



























































































































































Techniques Concept for Technical Manage-
ment Decisions.

The complexity inherent in the system de-
velopments under DOD 3200.9, as well as
the number of discipline areas involved re-
quire that the technical management struc-
tures be spread horizontally over wvarious
functions and vertically through tiers of de-
cision-makers. For example, in one major
complex ship development there are 15
major subsystems operating in 25 different
operational modes with over 1000 equip-
ments. One subsystem alone has over 25
million state conditions in the reliability
sense. All the persons involved need help. It
is of prime importance tc construct the tools
and techniques falling under the effective-
ness canopy so that the information given to
the people responsible indeed helps them in

TECHNIQUES CONCEPT FOR

making their decisions. Figure 2 depicts two
techniques for meeting the problem by pro-
viding, one, a figure ¢f merit output, such as
the probability of successfully completing a
mission (Ps), and, two, a variety of effective-
ness elements outputs. It is necessary to
examine these approaches in some detail
relative to “useability,” which, after all, is
the measure of any technique or model.
Assuming equal time for both concepts,
three criteria are considered in making a
comparison:
® Responsiveness to actual decisions
(Techniques/Pecple Interface)
® Responsiveness to technical manage-
ment communications requirements
(people/people interface)
® Responsiveness to questions (people/
techniques interface)
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In order to generate decisions the tech-
nique or model must be a data processor
which exercises input data to provide pro-
cessed data directly related to the discipline
or function about which a decision must be
made. For example, a logistics acquisition
manager, in the Integrated Logistic Support
(ILS) context, wouid base his decisions on
the effecc that manning/spares/test facili-
ties alternatives would have on total system
operational effectiveness or performance.
Similarly, designers and reliability/main-
tainability managers would base their deci-
sions on the effect of configuration and re-
dundancy changes on operational effective-
ness or performance. Thus, techniques and
models must provide answers for all tiers of
decision-makers. On the other hand, the
overall figure-of-merit approach makes the
model the decisionmaker. Since this loops
out all the responsible people, there is no
decision-responsiveness, at any level, and
worse yet, gives the top program manager
information without the benefit of sub-op-
timization and sensitivity indications.

Responsiveness to technical management
communication requires that models provide
answers and information in a form that is
understandable to management across-the-
board. Not only must the processed data
relate to an individual on a one-to-one basis,
but it must have a common thread to enable
committee decisions within tke technical
management complex. NMC’s analytic ap-
proach to effectiveness, defined in NAVMAT
P3941 (Navy Systems Performance Effec-
tiveness Manual) of May 1967, stipulates
“performance” as the required, common
thread. This means that /1) the perform-
ance parameter (P.) can be treated separate-
ly; or (2) the performance variation with
time (Pr) can be treated separately as it is
affected by failures, repairs, and logistic sup-
port; or (3) they can be treated together
(P:Py); or (4) the resources can be dis-
played (e.g. Po Pr P. Py

MP §
where MP signifies manpower. Thus spe-
cialists can meet and discuss the influence of

their specialities on total system perform-
ance. An overall effectiveness figure of

merit technique, in effect, replaces committee
decisions and actions by the model itself; it
cannot serve to aid making tradeoffs be-
tween functions (i.e. design versus reliabil-
1ly/maintainability versus I.L.S. etc.) in-
volving more than one decision-maker.

If the tool or technique is responsive to
actual decisions to be made, then it is re-
sponse to questions posed by technical man-
agement. Again, a DATA PROCESSOR as
a model for processing data into a form di-
rectly related to problems to be solved is the
recommended approach. For example, people
responsible for reliability and maintainabil-
ity (R/M) are interested in analyzing al-
ternate approaches for achieving R/M re-
quirements. The model must be helpful to
these people in arriving at an optimum solu-
tion. The “people/model” interface must be
basic in carrying out the direction in the
DOD 3200.9 policy, namely that systems
should be formulated and defined from a
foundation of alternatives.

TECHNIQUES PROGRESS
Meeting 3200.9 Challenge — NMC Systems
Performance Effectiveness Management

Coordination of Systems Performance Ef-
fectiveness (SPE) within NMC is provided
by the NMC SPE Steering Committee, chair-
ed by Mr. D. Whitelock.

