (Continued)

Electromagnetic Enviro nmental  Design Procedure 25

NAME: High-Power Solid-State Device Tester.

DESIGN PROCEDURE: Measure .

METHOD : Activ e Test Eq u ipmne nt .

DES(’RIPTION: Arm automated systemn for meas urim ig the characteristics and l)a ram mi - V

etcrs of high-power , solid-state devices uiider variable interdepeiidemit stresses. Measure-
ments can be made on devices rated to 1 000 amiiperes amid 2500 volts .

INPUT: Not applicable .

OUTPUT: Not applicable.

STATUS: Operatiom iah.

COMMENTS : Nomie .

REFERENCES : None.

FURTHER W Kohlmamin , Cod e 2773
INFORMATION : DTNSRDC . Annapolis . MD

AV 281-2526 .
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TABLE B-i. (Continued)

Electromagnetic Environmental Design Procedure 26 V

NAME: Transmission Cable Shielded Room .

DESIGN PROCEDURE: Measure .

METHOD: Test facility.

DESCRIPTION: Shielded room and isolation measurement facilities for electrostat-
ic and electromagnetic analysis of transmission cables.

INPUT: Not applicable.

OUTPUT : Not applicable.

STATUS : Operational.

REFERENCES: None .

COMMENTS: None.

FURTHER G Rodriquez , Code 2772
INFORMATION : DTNSRDC , Annapolis , MD

AV 281-3118.
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TABLE B-I. (Continued

Electromagnetic Environmental Design Procedure 27

NAME: 500 kW Variable Frequency M-G Set.

DESIGN PROCEDURE : Measure .

METHOD : Active Test Equipment.

DESCRIPTION : Variable voltage , variable frequency , 500-kW reversible motor-
generator. This facility can supply adjustable 250-V dc or adjustable 450-V ac over a wide
t’requency range sufficient to cover the ±5% variatiom is specified for type I power imi MIL-
STD-I399 , sec 103 .

INPUT: Not applicable.

OUTPUT: Not applicable.

STATUS: Operational.

COMMENTS: None.

REFERENCES: None.

FURTHER CR Young , Code 278 1
INFORMATION: DTNSRDC . Anm iapo l is . MD

AV 28l-2467.
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TABLE B-I.  (Continued).

Electromagnetic Environmental Design Procedure 28

NAME: Shipboard Power Measurements.

DESIGN PROCEDURE: Measure .

METHOD: Passive test equipment.

DESCRIPTION: Complete instrumentation system for measuring shipboard power
system parameters. Included in this facility are many umiique instruments developed by
personnel at DTNSRDC. Examples of such “one of a kind ” instruments are:

1) Transient (spike) voltage recorder (comitinuously monitors the ship ’s power system
amid automatically records high-frequency voltage spikes, photographimig the wave shapes
from oscilloscope traces)

2) High-accuracy (expanded scale) 30-voltage recorder. current amid frequency
recorders

3) Voltage percent modulation recorder
4) Voltage distortion recorder

In addition there are several real-time analyzers amid a broadband imnpedam ice measuring
system. l’his system is designed to miieasure and record impedances amid phase ang les of
active shipboard power systems automatically at multiple points over a wide range of
frequencies.

- 

INPUT: Not applicable.

OUTPUT: Not applicable.

STATUS: Operational.

COMMENTS: None.

FURTHER CR Young, Code 278 1
INFORMATION : DTNSRDC , Annapolis , MD

AV 281-2467.
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APPE N D I X  C: NE E DED FM-PO WER TOOLS

At time EM-Power Works h op at NRL,  time p art icipant s ( listed in table 1-2 ) were asked
what tools are needed to improve their capability to select , arrange . analyze , and measure in
EM-Power. Approximm iat e ly 30 tools were id emiti h ie d and discussed at time workshop. These
li-ave been grouped under time headi mmg s of ’ system engineering ( includes select am id arrange ) .
analysis , measurement , and ot h er (personmiel. ch arters . etc) . The mi am mi e of time facility suggest-
ing the tool is given wit h time name of time contact ; however. t’or almost every tool there were
one or more additional facilities stmpporting time need of time tool in their  work. The req imests
for better data were put forward with the greatest energy. Apparently ,  poor data is a real
problem. The Navy EM-Power technical community has historically ptm t heavy resources into
measurement amid has been relatively successfu l in this area. There was no shortage of ideas
on what was needed to improve the Navy ’s capability to miieasure EM-Power. Analytical  pro-
cedures have been lit t le used by the Navy EM-Power technical commumii ty ,  and few ideas
other than comp tmt er simulation f’or analysis were forthcoming. On visits to the various facili-
ties , there was considerable interest , and there was some skepticism in time newer am i alyt ic a l
techniques discussed.

System Engineering (includes select ami d arrange)

A need exists to apply the concepts of modern system theory to Naval electric power
systems (Bi Wilson , NRL )  and to take a broader amid more discip limied systeni emigineering

V approach to solving EM-Power problems (J Foutz . NOS(’). Opport imnities (such as the work-
shop) to discuss common problems and to hear how others are approaching / solving these
problems are very beneficial (near consensOs). Computer modeling and simulation of the
electrical power system and the total power/load system along with other systematic
approaches (ie , the prediction methodology discussed next under analysis) have the greatest
potential for solving problems before the problem is incorporated into hardware (majority of
workshop).

Analysis

The prediction methodology developed by NAVSEC/NUSC !University of Pennsylvania
for predicting EMC problems below decks needs to be re fimied and expanded including gener-
ating new models to support the prediction methodology. Th is methodology is part ot’ time
TRIDENT EMC Plan (PJ Johnson , NUSC) . 1 5

The NASA program Modeling and Analysis of Power Processing Systeni s (~ 1APPS) has
high potential application to Navy electrical power systems and electronic equ ipm n en t  power
supplies. This needs to be demonstrated and , if effective , the Navy and Navy contractor EM-
Power com umunity  trained in its use (J Fot mtz , NOSC).

Computer models and data needed for these models are needed for aircra ft ( JD Segrest.
NAD C) . f’or simip s (CR Young, DTNSRDC) . for shore facilities ( JL Brooks- .(’ E L ) .  for electn ’nic
equipment  (J Foutz. NOSC: ill Jen tz , NAF I) .  amid for integrating the electronics and weapomi

V 
loads with the electrical power system (PJ Johnson . NUS(’; JR Uot’fler . NAVSF(’ t .

Other analyt ical  t echniq u es  such as th e design oriented circu it analysis techniques devel-
oped by l)r Middlebrook a~ the (‘ah it ’ornia In s t i t u t e  of ’ Technology and the State Plane amid
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other techniques for nonlinear circuits developed by Dr Wilson of Duke University have been
demonstrated effective for switching regulator power supply analysis and li-ave potential as an
analytical technique for other EM-Power applications Ii Foutz . NOSC).