The Naval Applied Science Laboratory has
been assigned NMC lead laboratory in SPE
and is performing work for people and pro-
grams across-the-board in NMC. This work

Figure 3




covers both development and application of
effectiveness techniques.

Figure 3 shows the working relationship
of the Laboratory's SPE Program with the
Navy and NMC. The Program’s technical
scope and breadth made it necessary that it
be managed by the NMC SPE Steering Com-
mittee. Sponsorship of the techniques de-
velopment work is provided by Ship Systems
Command, Code 03511.

As indicated, involvement includes people
support covering consultation, review, and
guidance functions rendered to NMC and
Systems Command Offices. It also includes
program support through active participa-
tion in program developments throughout
the commands under independent funding
and task assignments for each program. The
developed techniques are thus applied and
validated on real-life programs representa-
tive of many different types of systems, elec-
tronic and mechanical. From NMC and the
individual program viewpoints, third party
in-house objectivity is provided on a “quick
response” basis for the purpose of develop-
ing effectiveness requirements, performing
tradeoffs, contractor evaluations, ete.

Management by the NMC Steering Com-
mittee (meeting monthly with representa-
tion from all Systems Commands as well as
from Industry), provides an excellent forum
for exchange of ideas and for identification
of Navy problems. It also ensures that SPE
efforts proceed with maximum NMC ccordi-
nation and minimum duplication.

SPE at the Naval Applied Science Labora-
tory is organized as shown in Figure 4,
wherein techniques development and tech-
niques application are integrated in one
organization. This integration offers enorm-
ous payoffs through:

® Management flexibility in utilization
of men

® Validation and refinement of techni-
ques within the same organization,

® Feedback from real-world problems re-

quiring new and better techniques
such as data requirements, design in-
formation retrieval, failure criteria
for effectiveness evaluation allowing
degraded performance, multi-mission
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analysis, raultiplicity of modes and
states in ship-level applications, etc.
Competence buildup as capability is
increased by means of technical man-
ager experience gained in program
participation, and motivation is en-
hanced, by utilization of one's own
ideas.
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Meeting 3200.9 Challenge — Techniques

Problem areas are determined after co-
ordination and review by the NMC SPE
Steering Committee.

Figure 5 presents some of these areas
where efforts are underway. They generally
fall into three categories:

1. Data Processing Techniques — These

encompass methodology, concepts,









in this context, a GEM user need only pre-
pare the Users Directions which comprise a
Definition Language and a Command Lan-
guage. The following material gives specifics
of present and near term (calendar 1968)
GEM capability.

The complexities of FORTRAN program-
ming is avoided. Definition and command in-
struction are in English-shoit-hand style, a
distinctive factor for orienting the program
“user or decision-maker oriented,” (see fig-
ure 7).

my

Figure 7

First, the user must transform a system
configuration to its related reliability block
diagram by using standard procedures. The
reliability block diagram is in turn described
and resource constraints added, using a pre-
scribed short-hand vocabulary for input into
the computer. This vocabulary consists of
the following:

® Level (or hierarchial position starting
from the apex)

® Duplicate Number (no. of identical
system items)

® Name (for identification)

® Formula (relatiouship of items or fail-
ure/repair distribution of lowest level
item)

® Parameters (clarifies relationship of

items—e.g., for redundancy require-
ments—or gives failure/repair dis-
tribution parameters of lowest ievel
item)
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Environmental Vectors

—Upstates (states complex upstate
rules)

—Operate (gives number of identical
items operated—remaining identi-
cal items in standby redundancy)

—Shared (identifies similar items
throughout system)

—Repairmen (designates number of
repairmen and items sharing re-
pairmen group)

—Spares (designates number of spares
for each spare pool and items serv-
iced by each pool)

—Priority (states strategy when re-
pairmen/spares are shared)

Thus, utilizing an English-language pro-
gram, a total systeia for meeting a prescribed
performance, including desired repairmen
and spares constraints, can be simply de-
scribed for computer input with design real-
ism reflected in the exactness of the config-
uration descriptors comprising the definition
language.