Measurement

Modern state-of-the-art measurement equipment (A/D and special transducer sensors ,
digital data processing, storage and retrieval , microprocessor controlled ) for steady state and
transients is needed for aircra ft (BJ Wilson , NRL;  JD Segrest , NADC), ships (CR Young,
NSRDC), shore (JL Brooks , CEL), and electronics (J Foutz , NOSC). Techniques to ~orreIate
electric power system and electronic system events need to be developed to determine cause
and effect interactions (CR Young. NSRDC : JL Brooks , CEL) . Efficient measurement tech-
niques to determine the transfe r function of system components are needed (JL Brooks .
CEL).

Measurement techniques for power line filters that will allow prediction of filter response
in systems are needed (R Plew , N\VSC). Standard nieasuremem i t techni ques are needed to
establish the load signature of nonlinear loads (il-i Jentz , NAF I ) .  Measurement techni qumes
that characterize power system faults are needed (JE Brooks . CEL) . Better load simulators to
simulate the harmonic currents , current pulses , power factor , and negative input  impedance

V of loads are needed for aircraft (G Danks. NATC : JD Segrest, NADC ) and ships (CR Young.
NS RDC).

Data

Improved MIL-STD-46 1 test methods and data are needed to support the prediction
methodology (PJ Johnson , NUSC) . Accurate cont’iguration data.  EM-Power data ,  accurate
characterization of power system/ load components , load sensitivity information , ami d mission -

profile power variation data are needed for aircraft (JD Segrest. NADC ; G Danks , NATC),
ships (CR Young. DTNSRDC ; PJ Johnson. NUSC ; JR Ilof fier . NAVSEC ), and shore t J L
Brooks , CEL). Data needs of the users need to be better reflecte d imi general specifications
and standards (J Foutz , NOSC). A general data bank on Naval facilities power systems is
needed (JL Brooks , CEL). A handbook that describes the various power systems used on var-
ious platforms and the options and tradeoff considerations is needed ( i l l  Jentz , NAFI ) ,

Standard Navy data bases such as 3-M data need to he made more credible and expanded
to give more information needed by the EM-Power technical community.

Personnel

The Navy needs to recruit several young pro fessionals with state-o f-the-art training in
Power Electronics (J Foutz , NOSC).

Charters

The various organizational charters in EM-Power need to he better  stated . There appears
very l i t t le  conf lict in what the working community regards thei r  charter . hut this is umiclearly
stated in official documints.
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APPENDIX D: SPECIFICATIONS AND STANDARDS DEFINITIONS

From MIL-STD-96 1 , OUTLINE OF FORMS AND INSTRUCTIONS FOR THE PREPA-
RATION OF SPECIFICATIONS AND ASSOCIATED DOCUMENTS, 22 SEPT 1975:

This standard supersedes Chapter V of the Defense Standardization Manual DSM 4 1 20.3-
M Jan 1972. It controls the preparation of specifications , as discussed in this report , that  are
not program peculiar. (Preparation of’ program peculiar specifications is controlled by MIL-
STD-490). MIL-STD-96 1 defines a specifIcation as:

a. A Specification is defined as a document intended primarily for use in procurement .
which clearly and accurately describes the essential technical requirements f’or items , materials .
or services , including the proced imres by which it will be determined that  the requirements li-ave
been met. Specifications for items and materials may also contain preservation-packaging,
packing, and marking requirements.

b. Specifications for procurement shall state only the actual ni inimum needs of the
Government and describe the supplies and services in a manner which will  encoumrage max imum
competition and eliminate , insofar as possible. any restrictive features which mig lmt l imit ac-
ceptable offers to one contractor ’s products or the products of a relatively few contractors .

c. A specification shall not include contractual req umirements which are proper ly a part
of the contract. These are covered by ASPR and other contractual clauses. Contractual and
administrative provisions considered essential f’or procurenient . including data items . may he
indicated as “ordering data ” or “features to he imiciuded in bids or imi time contract .” im i Section
6. This provision shall be exercised with caution ;mnd limited to essential miiatters.

Data requirements I’or specifications are discussed in the Gemieral Requirem ents sectiomi V

of MIL-STD-9 6l as follows:

Data Requirements. In many instances . specitications will identify deliverable itenis of
data in connection with task elemiients cited in other sectiomis of the specification. The descrip-
tion of th ese deliverable item n s of data must he contaim ied in a Data Item Description (DID )
(DD Form 1 664) normally found in the Depar tmemi t of Defense Authorized Data Lists (TD-3)
(DODADL). In those instances the specificat ion (Section 6) will identify the items of data by
paragraph title and DID number (see 5.6.5) . In time case ot’data specifications or other specifi-
cations where it is not possible to separate the format and contents requiremem its for deliver-
able items ot ’data for inclusion in a D I D ( D D  Form 1 664) ( qu m a l i ty  assurance provisions , first
article test reports , certificates of compliance , operating instruction. etc. ) the data items may
be described and included directly in the specification and ~1mmy DID developed for misc wit h the
specification will only re ference the pertinen t paragraphs. The DID ’s identified in the specifi-
cation will be prepared by or in coordination with the preparer ol’ the specilication in accord-
amice with the instructions in DODI 50 10 .12 at the t ime the specification is prepared and circu-
lated with the specification t imrough the coordination cycle. It  should he rioted that  any item
or data described in a DID must have correspondimig direction in t i m e specitication to have the
contractor generate the basic informiiation requ ired for time deliverable iteni of data.  The re-
quirement for generation of data shall lie inc luded in Section 3. Delivery of any of ’ time data
requirements stated in a specif ication can be obtaim ied omily when specified on DD Form 1423,
Contract Data Requirememits List , in time com itract.  Specifications will  not conta in requirements
for the delivery of data. Re qu irememit s will  he comih ine d to generatiomi of data amid description
of the content and formiiat wimere necessary .
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Rights in data. The acquisition of rights in technical or other data shall not be made
through the medium of a specification. See ASPR , Section IX , Part 2 for procedures for ob-
taining such rights through appropriate contract clauses.

MIL-STD-962 , OUTLINE OF FORMS AND INSTRUCTION FOR THE PREPARATION
OF MILITARY STANDARDS AND MILITARY HANDBOOKS , 22 SEPT 1975

This standard supersedes Chapter VI of the Defense Standardization Manual DSM
4l20.3-M Jan 1972. It controls the preparation of standards and handbooks , as discussed in
this report . MIL-STD-962 defines standards and handbooks as:

Standard. A document that establishes engineering and technical limitations and appli-
cations for items , materials, processes , methods , designs and engineering practices.

a. Standard s define terms , establish codes and document practices , procedures and
itemns selected as standard for design , engineering and supply management operations. Mii i - 

-

tary standards shall not be used as t u e  medium for imposing administrative requirements on
contractors.

b. Standards are documents created primarily to serve the needs of designers , and to
control variety. They may cover materials , items , features of iteni s. engineering practices ,
processes , codes , symbols , type designations , definitions , nomenclature , test , inspection ,
packaging and preservation methods and materials , define and classify defects , and standard-
ize the marking of material and item parts and components of equipment . etc. Standards
represent the best solution for recurring design and engineering and logistics problems with
respect to the items and services needed by the military services.

c. Standards are umsed to standardize omie or more t’eatures of an item such as size ,
value , detail of configuration , etc. In equipment specifications , they are referenced to stand-
ardize on those design and testing requirements which are essential to interchangeability,
compatibility, reliability , and maintainabil i ty.  They are prepared to provide the designer V

with the descriptions and the data normally required for selectiomi and application. Standard s V

disclose or describe the tech nical features of an item in terms of what it is and what it will do.
In contrast , the specification for the same item describes it in term s of the requirement for
procurement. Refe rence to other documents in standards to complete a description should
be resorted to only when it is impracticable to do otherwise .