Second, the user activates the processing
through the Command Language which
serves to ask the computer questions and to
make modifications in the system already de-
scribed. Once the basic description has been
inputed. The command instructions become
a dynamic mechanism for exchanges between
the machine processor and the user, looped
by means of the plot (graphical) output.

Having determined (before using the GEM
program) the effectiveness criteria required
for evaluating his system against mission
needs, the user then chooses a calculation for
the machine to obtain a value for the effec-
tiveness measure or criteria. As described
earlier, the user can be a technical manager
responsible for system design, reliability, or
maintainability, or logistics, but the measure
must be sensitive to his design responsibili-
ties. The measures in the present and near
term (calendar 1968) GEM capability are:

® Reliability without repair

® Interval reliability without repair
(within any mission time “window")

® Reliability with repair (applicable to

today’s highly redundant systems)

.







records the processed system descriptions,
and has a recall capability and an update pro-
gram. These features enable a manager to
file his system and keep its description cur-
rent as design changes occur. The processor
is a translator which allows the computer to
accept the system definition and command in-
structions and to generate and execute an
evaluation program. Specifically acting upon
the User's instructions, the processor ex-
tracts the proper formulas from the Formula
Library, generates the routines for the evalu-
ation and, using the hierarchial structure of
the described system inputed, executes the
evaluation. This generalized capability is sig-
nificant for two reasons: it avoids piecemeal
approach to individual Navy programs in
buying and developing analytic and program-

ming work over and over again, and it en--

ables rapid analytic turn-around and early
identification of useful areas for engineering
analysis and investigation.

-GEM PROGRAM APPLICATIONS

Figure 8

A concurrent validation program is being
carried on through application of the GEM
program in systems representative of the
Navy across-the-board. Figure 8 shows dif-
ferent types of systems and equipments
which were selected for applying GEM so
that all of GEM’s capability could be tested
against the desired objectives. Figure 8 de-
picts past, current, and near term applica-
tions covering total ship systems (FDL, D.E.
Propulsion, DXGN, SABMIS) as well as So-
nar, Radar, Interior Communications and
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Missile Subsystems. Further, program par-
ticipation provides insight on new measures
of effectiveness required by the users them-
selves. Highlight validations to date are:

@ Early GEM capability used in the SQS-
26AX and BX Backfits indicated the
need for additional scan conversion re-
dundancy; suitable action was taken.

@ Utilizing Repairman allocation capa-
bility, GEM evaluated reliability with
repair and availability for the SQS-26.
The results showed no incremental im-
provement in these measures by hav-
ing more than two maintenance tech-
nicians per 8-hour shift.

® Using the Vary command capability,
the failure rate of microcircuits in the
transmitting subsystem of the Con-
formal Planar Sonar System was var-
ied widely on either side of the devel-
oped norm with little impact on sys-
tem reliability and availability. This
evaluation led to a decision to forego
further major effort in determining
failure rates with any degree of accu-
racy greater than anorder of 10. (Ref:
“Application of SPE Techniques’ pre-
sented by M. Lubliner of NASL at
SPECON 3, May 1967).

® Ship System Reliability without repair
and availability calculations were per-
formed for the FDL Project Office.

® Reliability with and without repair
and availability evaluations were per-
formed on shipboard propulsion
machinery.

Conclusions:

® The GEM program concept for “use-
ability” within the context of DOD
3200.9 of 1 July 1965 has been suc-
cessfully demonstrated.

@ The GEM program concept for “gen-
eralized” usage has also been demon-
strated.

@ The GEM program capability has been
shown to be suitable for preliminary
comparative studies of shipboard pro-
pulsion systems. (Ref: “Ship Propul-
sion Machinery Reliability and Avail-
abality Analysis,” R. L. Hamilton,
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Proceedings, 1968 Annual Symposium
on Reliability of 16, 17, 18 January).

The validation effort also indicated GEM
potentials:

@ Expansion of capability to handle com-
plex ship-level situations involving
millions of up and down state
conditions.

@ Expansion of effectiveness measure-
ment capability to include multiphase
mission problems (Ref: R. L. Hamil-
ton presentation at 1968 Symposium
on Reliability).

@ Expansion of effectiveness measure-
ment capability to include considera-
tion of allowable maintenance down-
times. (Ref: “Reliability Analysis of
Ship Systems During Contact Defini-
tion,” John R. Lennon, Proceedings
1968 Annual Symposium on Reliabili-
ty of 16, 17, 18 January).

@ Efficiency improvements to reduce
computer running times in evaluating
availability and interval reliability for
complex systems with no technician/
spares limita‘ions (to be completed in
calendar 1968).

In addition to expansions generated specif-
ically through the validation program, total
system tradeoff requirements point to the
need for continued GEM expansion in main-
tainability, logistics, costs, optimization, ap-
proximation techniques, etc. All expansions
are coordinated and reviewed by the NMC
SPE Steering Committee before commitment.

As a last comment, the GEM Program is
being run on the Courant Institute CDC 6600
computer at New York University (N.Y.C.).
The Naval Applied Science Laboratory is
available for consultation on the GEM Pro-
gram. Contact is recommended via Navy
Program Offices.

Maintenance Simulation Model
It is recognized that not all preblems lend

themselves to generalized approach. Special
programs will still be required with individu-
al computer input instructions. As compared
with the deterministic approach offered by
the GEM program for analysis, a simulation
approach may be necessary. Indeed, when
the relationships are so complex that the
equations are not readily solvable, or if the
relationship cannot be conveniently expressed
in mathematical terms, a simulation model
must be employed in the effectiveness calcu-
lations. The advantages offered by each ap-
proach make them complementary for serv-
ing 3200.9 requirements during concept for-
mulation/contract definition activities. Anal-
vses of the complex maintenance environment
and procedures aboard Navy ships require a
simulation method. With this in mind, the
Laboratory has developed a Maintenance
Simulation Model using the General Purpose
Simulation System (GPSS) language.
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The objective of the model development
was to simulate the shipboard behavior of
any equipment suit under a variety of serv-
icing conditions for any given length of time
typical .of mission tasks. The basic model
structure and information flow is given in
figure 9 for equipment selection, performance
and servicing in simplified form. It is suffi-
cient to convey the simulation process. In
the actual flow processing there are many
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more actions and decisions which include con-
siderations of (See Figures 9A and 9B) :

mission types

mission duration

equipment use/mission

equipment, module failure rate
maintenance induced failure

time equipment failed

catastrophic vs. non-catastrophic
failures

number of tolerable failures
technician data—types, grades, shifts,
rates, etc.

equipment priority

test equipment failure

shop repair of failed test equipment

® shop repair of failed module

® misdiagnosis of modules

® operator cost

® module cost, ete

Similar comprehensive structuring has
been developed for shop activity and module
repair on board ship.

The large number of actions and decisions
in the model make it very sensitive to actual
maintenance procedures and, also, require
the user to supply the required input infor-
mation
flow and the inputing requirements, refer-
ence is made to NASL Lab. Project 920.72-2
Progress Report 3, entitled “A Maintenance
Simulation Model.”

For more details on the computer
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Because the simulation model exercises
and stores myriad maintenance information,
it provides, as output to a user, a summary
of useful, detailed data as to the availability
of the prime equipments as well as utilization
of the service facilities and personnel.

Typical outputs currently provided by the
Maintenance Simulation Model are:

® Availability of each prime equipment,

® Average and peak utilization of each
type of test equipment,

® Maximum and average number of
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equipments awaiting line service, and
average length of wait,

Maximum and average number of
modules awaiting shop service, and
average length of wait,

Average and peak utilization of
technicians,

Labor and material costs accrued in
actual line servicing,

Labor and material costs accrued in
actual shop servicing, and

Labor and material costs of routine
maintenance.
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The engineering efforts being applied to
the submarine ASW combat system have
been divided into:
® The in-service submarine ASW combat

system.
® The submarine ASW combat system of
the future.

THE IN-SERVICE SUBMARINE ASW
COMBAT SYSTEM

The efforts being expended to evaluate
the effectiveness of the in-service submarine
ASW combat system, are aimed at establish-
ing an effectiveness baseline to illuminate
those areas where improvements should be
sought. Such a baseline can also be used to

assess the value of initiating new develop-
mental efforts, and to determine the goals
toward which such efforts should be directed
to improve the overall system effectiveness.
For example, this would include a determina-
tion as to whether improvement should be
sought in a particular sonar, and if so,
whether it should be sought by means of
improved performance, or whether a reli-
ability/ maintainability enhancement pro-
gram would suffice.