Milita ry h andbooks. Military handbooks (M IL-HDBK) are documents containing refe r-
ence data or guidam ice for use in design , engineering. prod imction , procure ment , and supply
management operations. Milita ry handbooks are used for the presentation of general info r-
mation . procedural and technical use data or design int ’ormation related to commodities .
processes , practices and services related to the Defense Standardization Program which shall
he used in supply nianagement operations and in the preparation of specifications and stand-
ards. These handbooks also provide industry with reference material that will serve further
t h e  Standardization Program. The use of h andbooks as references is optional . Certain hand-
hooks are completely inappropriate for referencing in other standardization documents. 

- 
-
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Data requirements for standards are discussed in the General Requirements section of
MIL-STD-962 as follows:

4. 1.2 Data requirements. For requirements covering the preparation of DD Forni 1 664,
see DoD Instruction 5010.12. Where practicable , data , format , and content requirements
shal l be selected from existing DD Forms 1 664 when preparing or revising a standard . Data
requirements may be described and included directly in a book form MIL-STD where it is im-
practicable to separate the format and content of data products from the standard for direct
inclusion in a DD Form 1 664, such as data requirements covering quality assurance provi-
sions. When data format and content requirements are contained in a DD Form 1 664, such
requirements shall not appear in the standard , except that deliverable data required shall he
identified in an associated appendix. Identification shall include the corresponding DD Form
1 664 number. In those instamices where data requirements are included indirectly in the
standard , the DD Form 1 664 shall describe the data by reference to the standard . The loca-
tion of these data requirements in the standard shall he listed in the associated appendix , in-
cluding identification of the correspomiding DD Forni 1 664. Delivery of any of the data
requirements stated in a standard can be obtained only whemi specified on DD Form 1423 in
the contract. Stamidar ds shall not contain requirenients f’or delivery of data. Requir ements
shall be confined to generation of data and description of the content and format where
necessary .

MIL-STD-490 . SPECIFICATION PRACTICES. 30 OCT 1968
CHANGE NOTICE I ,  I FEB 69 , CHANGE NOTICE 2 , 18 MAY 72

This standard establishes the format and contents of specifications for program peculiar
items , processes and materials.

Program peculiar is defined as:

Progra m peculiar items , processes and materials as used in th is standard , inc limde all
items , processes and materials conceived , developed , reduced to practice or first documented
for the development, procurement, production , assembly, installation , testing or support of
the system/equipment/end item (including their components and supporting items) developed
or initially procure d under a specific program.

V 

Change Notice 2 strengthens the definition for Army purposes.

Data req imirements are not discussed in the standard .

Contractual and administrative requirements are discussed in the requirements section as
follows:

Contractual and administrative requir ements. A specification shall not include contrac-
tual requirements which are properly a part of the contract; such as cost , time of delivery , in-
stnmction on reworking or resubmi tting rejected items or lots . method of payment , liquidated
damages , provis ion for items damaged or destroyed in tests , etc. Contractual , administrative ,
and warranty provisions such as those covered imi general provision of contracts , shall not he
made part of t lme requirements in the specification. Contractual and adminis trative provisions

D-3
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not covered in the general provisions, but considered essential procurement , may be indicated
as “ordering data ” or “features to be included in bids or in contract ” in Section 6. This pro-
vision shall be exercised with caution and limited to essential matters .

ARMED SERVICE PROCUREMENT REGULATION (ASPR )
DPC #75-8 21 MAY 1976

Recent studies have indicated that one of the explanations for increasing acquisition
cost is the misapplication of specifications and standard s in both requests for proposals and
subsequent contractual arrangements. In many cases, the problem lies not completely with
the documents themselves, but to a large degree with the over- or misapplication of require-
ments. As a result , the policy established in ASPR 1-1201 , has been change d to emphasize
the need for a “scrub and tailor” of specifications and standard s to amplify and facilitate the
requirement that purchase descriptions state only t h e  actual miml imum needs of the
Government.
Replacement page: 1:177

GENERAL PROVISION
Part 1 2 Specifications , Plans , and Drawings

1-1201 General.
(a) Plans , drawings , specifications or purchase descriptions for procurements sh all state

only the actual minimum needs of the Government and describe the supplies and services in a
manner which will encourage maximum competition and eliminate , insofar as possible , any
restrictive features which might limit acceptable offers to one supplier ’s product, or products
of a relatively few suppliers. Items to be procured shall be describ ’~d by reference to the ap-

iicable specifications or by a description containing the necessary requirements. Referenced
specifications and standard s shall be tailored in their application. Tailoring consists of the cx-
clumsion of those sections. paragraphs or sentences of imidividual specifications and standards
not required for a specific procurement so that each document applied states only the mini-
mum requirements of the Government. Such tailoring need not be made a part of the basic
specification or standard but will vary with each application dependent upon the nature of
the procurement. When specifications are cited , all amendments or revisions thereof , applica-
ble to the procurement, should be identified and the identification shall include the dates
thereof ’. Drawings and data furnished with solicitations shall be clear ami d legible.

(b) Many specifications cover several grades or types , and provide for several optiomis
in methods of inspection , etc. When such specifications are used , the solicitation shall state
specifically the grade , type , or method of inspection , etc., on which bids or offe rs are to he -

based.

D-4
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APPENDIX E: DISCUSSION OF MIL-E-5400
ELECTRONIC EQUIPMENT , AIRBORNE , GENERAL SPECIFICATION FOR

DESCRIPTION. This specification covers the general requirements for airborne elec-
tronic equipment for operation primarily in piloted aircra ft . The detailed performance and V

test requirements for a particular equipment shall be as specified in the detail specification
for that equipment.

DISCUSSION. Figure E-I is the EM-Power specification tree for MIL-E-5400R. Only
general requirements are given in MIL-E-5400 with all quality assurance provisions except
test methods and interference tests left for the detailed equipment/system specification.

If quality assurance provisions are not stated in the detailed specification , they are pre-
pared by the contractor and sent to the procuring activity for approval. Figure E-2 is a flow-
chart that can aid the writer of the detailed specification in providing for EM-Power
requirements.