Prior to the establishment of the ASW
System Project Office, developmental efforts
sometimes proceeded on a particular subsys-
tem or equipment without consideration as
to how the overall system performance was

~ GENERALIZED SCHEMATIC OF
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Figure 7 — Simulation Model

The next major effort was the development of a simulation model of the real-life
STINGER system to help in the coordination/management area of responsibility.

A basic problem was encountered in this development: the input to the simulation
model must be in terms of combat construction required. That this information is not
readily available is unfortunate but true. It has been a problem to the Navy for some
time. For example, programming and funding for the NCF and the material to support
them has been difficult because planning has neither defined precisely, nor supported the
facility requirements of the various contingency plans.

The computer program has been structured, therefore, in an effort to solve both of
these problems. The simulation model is designed first, to permit the identification of
construction requirements, and second, to permit analysis of the best way to structure and
outfit a NCF which will fulfill the construction requirements of the Operational Com-
mander.

Model input considers the contingency scenario in terms of forces and their employment.

The outputs of the simulation include: facility requirements, the Naval Construc-
tion Forces necessary to build and maintain the facilities, the material resources required
in terms of advanced base function components, the prepositioning requirements of the
PWRS, and the training and deployment requirements of these forces. In addition, the out-
puts assist in the identification of new hardware, homeport facility and operational re-
quirements, and the need for improved construction and operational techniques.
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Figure 12 — Second Phase Operation

The second phase of the Facilities subprogram relates the individual unit facility re-
quirements to the engagement described in the scenario. It collates these facility require-
ments tc develop the construction of depot warehousing, fuel storage, port facilities, major
cantonments and the like into advanced bases and tactical construction.

It should be mentioned at this point that the machine is not operating independently
in this process. The military planner is very much a part of it, and the program is so
written as to allow the planner to recycle the various phases to compare, for example, al-
ternative patterns of advance base development. The program also permits the identifica-
tion and input of unusuai features of the employment, terrain, ete., which may be of sig-
nificance in the scenario under consideration
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Figure 14 — STINGER Simulation

The output of the facilities subprogram is then utilized to study and assess the
STINGER system which must be prepared to accomplish the construction specified.

Since the parameters associated with the output are cost (in terms of forces, time,
and dollars), trade-off studies can be made to provide the decision maker with alternative
courses of action.

Consideration of a single scenario permits the “what if” type question; i.e., “what hap-
pens if material deliveries are late;” or, “what happens if the required completion dates of
certain facilities is advanced or extended.”

By iteration of many scenarios, it will be possible to look in depth at the real-life
STINGER system and evaluate such questions as:

1. Is the P-256 MCB most effectively composed of the proper mix of men, equipment
and skills to accomplish the construction required? If not, what should the mix be? How
many battalions are required to properly support the Fleet Commander?

2. For a given STINGER system, what are the homeport facility requirements?
What is the most effective policy for advanced base construction depots, and construction
equipment overhaul?

8. What should be the magnitude of prepositioned stocks of material, equipment,
and SEABEE tactically installed components; and where should they be?

Other important policy and doctrine decisions regarding training, deployment, and
budget information can be more rationally determir.ed using the simulation model.

Thus, the simulation model will allow “war gaming” the real-life STINGER system
to establish the best way to ensure that the SEABEES are ready to support the military
and construction needs of Naval warfare.
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INTRODUCTION