E- I
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III MIL-E-5400R I V

POWER 
(3.2.23 ) 1 MIL -STD -704

ELECTRICAL (3.2. 20)
PROTECTION MIL-STD -454 R E Q U I R E M E N T S

(3.2.11 ) ( 3 . 2 .11 .7 )  1EMI MIL -STD -454 R EQUIREMENT 61

MIL -ST D-469

GROUNDING 
(3. 1 .9 ) 

— 

MIL -STD .454 R E Q U I R E M E N T  1 J
MIL -B- 5087

CO R ONA 
(3.2.6 ) (3 .1 .14 )  .1 MIL- STD -454 REQUIREMENT 45

L MIL -STD-454 REQUIREMENT 26

V 

OTHER 
~~~~C i 1 ~~~~~~~~~~~~

A TA R E Q U I R E M E N T S

Figure E- I .  MIL-E-5400R EM-power specification tree.
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A. CONTINUITY OF POWER

Is the impact on the system caused by loss of electrical power for durat ions defined in
MIL-STD-704 (up to 7 seconds) acceptable?

Yes: No action required.
No: Determine circumvention method to be used and specify in detailed

V equipment/ system specification. Add quality assurance provisions.

B. POWER

MIL-STD-704 power options:

a. 27OVac
b. 11 5/200Vac , 3-phase
c. I I  5/Vac , I -phase
d. 28Vdc
e. 230/400Vac , 3-phase
f. 23OVac , I-phase

I .  Is the equipment/ system to operate on present aircraft and 1980+ aircraft using
the Advanced Aircraft EIe~trical System (OR-WSLO4)?

Yes: Specify th at the eqtmipment/ systemii must operate on options a (27 OV dc)
and h ( I I  5/200Vac 3-phase power) .

No: Not recommended except under special conditions since this us umal ly
adds weight and added fu el consumption to aircraft . Select other op- V

tions only if indicated in trade off study.

2. Is performance required in emergency mode?

Yes: Specify in equipment/ system specification.
No: Default condition. No action required.

3. Is performance required dimri m ig over/ imnder voltage conditions?

Yes: Specify in equipment/system specification.
No: Default condition. No action required.

4. Is equipment damage with low input voltage satisfactory?

Yes: Default condition. No action required.
No: Add low input voltage requirement (recommended) .

Figure E-2. Flowgraph of MIL-E-5400R EM-power requirements.

E-3

V ~~~~~~~~ ~~~~~ V~~~~ VV V~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ :T~. :~~~~ --



- ---- .- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~_  V~-V ~~~~~~~~~~~~~~~~ ~~~~~~~~~~ -

Low input voltage requirement:

Section 3 Requirement The equipment shall not be damage d or degraded by low input
voltages (from zero volts to specified operating voltage) .

Section 4 Quality Assurance. Input voltage shall be increased from zero volts to nomi-
nal operating voltage , decreased to zero volts , and then increased again to the nominal operat-
ing voltage. The rate of change of voltage shall be constant and no greater than 10 volts/
minute. Th e  equipment shall have no indication of degraded performance when the input
voltage is within its specified steady-state operating range.

Comment. This requirement is essential for systems that contain switching regulator
power supplies since they can be destroyed by low input voltage if not properly protected.
Equipm~nt containin g relays and dc-to-a c converters can also be damaged by low input volt-
age. Equipment wi th  high-efticiency power conversion may draw excessive current , opening
fuses and circuit breakers at low input voltage . These effects can be easily and inexpensively
avoided by proper design. This requirement ensures that the equipment is properly designed.

5. Are secondary fai lumres due to primary failures satisfactory?

Yes: Default condition. No action required.
No: Add power supply sequencing and output polarity reversal requirement

(recommended ).

Power supply sequencing and output polarity reversal :

Section 3 Requirements: No power supply load shall be damaged or fail to operate as a 
V

result of the sequence in which required power is applied. No de power supply output shall
be capable of a polarity reversal of more than 1 volt in the energized or nonenergized condi- V

tion. In the nonenergized condition , the power supply shall provide up to I 0~ of its rated
current without damage in a forced polarity reversal condition. No load shall be damaged by
a polarity reversal of I volt on any power-supply ou mtp u mt.

Section 4 Quality Assurance. None.

Comment. Power sequencing and output polarity reversal specifications contro l a
frequent source of reliability degradation in solid state circuits where circ umits are overstressed
or failed du mring power turn-on or turn-off or when a sh ort occurs on one power supply out-
put.  Loads connected to that power supply output can cause the polarity to reverse , stressing
other circuits if protection is not provided. Since power sumpp l ies turn omi , turn off , and fail
in a random manner , any circuit that depends on power sequencing for survival can suffe r
early failures. This re quirement becomes more iniportam it imi EMP environments t l mat may
caumse random activation of ’ protection circuits. The requirement can usually he met at no
cost impact if the contractor ~V V 11OWS it i sa  requirement. Normally , the cost of section 4 tests
is not warranted since the probl em , if there is one , will us u mally surface durin g normal develop-
ment e fforts.

Fi gure E-2. (Continued )
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6. Are unbal ance loads and low power factor loads acceptable:

Yes: Default condition. No action required.
No: Reinstate applicable MIL-STD-704A sections removed fro m MIL-STD-

704B or write new requirements.

7. Is data required for load power analysis:

Yes: Write requirement into equipment/system specification or contract
data requirements.

No: Default condition. No action required.

8. Is quality assurar ce of power desired?

Yes: Write quality assurance provisions. Present specifications contain no
quality assurance provisions except for voltage spike test (damage only,
operation not required in presence of spike) in MIL-STD-704B.

No: Not recommended.

C. ELECTRIC PROTECTION

I . Is the Class 2 protection philosophy adequate? (Protect for fire , smoke , explosion ,
and arc-over only, except for critical circu~ts , or design inherent overloads which are protect-
ed by means of operator-accessible resettable circuit breakers.)

Yes: Default condition. No action required.
No: Specify protection philosophy in equipment/system specification.

2. Is quality assurance of protection desired?

Yes: Write quali ty assurance provisions.
No: Default condition. Probably satisfactory in most cases.

D. EMI

Default condition I : The full MIL-STD-46 1 requirements are specified , with the con-
tractor determining t u e  equipment  class and preparing time qual i ty  assurance provisions for
the approval of the procuring activity.

I .  Is fault condition I satisfactory?

Yes: No action required.
No: Tailor MIL-STD-46 l in equipment/ system specification or write re-

quirements . and write quality assurance provisions . Caution : lo avoid
common faults  in the design of rower supplies and EMI filters, it is
milandatory that the equmipment operate through the spike test of M! EE -
605 1 . t Ime CSOI , CSO2 , and CSOo su sceptibility tests of MIL-STD-4o 1 ,

Figure E-2. (Continued )
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and not be damaged by the spik e test in MIL-STD-704B. The require-
ment and quality assurance tests for these should be mandatory and
never waived.

Default condition 2 : Paragraph 3.2 .1. 1.7 require s that interconnecting leads involving
circuits susceptible to radiation or capable of radiation be shielded and of low-impedance de-
sign . All other connections (such as power) should be well shielded and bypassed internally.
There are no quality assurance provisions.

2. Is default condition 2 satisfactory ?

Yes: No action required .
No: Write requirements and quality assurance provisions.

D. GROUNDING

All grounding requirements in MIL-E-5400R are safety-oriented only. There is no con-
trol of signal ground.

1. Is no control of signal groumnd acceptable?

Yes: No action required (not recommended).
No: Determine signal ground philosophy including effects of comnion-mod e

noise , lighting, and/or EMP effects , etc., and write requirements into
equipment/ system specification.

E. CORONA

1. Are MIL-STD-454 Requirement 45 provisions satisfactory? (There are no qu ma l i ty
assumrance provisions.)

Yes: No action required.

V 
No: Tailor requirements and , if desired , add quality assumrance provisions.

F. DATA

Are data users provided with all data , as reflected in the Contractor Data Requirements
(DD Form 1423), needed in the various phases of the acquisition process?

Yes: No action.
No: Identify users and reflect needs in DD Form 1423.

Figure E-2. (Contin umed).
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APPENDIX F: SHIP SPECIFICATION REVIEW

The specifications relating to the shipboard electric power system and electronics inter-
face are reviewed below. The same specifications are also reviewed for coverage of the signal-
common interface between electronic equipments. The primary specification is the General
Specification for Ships of the United States Navy. F l  This specification and all those deriving
fro m it are reviewed. Other specifications , not in the specification tree , but candidates for
inclusion , are then reviewed. A description of each specification is given and then its relation
to this project is discussed. There are severa l other specifications that impact on the
Electric Power/Electronics/Signal-common interfaces that could not be reviewed in the
limited time/funding constraint of this project.

NAVSHIPS 0902-001-5000 GENERAL SPECIFICATIONS FOR SHIPS
OF THE UNITED STATES NAVY F ’I

DESCRIPTION

This specification applies to work ui nder the cognizance of the Naval Ship Systems Com-
mand. The purpose is to describe the requirements for new ships which best meet the needs
of the US Navy and to secure standardization of practices , materials , and equ mipment. It is in-
tended to be kept current with t h e  state of the art and with experience gained from deficien-

V 

cies discovered during ship acquisition and operation. The specification is divided in sections
compatible with the ship work breakdown structure.

Of primary interest in this project are Sections 300, General Requirements for Electric
Plant , and Section 400, General Requirenients for Electronic Systems. Time electronic system
section pertains mostly to platfo rm related electronics such as interior communications and
alarm and warning systems.

The specification tree resulting from NAVS HIPS 0902-00 1-5000 is shown in figure F-I .
The specification also directly controls some parameters without re ferring to external speci-
fications. For example , dc power characteristics are described (Section 300h), additional
limits to MIL-STD-l399 Sec 103 are placed on transient voltages caused by motor loads (Sec-
tion 3022), and there are two statements on EMI:

300c. Electric equipment shall be capable of operating simu ltaneo ums ly with electronic
equipment without causing electromagnetic interference.

400c. Electromagnetic coump ling Equipments wh ic im can imiteract ulue to electromag-
netic or electrostatic fields shall be separated as far as practicable. Equipment and devices
which are adversely a ffected by electromagnetic coupling shall he located and oriented for
minimal coupling.

- 

Magnetic fields Electronic equipment shall be install ed in magnetic fields having field
densities of less than 5 oersteds unless the equipment is specifically designed to operate in
greater field densities. The design parameter of the equmipment shall limit ambient field densi-
ties above 5 oersteds.

F- i .  NAV SHIPS 0902-001.5000. General Spec ifi cam ions for Ships of time United States Navy . I Jan 1975.
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NAVSHIPS 0902-001-5000

L SPECIFICATION FOR SHIPS OF THE US NAVY

I MIL-STD-1399 SEC 103
—J INTERFACE STANDARD FOR SHIPBOARD SYSTEMS -[ ELECTRICAL POWER , ALTERNATING CURRENT

[ MIL-I-983
—I INTERIOR COMMUNICATIONS EQUIPMENT

NAVAL SHIPBOARD , BASIC DESIGN REQUIREMENTS FOR

I NAVSHIPS 0967-000-0100
—.

~ 
ELECTRONICS INSTALLATION AND MAINTENANCE
BOOK (EIMB) - GENERAL

J NAVSHIPS 0967-000-0110
—4 ELECTRONICS INSTALLATION AND MAINTENANCE

BOOK (EIMB) - INSTALLATION STANDARDS

I
—4 RECOMMENDED PRACTICE FOR ELECTRIC
[
INSTALLATIONS ON SHIPBOARD

MIL-STD-1310
— SHIPBOARD BONDING. GROUNDING. AND OTHER TECHNIQUES

FOR ELECTROMAGNETIC COMPATIBILITY AND SAFETY

MIL-STD-16O5 (SHIPS)
— PROCEDURES FOR CONDUCTING A SHIPBOARD ELECTROMAGNETIC

INTERFERENCE (EMI) SURVEY (SURFACE SHIPS)

Figure F - I .  Specification tree . NAVSHIPS 0902 0I-5000
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DISCUSSICN

In reviewing the specification , the following observations are made:

(a) There is a clear specification connection to MIL-STD- 1 399 Sec 103 which controls
the electrical power interface and MIL-STD- l 310 which controls bonding amid grounding.

(b) There are no clear specification paths to key electronic and EMI specifications
such as MIL-E- 16400, MIL-F- 1 8870, MIL-STD46I and Electronic Intert ace Sections of
MIL-STD- l 399.

(c) Electrical tests performed during system integration are mostly static in nature .
(Voltage dips caused by motor starts is one exception.) The result is virtumally complete reli-
ance on compatible interface specifications and adequate equmipment level testing ~~V a condi- V

tion that does not exist.
(d) Data are collected only if there are gross deticiencies in the particular installation.

Data for system design and modification are not generated.
(e) There are no controls on EMC management (of the MIL-E-605 I or MIL-HBK-237

type) .
(f) There is no control of the signa l -grV und interfac between electronic equipments.

The specifications identified in the NAVSHIPS 0902-00 1 -5000 specification tree are
individually discussed. Some other specifications that should he in a completc specification
tree , but are not. are also discussed.

MIL-STD- I 399 SECTION 103 INTERFACE STANDARD FOR Sh IPBOARD SYSTEMS .
ELECTRIC POWER , ALTERNATING CURRENT F-2

V 
DESCRIPTION

The specification controls the voltage , frequency , and continuity characteristics of the
shipboard AC Electrical Power System. The interface is controlled at the input termimials of
the power consuming equmipment or subsystem. It places constraints on the umser of compati-

V bility, power factor , pulsed load , load unbalance , waveform , protection , large motors , prefer-
ence as to type of power , and grounding. A new draft (to be section 300) is just entering the
review cycle (Oct 1976) .

DISCUSSION

The standard is clearly invoked by NAVSH IP S 0902-001-5000 and several electronic
equipment specifications. The specification is clear in its requirements with one exception:
an energy content or similar constraint on the 25 000-V spike is required. The specification
approach used in MIL-STD-704B (Electric Power , Aircra ft , Characteristics of) could be used.

F.2. MIL.STD- 1399A (Navy). Interface Standard for Shi pboard Systems . 20 Dcc 1972: a) Section 103 .
Electric Power . Alt ernat i ng Current . I Dcc 1970; b) Section 300, Electric Power , Alternating Curre nt , Dra ft
Copy of 07/ 14/76 ~revisions of Section 103 with number change to be compatible with ship work breakdown
struct ure).

F-3
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MIL-l-983 INTERIO R COMMUNICATION EQUIPMENT , NAVAL SHIPBOARD ,
BASIC DESIGN REQUIREMENTS FOR F~3

DESCRIPTION