The DX/DXG Program is aimed &t the
definition and acquisition of escort ships to
meet the needs of the U.S. Navy of the
future. During the concept formulation
phase of this program, total ship reliability
and availability goals were tentatively estab-
lished. The U. S. Naval Applied Science Lab-
oratory (NASL) was requested to assist and
support the DX/DXG Ships Aquisition Pro-
ject Office in the area of reliability and main-
tainability. Major effort was to be directed
to (1) interpretation of these reliability and
availability goals and requirements, (2) al-
location of subsidiary goals to major ships
functions, (3) assessment of the feasibility
of achievement and (4) determination of
critical functions, i.e., those least likely to
be achieved in terms of present ship design.
An initial effort prior to phase A of contract
definition was to be followed by further up-
dating and refinement throughout phase A,
culminating as an input to phase B (con-
tractor’s efforts), of contract definition. This

paper describes the techniques used in
achieving the aforementioned cims. Quan-
titative results and conclusions regarding
major ships functions will not be disclosed,
in keeping with the sensitivity of the pro-

gram and the security level of this con-
ference.
APPROACH. The steps taken to achieve

the stated aims of NASL in the DX/DXG
Program are summarized in Figure 1. The
nature and purpose of each step is amplified
below

Mission Definition and Description. Gen-
eral missions were prescribed for the DX
DXG. Additional specificity, however, was
required to ensure unambiguous determina-
tions of ship reliability and availability
under conditions exercising the major pri-
mary modes of ship’s operation. This is
provided for by the mission descriptions
Baseline Ships. Selected to
basis for modelling and prediction, baseline
ships must be of well established design,

provide the

Figure 1
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INTRODUCTION

The complexity of modern day systems is
such that it is most difficult to obtain from
production equipment the same performance
obtained from experimental systems or
breadboard devices operated by design engi-
neers.

The transfer of the technical concept from
the developmental laboratory to the equip-
ment design and production activity must be
made via the specification. This transfer of
knowledge must be made in such a way that
the engineering design and production agent
have some freedom to permit the incorpora-
tion of latest engineering advances.

Government design review offers a prac-
tical method to ensure that a contractor has
fully complied with specifications and to
allow him to implement the latest engineer-
ing advances in his design.

The AN/SQS-26 is a multimode high
power sonar system. Three basic propaga-
tion paths can be exploited by the active
system. The three paths are Surface Duct,
Bottom Bounce, and Convergence Zone, (fig-
ure 1).

Figure 1

The Surface Duct can be insonified with
either a 360 degree Omnidirectional Trans-
mission (ODT) or a 120 degree directional
transmission which is called Processed Direc-
tional Transmission (PDT). The Bottom
Bounce and Convergence Zone paths are in-
sonified over a 120 degree arc. Simultaneous
operation of Bottom Bounce and ODT, or
Convergence Zone and ODT, or PDT and
ODT is possible.

149

In addition to the active modes of opera-
tion, a passive capability is provided. The
passive mode can be operated simultaneously
with any active mode. There are several
models of the SQS-26. The models are XN-1,
XN-2, 26, AX, BX, AX Retrofit and CX.

Figure 2

Figure 2 is a block diagram of the CX equip-
ment. The design review of SQS-26's started
with the BX equipment. TlLie BX equipment
had been partially designed when Under-
water Sound Laboratory started the design
review. The design review of the BX began
with an electrical and a transducer design
review only. It was soon learned that a
mechanical and a human factors design re-
view was a necessity. At the same time that
the Laboratory was conducting the design
review of the BX, an at-sea evaluation was
being performed on the XN-2 equipment.
The knowledge gained by the at-sea evalu-
ation was added to the AX Retrofit and the
CX equipment. Thus, the design review of
the AXR and CX benefited not only from the
experience with the BX, but also from the
results of the at-sea tests. The growth of
design review was in both the number of
personnel and in knowledge.

There are many elements that govern the
well known learning curve, some of which
are: state-of-the-art components such as
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Systems Effectiveness is a composite eval-
uation of hardware from many different
viewpoints. This paper will discuss some of
the methods and techniques available to im-
prove the availability component of systems
effectiveness from the maintenance engineer’s
viewpoint. The area of interest is therefore
in the maintainability characteristics of the
hardware

For a long time, qualitative features
been designed into Navy equipment fo im-
prove maintainability : modular construction,
roll-out shelves, and fasteners with quick-
disconnect features, are some common exam-
ples. This qualitative approach alone, how-
ever, discloses nothing other than the fact

have

LIGHT) MAI
MINUTES/

NTAINABILITY

that the maintenance man’s tasks have been
facilitated. It is not known how much—and
how effectively because a “yardstick” is not
available to measure progress. This can be
done, however, by putting in the qualitative
design features, and putting numbers on them
in accordance with MIL-FDBK-472 tech-
niques. Next, a test would be made to see
whether the estimated values are valid. When
they are, they can be reused with confidence.
When they prove invalid, then we will know
where to improve upon our efforts in the fu-
ture. In essence, through quantitative main-
tainability analysis, we can pinpoint how and
where to progressively improve equipment
design.
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Figure 5