This specification covers the basic design requirements , test and operating conditions
for interior communication equipment to be used in Naval ships. The purpose of this speciti-
cation is to secure uniformity of practice , quality of materials and workmanship necessary to
meet the special requirements for equipments to be installed in ships of the United States
Navy.

DISCUSSION

Of the three general electronic specifications for electronic equipment (MIL-l-983 , MIL-
E-16400, MIL-F- 18870) this is the only one in the NAVSHIPS 0902-00 1-5000 specification
tree. It has gone the longest without revision (22 Dec 67 as compared to 24 Dec 74 and 25
Apr 75). As the result , it has not kept ump with current design amid test philosophy. The only
EMI specification called oumt is MIL- l- 1 6910. Tim e power-supply tolerances called out are not
compatible with Type I ship service power , as controlled by MIL-STD-l399 , Section 103.

V (For example , single -phase 115-V ship-service voltage limits are 107 V to 123 V. while MIL-
1-983 equipment is only designed and tested for limits of 109 V to 121 V). There is no re-
quirement or test for the 2500-V spike voltage. Signal ground is partially controlled ; if
grounded , it is grounded to ship ’s hull at one point only. Quality Assuirance testing is primar-
ily static and data obtained are insufficient for system design.

NAVSHIPS 0967-000-0 100 and -0110 ELECTRONICS INSTALLATION AND
MAINTENANCE BOOK (EIMB) F4.S

DESCRIPTION

The Electronics Installation and Maintenance Book (E IMB) was established as the
medium for collecting, publishing, and distributing, in one convenient source documnient ,
subordinate maintenance and repair policies , installation practices , and overall electronic
equipment and material-handling procedures.

Since its inception , the EIMB has been expanded to inc lumde selected information of
general interest to electronic installation and maintenance personnel. These items are sumcli as
would generally be contained in textbooks , periodicals , or technical papers , and form (along
with the information cited above) a comprehensive refe rence document. In application , the
EIMB is to be used for information and gumidance by all military and civilian personnel
involved in the installation , maintenance , and repair of electronic equipment under the
cognizance , or technical control , of the Naval Ship Systems Command (NAV SHIPS). The

F-3. MIL-I.983E . I nterior Communications Equip ment . Naval Ship board , Basic Requirements for, IS Aug
1966 , and Amendment -I . 22 December 1967.
F-4. NAVSHIPS 0967-000-0100 , Electronics Installation and Maintenance Book , General , May 1973 :
Change l , Sept 1974,
F-5. NAVSHIPS 0967-000-0110 , Electronics Ins t all atiom i and Maintenance Book , Installation Standards ,
August l 9o3: Change 6, Oct 1972.
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information , instructions, and procedures in the EIMB supplement instructions and data sup- V

plied in equipment technical manuals and other approved maintenance publications.

GENERAL INFORMATION HANDBOOKS

General 0967-000-0100
Installation Standard s 0967-000-0110
Electronics Circuits 0967-000-0120
Test Method s and Practices 0967-000-0130
Reference Data 0967-000-0 140
EMI Reduction 0967-000-0150
General Maintenance 0967-000-0160

EQUIPMENT ORIENTED HANDBOOKS

Communication 0967-000-0010
Radar 0967-000-0020
Sonar 0967-000-0030
Test Equipment 0967-000-0040
Radiac 0967-000-0050
Countermeasures 0967-000-0070

DISCUSSION

The total EIMB Handbook series is listed above. Only the first two books in t h e  table
are called out in the NAVSH IPS 0902-00 1 -5000 specification tree. The books contain infor-
mation and guidance only, not specification control. There is vir tumally no guidance in the
General Information handbooks on the Power/Electronic interface. The one exception is the
safety discussion on shipboard ungrounded power in the General (-0100) book . The EMI
Reduction Book F 6  is not in the NAVSHIPS 0902-001-5000 specification tree. It contains
very little guidance for interference on t h e  Electric Power/Electronics/Signal-Common
interface.

F-6. NAVSHIPS 0967.000-0150, Electr onics Installation and Maintenance Book , Electromagnetic Inter-
ference Reduction. June 1972.
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Cl 1LI RECOMMENDED PRACTICE FOR ELECTRICAL INSTALLATIONS ON
SHIPBOARD F~7

DESCRIPTION

These recommendations were drawn up to serve as a guide for the equipment of mer- V -

chant vessels with an electric plant system and electric apparatus for lighting, signaling , com-
munication , power , and propulsion. They indicate what is considere d good engineering
practice with reference to safety of the personnel and of the ship itself as well as reliability
and durability of the apparatus.

DISCUSSION

With respect to the Electric Power/Electronics Interface , no information other than
that already provided in MIL-STD-l 399 , Sec 103, or MIL-STD- h 310 is given. With respect
to signal common , it recommends that the secondary of all instrument transformers be
grounded.

MIL-STD-I3 10 SHIPBOARD BONDING , GROUNDING , AND OTHER TECHNIQUES
FOR ELECTROMAGNETIC COMPATIBILITY AND SAFETY F-8

DESCRIPTION

This standard sets forth methods for shipboard bondin f , grounding, and the utilization
of nonmetallic materials for the purpose of electromagnetic interfe rence (EM I )  reduction and
the protection of personnel from electrical shock. In addition , methods for the installation
of shipboard ground systems are also provided.

DISCUSSION

This is one of the few specifications or standard s that discuss signal groumnd. The signal
ground system for NTDS (digital) equmipments is clearly defined. No deviations are allowed.
Engineering considerations associated with this approach are disctmssed elsewhere. There are
no data provisions in the standard.

F-7. ANSI CI 10. 1 — 1972 and IEEE STD 45-197I , Arm American National Standard , IEEE Recommended
Practice for Electric Installations on Ship board . Approved Jul y I I . 1972 , by the American National Stand-
ards Institute .
F.8. MIL-STD -I3IO C (Navy) . Shipboard Bonding, Grou nding, and Other Techniques for Electromnagnetic
Compatibility and Safety. 30 Nov 19 73.
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MIL-STD- l 605 (SHIPS PROCEDURES FOR CONDUCTING A SHIPBOARD ELECTRO-
MAGNETIC INTERFERENCE (EM I ) SURVEY (SURFACE SH1PS) F~9

DESCRIPTION

This standard provides detailed procedures for conducting an electromagnetic interfer-
ence (EMI) survey aboard surface ships. An EMI survey is requmired for new construction
ships and ships receiving overha uml s or other major repair work that changes the electromag-
netic configuration.

DISCUSSION

The standard is concerned with radiated eniissions in higher frequmency ranges only and
makes no condumcted-emission miieasurement or low-frequency (below I 50-kHz) measure-
ments. Ship ’s own equipment is used to check for susceptibility sensitivity. The standard
does provide clear provisions for data collection and reporting.

Ml L-HDBK-237 ELECTROMAGNETIC COMPATIBILITY / INTERFERENCE PROGRAM
REQUIREMENTS F I O

DESCRIPTION

This handbook provides criteria for establishing, managing, and evaluating an EMC pro-
gram on electronic , electrical , and electromech anical equip memits , subsystems , amid systems.
It provides EMC guidance to the project officer. The handbook is for use by procuring
activities , contractors , and testing facilities as follows:

(a) To assist in t h e  determination of the EMC requirements needed in equipment , sub-
systems, and system specifications , contract work statemem its , and other contractual documents.

(b) To be applied to any system or major equipniem it and to any life-cycle phase when
an EMC program is being defined , evaluated, or changed. The program may include deletions
or additions with changes tailore d and approved to imidiv idua l sections or requirements , as
appropriate.

The criteria in this handbook may be tailored in the request for proposal (RFP) or con-
tract work statement to form a basis for preparation of the contractor Electromagnetic Corn-
patibihity Program that is included in the contractual agreement.

DISCUSSION

This handbook is not included in the specification tree. It offers mieeded guidance for
forming an EMC plan. However , the only way to implement the guidance is th rough other
customized documents. Some general specification similar to MIL-E-605 I is needed to more
simply gain contractual control. There is clear guidance in MIL-HDBK-237 on data needs.

F.9. MIL-STD- l 605 (Ships). Procedures for Cond ucting a Ship board Electromagnetic Interference (EMI)
Survey (Surface Ships). 20 Apr 1973.
F 10. MI L.HDBK-237. Electromagnetic Compatibility /Interfe rence Program Requirements . 20 Apr 1973.

F-7

* - -_ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- V ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 

VV~~~~~~~~



-~ 
- V -

-

MIL-E-605 I ELECTROMAGNETIC COMPATIBILITY REQUIREMENTS , SYSTEMS F I I

DESCRIPTION

This specification outlines the overall requirements for systems electromagnetic compat-
ibility. including control of the system electromagnetic environment , lighting protection ,
static electricity, bonding and grounding. It is applicable to complete systemii s, including all

V 

associated subsystems/equipments.

DISCUSSION

This specification requires and controls system EMC approaches for aircraft systems. It
controls equipment EMI through MIL-STD-46 1 and the power interface through MIL-STD-
704. Lightning protection , hazards to ordnance , and other system considerations are con-
trolled by reference to appropriate specifications. Degradation criteria and safety margins
are included. Tests and test reports are controlled. A similar system-level specification (not
a handbook or guide) for ship systems would greatly improve EMC control , inc lumding control
on the electric power/electronics/signal-ground interfaces. Testing is not adequate to detect
this type of power-supply deficiency. There is no guidance given on the signal-groumnd
interface.

MIL-F- 18870 FIRE CONTROL EQUIPMENT . NAVAL SHIPBOARD , GENERAL SPECIFI-
CATION FOR F-12

DESCRIPTION

This specification covers the common requirements for the procurement of fire control 
V

equipment to be used in Naval shipboard weapon systems. Such equipment may be a corn-
plete system or a part of such a system.

DISC U S S ION

The new “E” version of the specification greatly improves the specification with respect
to control of the Electric Power/Electronics/Signal Common interfaces. The power interface
is controlled by invoking MIL-STD- 1399 Section 103 in the Section 3 requirements and the
Section 4 test requirements. Harmonic currents drawn by the equipment are controlled.
However , leakage current from the input power line to gro umnd (sh ip hull ) is not controlled.
A checklist for data needed in the ordering package is provided but th ere are no requirements
for data delivery on equipment perforniance. This specification is the only one giving clear
guidance regarding signal ground. Single-point grounding to the equipment enclosure and
then to the ship ’s hull is required. Technical problems that may be associated with this
approach have been discussed in Section 2.5 through 2.7. As with MIL-E-l6400 , a low-voltage
test for switching-mode regulator design deficiencies is needed. For a MIL-F-18870 specifica-
tion tree , see figure F-2.

F- I l . MIL.E-6051D , Electromagnetic Compatibility Requirements , Systems , 7 September 1967: Amend-
ment I (USAF). 5 Jul y 1968.
F-12. MIL-F-18870E (OS). Fire Control Equipment . Naval Ship boa rd. General Specification for . 25 Apr
1975.
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MIL-E-18870E(OS)

POW ER 
(3. 5.4.1 ) MIL -ST D-1399 SECTION 103
(4.6.10) 440V , 3-PHASE , 60 Hz

ELECTRICAL (3.5 .7.1 ) -

PROTECTION MIL -STD -454 REQUIREMENT 8

E M I  
(3.5.2 ) MIL -STD-454 REQUIREMENT 8 -
(4 6.8) MI L -STD- 1 399 SECTIONS 401 , 408 . 409

MIL -STD -46 1

GROUNDING SINGLE POINT GROUNDING 1
CORONA 

(3.5 .7.6 ) 
MIL -STD -454 REQUIREMENT 45 J

OTHER HARMONIC CURRENTS 

-

~

DATA R E Q U I R E M E N T S  V

F~~ure F-2. MIL-F-l 8870E(OS) EM-power specification tree.
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MIL-E-l 6400, ELECTRON 1C, INTERIOR COMMUNICATION AND NAVIGATION
EQUIPMENT , GENERAL SPECIFICATION FOR F l  3

DESCRIPTION 
V

This specification covers the general requirements applicable to the design and construc- 
V 

-

tion of electronic , interior communication and navigation equipment intended for Naval ship
or shore applications. This specification defines the environmental conditions within which
equipment must operate satisfactorily and reliably: the process of selection and application
of general material and parts; and the means by which equipment as a whole will be tested to
determine whether it is acceptable to the Navy. Requirements for individual equipments
shall be as specified in the individual equipment specification. Unless otherw ise specifically
stated in the individual equipment specification , the requirements of this specification and
any and all specifications cited therein shall apply when this specification is invoked.

DISCUSSION

This specification adequately controls the Power/Electronics interface by invoking MIL-
STD-l 399 Sec 103 in the Section 3 requirements , and the Section 4 tests. In addition , leak- -

age current fro m power lines to the ship hull is controlled (to 30 ma maximum in one part of
the specification and to 5 ma maximum in another part). The proposed amendment -l to
MIL-E- l 6400G also controls harmonic currents drawn by the equipment. MIL-STD-46 l tests -

are required; some switching-mode regulator power supplies can be destroyed by low input volt-
ages. Testing is not adequate to detect this type of power-supply deficiency. There is no guidance
given on the signal-ground interface. For a MIL-E-16400 specification tree see figure F-3.

MIL-STD-46 1 ELECTROMAGNETIC INTERFERENCE CHARACTERISTICS REQU I RE-
MENTS FOR EQUIPMENT F~14

DESCRIPTION

This standard covers the requirements and test limits for t h e  measurement and determi-
nation of the electromagnetic interference characteristics (emission and susceptibility) of
electronic , electrical , and electromechanical equipment. The requmirements shall be applied for
general or multi-Service procurements and single service procumrements , as specified in the
individual equipment specification , or the contract or order.

The req umirements specified in this standard are established to:

V 
(a) Ensure that interference contro l is considered and incorporated into the design of

equipment.
(b) Enable compatible operation of the equipment in a complex electromagnetic

environment.

F.13. MIL-E- 164006 (Navy ) Electronic . Interior Communications and Navi gation Equi pment , Naval Ship
and Shore , General Speci fication For . 24 December 1974.
F-14. MIL-STD .46IA, Electromagnetic Interference Characteristi cs , Requirements for Equi pme nt . I August
1968: Notice I , 7 Feb 1 968; Notice 2 . 20 Mar 1969; Notice 3.(U SAF) . I May 19 70; Notice 4 (EL) . 9 Feb
197 1 : Notice 5 , 6 Mar 1973; Notice 6, 3 Jul 1973.
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J

ELECTRICAL (3.5.2 ) ~~~~~~~~~~~ T D - 4 5 4 R E Q U I R E M E N T 8

E M I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

T
CEO6 I —I MIL -STD -46 1
REO2 I
RSO3
( CEO 1)
( REO 1)  MIL-STD-469

GROUNDING _ [ 7 ~~i~~~~~~J

CORONA

OTHER _ _ I TEA AG T 1