A prototype 15 kva three phase, solid-
state, high speed power source transfer
switch, shown in figure 5, was developed for
those installations having two independent
and energized power sources available. This
prototype switch senses both the frequency
and voltage of the two power sources and
automatically transfers from one power
source to the other whenever preset limits
of frequency or voltage are exceeded. Fur-
ther studies using this switch will be con-
ducted at NCEL to determine the effects, if
any, of high speed switching on power dis-
tribution systems and on transient sensitive
loads.

The simplest and most economical method
of providing electrical energy for power con-
suming electronic equipment is to use raw
utility power directly. However, the quality
of raw utility power becomes degraded oc-
casionally because of disturbances caused by
man and nature. For improved power qual-
ity, power conditioners such as power volt-
age regulators, motor-generator sets, with
and without flywheels, rotary uninterrupti-
ble power supply systems and solid-state,
uninterruptible power systems are used. The
major power conditioners used to date are
described below.

M-G sets with a flywheel are conventional
motor-generator sets with a rotating mass
flywheel whose inertia tends to smooth out
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rapid voltage and frequency fluctuations.
M-G sets are particularly effective in isolat-
ing loads from pulse transients. The com-
monly used M-G sets range from 30 to 100
kva maximum and can provide to 300 milli-
seconds of power carry-through while out-
put frequency drops to 59.5 Hz.

The rotary type of uninterruptible power
system has been predominantly used to date
by all military facilities because it has the
longest development history. The power
capacity ranges from 30 to 600 kva. The
most commonly used size: are 60 and 200
kva.
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ROTARY NO BREAK POWER SYSTEM

Figure 6

Figure 6 shows a typical rotary uninter-
ruptible power supply system. Commercial
power supplies a motor which, in turn, drives
a generator. The generator provides power
for the load. Upon failure of the normal
power source, a standby diesel is brought up
to speed and coupled to the generator. Dur-
ing the switchover period, the stored energy
in the rotating flywheel continues to drive
the generator. Needless to say, massive fly-
wheels are required to sustain the frequency
within 0.5 to 1.5 Hz. The disadvantages of
rotary uninterruptible power supplies are
unreliability due to frequent component fail-
ures, the high level of maintenance required,
and the need for periodic lubrication and
equipment overhaul. Other designs and mod-
ifications of this basic rotary uninterruptible
power supply are available which have im-
proved performance characteristics.




Figure 7

With the development of high power silcon
control rectifiers and other solid-state com-
ponents, the latest method of obtaining con-
tinuous electrical power is the use of a solid-
state uninterruptible power supply system
shown in figure 7. Commercial power is con-
verted to a d-c voltage by power rectifiers.
The rectified power is supplied to the static
mverter which provides the a-c power out-
put. A battery bank is interposed between
the rectifier output and the inverter input.
In principle, commercial power supplies the
load thru the rectifier and inverter. In this
system there are no noticeable voltage or
frequency deviations in the output power
waveform.

Another method for providing continuity
in the supply of electrical power is shown
in figure 8. This scheme involves placing a
60 Hz tuned tank circuit between commercial
power and the sensitive critical load and is

Figure 8
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called a Passive Power Continuity Device.
A prototype 5 kva single phase, 120 volt
Passive Power Continuity Device was de-
veloped and tested at NCEL. This device
maintains output voltage to 80 percent rated
value with a complete 2 Hz power outage at
the input. It is believed that 5 Hz of power
carry-through is obtainable by the addition
of a magnetic voltage regulator on the out-
put of this Passive Device. The development
of a three phase, 60 kva unit is planned for
further evaluation of this concept.