~~~E [ T ~~
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Figure F-3. MIL-E0 16400G EM-power specifmcatiomi tree.
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This standard shall be used in conjunction with MIL-STD-463 and MIL-STD-462.

DISCUSSION 
-

The importance of MI L-STD-46 1 in assuring electromagnetic compatibility on the elec-
tric power/electronics interface cannot be overstated. It also offers a means to gain control
of the signal-common interface , a control mostly lacking at present. In the past , MIL-STD-
461 test offered the first information on how the equipment would respond to dynamic sys-
tem co.nditions — all the other power interface tests being static in nature (ie , set the source
voltage 10 percent low and verify system operations). Many power-supply stability loops
and many filters have had to be redesigned when MIL-STD-46 I type tests uncovered design
deficiencies unsuspected before the tests. The latest versions of MIL-E-l 6400 and MIL-F-
18770 greatly improve the testing of the power interface , yet many design deficiencies can
still only be caught by the CSO 1 and CSO6 type of testing in MIL-STD-46 1. MIL-STD-46 I is
a complex specification currently undergoing extensive revision for a “B” version.F- l 5,F- I6
In the funding level and time constraint of this project , no adequate review of MIL-STD-46 1
was possible. Limited comments on thre e tests (CSO 1 , CSO6 , CEO I )  and signal common test
possibilities are made.

CSO I

This is a conducted susceptibility test where a signal is injected into the input power
leads to the equipment under test and swept fro m 30 Hz to 50 kHz. The signal has a source
impedance of less than 0.5 ohm amid an ampl i tude (30 Hz to 1.5 kHz ) of 3-V ac rms (6-V ac
rms in the V

~ B•~ version) or 10 percent of the line voltage , whichever is less. The signal simu-
hates modulation signals found on power soumrces. Some of the modulation may be inherent
in the source but most of it is caumsed by interactions between various loads and the power
system. The CSO I test detects faulty design of t h e  feedback loops in power supplies and in- -

adequate control of resonant points in the inpum t filters.

Review of the CSOI test limits indicates:

(a) The amplitude test limits are less than the modulation limits controlled by MIL-
STD- I 399 sec 103,

(b) The frequency range does not extend down to the 0.8-to-25-Hz frequency range
corresponding to the characteristic frequency of generator control loops (wh ich is also the
characteristic frequency range of some poor power supply designs), and

(c) The 0.5-ohm source impedance may limit the available energy in the test to a value
far less than the energy in the real system.

Most of these limitations are the result of limitations in the test equmipment and the
methods used for the CSO I tests. Even though the test is l imited in ampli tude , lower frequmen- V

cy range , and impedance , its value is such that it sh ould not be waived. There is a need to

F-Is. Interference Technology Engineers Mast er Directory and Design Guide ( ITEM 1976), R&B Enter-
pri~es, Plymouth Meeting, PA 1976 , 128 , 129 , and foldout. Military E MC Specificatio ns , MIL-STD-461B . A
Summary of Tentative Requirements of the “B” Version.
F-I6. Correspo ndence received 5 Sept 1976 , from Steve Caine , ELEX 51024 , to Jerry Fot mt z , NELC 4340,
Latest Proposed Curves for MIL-STD Limits for (‘EOI , CSO I , and CSO6
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overcome present limitations in the test and realign the limits to be compatible with what
electronic equipment can experience when installed aboard ships.

CSO6

This is a conducted susceptibility test where spikes are injected into the inpum t power
leads to the equipment under test. The injected spikes simulate the spikes seen in power
systems. The primary cause of the spikes is the interruption or rapid change in current in in-
ductive circuits. For example , a circuit breaker opening can cause large spikes on the power
distribution cables to the equipment. The spike-test limits often determine t h e  voltage rating
and circuit configuration of equipment input filters . The spike test can detect conditions
such as (a) parasitic coupling paths from input to load : (b) poor EMI filter configuration
which delivers spikes to the load , bypassing power supplies and other filters: and (c) poor
impulse response of filters and control loops. Limits used and proposed for MIL-STD-4 6 I B
range fro m 100 V to 400 V. Spikes seen in ships have been high enough to result in a 2500-
V spike requmirement in MIL-STD- 1 399 sec 103.

CEO I

This conducted emission test measures ac current between 30 Hz and 20 kHz flowing in
the power lines when there is a low ac impedance to ground (ship hull). This frequency range
is within the range of the harmonic cumrrents related to the fundamental power line frequency.

In the proposed MIL-STD-46 1B, the specification limits have been changed to be com-
patible with the 3-percent harmonic current limit (of MIL-E-l 6400F Amendment 1 , and
MIL-F-l 8870E) for 60-Hz , 440-V, 3-phase loads greater than 1 kVA and for 400-Hz , 400-V .
3-phase loads greater than 0.2 kVA. The limits are more relaxed for lower power loads and
tighter for single-phase loads and for I I  5-V input power. One of the pumrposes for invoking

— these limits is to prevent electronic equipment from causing harmonic voltage distortion
limits being exceeded on the MIL-STD- l 399 Sec 103 interface. The limits proposed are ex-
pected to accomplish this. Other purposes for the CEO I test were not investigated.

SIGNAL COMMON

Rejection of common mode noise on signal lines/signal common between electronic
equipments , and the effect of circulating signal-common currents on signals , are presently

— poorly controlled. MIL-STD-46 1 could be expanded to contro l and test for these effects.
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