In conjunction with determining the
harmful effects of electrical transients on
equipment operation, NCEL is investigating
methods and techniques for desensitizing
electronic equipments to power transients.
Desensitized equipments will, of course, re-
quire less expensive power conditioners. Dur-
ing investigations conducted so far on the
transient susceptibility of basic regulated d-c
power supplies, it was found that by merely
increasing the value of the energy storing
capacitor, the performance of these power
supplies under momentary power outages
can be improved tenfold. This area of re-
search shows promising end results. Ther-
fore, a continuing investigation will be con-
ducted of the transient susceptibility of
other basic electronic circuitry such as amp-
lifiers, oscillators, multi-vibrators, unijunc-
tion pulse circuits and other building block
circuits common to all electronic equipment.

Current input power specifications for mil-
itary electronic equipments contain no per-
formance requirements covering momentary
power interruptions, pulse voltage transients,
and other power transients. Little effort has
been spent to achieve operational compatibil-
ity between available electrical power sources
and critical electronic equipments nor have
tests been conducted to establish transient
susceptibility limits of this equipment. Con-
sequently, the best power conditioners that
technology offers are now provided for criti-
cal electronic equipments to circumvent op-
erational problems resulting from power sup-
ply anomalies. This practice is technically
unsound and wasteful since such power con-
ditioners are costly and often not necessarily
required.




























OVERALL DESCRIPTION:!

THE TIME SIGNAL GEMERATOR IS A DIGITAL CLOCK AND TIME CODE
GEMERATOR INTENDED FOR USE AS A CENTRALIZED TMING
EQUIPMEXT FOR SHORE OR SHIPBOARD INSTALLATIONS. THE TIME
SIGNAL GENERATOR UTILIZES REDUNDANCY OF THREE INDEPENDENT
DIGITAL CLOCKS TOGETHER WITH A MAJORITY YOTE TECHNIQUE TO
PROVIDE HIGHLY ACCURATE AND STABLE TIME INFORMA TION.

TWO MODES OF OPERATION ARE PROVIDED:

OUTPUTS INCLUDE:

HOUR SYSTEM,

A VISUAL DISPLAY OF MOURS, MINUTES, AND SECONDS IN THE 24

2. A TIME OF EVENT CONTROL PULSE CAPABLE OF BEING PROGRAMMED
TO THE MICROSECOND OF ANY 24 HOUR PERIOD.
3. 12 DECADE INCREMENTED TIMING PULSES RANGING FROM ONE PULSE
PER MICROSECOND TO ONE PULSE PER DAY.

v

. DIGITAL AND ANALOG TIME CODES,
, TIME MARKER PULSE TRAINS,

COMPARISON; (2) SELECTED CHANNEL. IN THE MAJORITY MODE, ALL
EQUIPMENT OUTPUTS ARE GENERATED AS THE RESULT OF & MAJORITY VOTE
DECISION BASED UPON THE COMPARISON OF INDIVIDUAL OUTPUTS FROM THE
THMREE INDEPEMDENT DIGITAL CLOCK CHANNELS. THE SECOND MODE OF
OPERATION (SELECTED CHANNEL) IS PROVIDED TO ENABLE THE TIME OF
EVENT CONTROL PULSES, TIME OF DAY DISPLAY, AND DIGITAL TIME CODE
OUTPUTS TO BE CONTINUED, WITHOUT BENEFIT OF MAJORITY YOTE, DURING
THE TIME REQUIRED FOR TROUSLESHOOTING OR REPAIR OF A CHANNEL WHICH
1S 1IN DISAGREEMENT WITH THE OTHERS,

(1) MAJORITY VOTE OR CHANNEL

THE TIME SIGNAL GENERATOR IS CAPABLE OF DRIVING 25 REMOTE DIGITAL
DISPLAY INDICATORS.

PERSONNEL REQUIREMENTS

TEST EQUIPMENT SUPPLIED

Y

RATE

SKILL REQ.

QUANTITY
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EQUIPMENT

NAME

DESIGNATION

PHYSICAL CHARACTERISTICS

OVERALL DIMENSIONS

HEIGHT

WIDTH

DEPTH

YOLUSE WEIGHT

TEST EQUI

PMENT REQUIRED BUT NOT SUPPLIED
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EQUIPMENT

NAME

DESIGNATION

Figure 6 A
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