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IMPACT
OF

COMMUNIC. IONS
ON

ARMO
CREW

PERFORMA CE
Investigating the Impact of Noise and

Other Variables on Mission Effectiveness

It is almost axiomatic in military
circles that good communication is
critical to mission accomplishment.
Poor speech imellig.ibility (51) affects
the interpretation of verbal com
munication and leads to misunder
standings, errors, accidents, or even
failure to accomplish the mission.

Aspecific example ofa problem area
is that of communication in armored
vehicles. Understanding commands or
instructions accurately and quickly can
be critical; yet in practice, it is often
almost impossible to transmit com
mands or instructions because ofnoise,
distraction , or hearing loss. Case
histories are constantly being cited of
instances when a tank commander was
unable to direct the driver to take a cer
tain action, or the gunner misunder
stOod a command and fired at the
wrong target.

It seems reasonable to assume that
the impact of communications vari
ables on mission performance should
be well documented and quantified, but
the opposite is true. Evidence is almost
all anecdotal with no hard data existing
as a basis for evaluating the impact of
communications variables on perform
ance or for developing strategies to

By Georges R. Garinther
and MAJ Leslie J. Peters

handle problems that e."ist. Therefore,
the U.S. Army Human Engineering
Laboratory (HEL) ha initiated a
research program to investigate the
effects of communications on per
formance and to identify methods that
might be used to reduce this problem.

HEL's initial study was conducted in
the Conduct ofFire Thainer (COFT) tank
simulator at Fort Knox, KY, using 30
experienced tank crews. The experi
ment required the crews to conduct
gunnery scenarios under communica
tion conditions ranging from very good
to extremely poor. Performance
measures were recorded for each
scenario at nominal speech intelligibil
ity levels of 100, 7;, ;0, 2;, and 0 per
cent (as measured on the modified
rhyme test, a standard intelligibility
test). An electronic chopping circuit,
in erted in the earphone circuit. was
adjusted to create each of the five
desired levels of 51.

The specific measures u ed to
evaluate performance as a function of
51 fell into the follOWing four catego,ies:

• Mission Time: time required to
identify the target; time required to
complete the mission.

• Mission Completion: percent of
targets correctly identified; percent of
targets hit.

• Mission Errors: percent of corn·
munication errors; percent of times
wrong target was hit.

• Gunner Accuracy: percent of
times target was hit by the first round;
aiming error.

The scenarios consisted of 10 mi 
sions, each requiring the commander
to in truct the gunner to shoOt at one
to three targets (21 targets per scenario).
Four targets (tank, truck, helicopter, or
troops) appeared during each mission,
and as is the standard operating pro
cedure for armor operations, it was the
commander's task to instruct the gun
ner to shoot at the appropriate target
with the appropriate weapon. Aclosed
set of commands such as GUNNER
SABOT-L\NK alerted the GU R that
he was to fmd the enemy TA K and
shoota SABOT round at it. Changes and
corrections were required throughout

January-February 1990 Army Research, Development &Acquisition Bulletin
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the missions to increase the crew's need
to communicate. It was the gunner's
task to shoot-only at the specified target,
not at the other "friendly targets," and
to instruct tht!' driver to move quickly
behind a berm after each mission to
avoid being "killed" by the enemy.

The commander was directed to
repeat instructions misunderstood by
the gunner or use other words, realizing
that excessive delay and exposure might
get him "killed." If he was unable to
properly direct the gunner, he could
proceed to the next mission.

The experiment produced the
following performance changes as a
function of speech intelligibility:

Mission Time
The mean time required to identify

a single target as a function of 51 is
shown in Figure 1. Overall mission time
varied from 40 seconds at good intel
ligibility to approximately 90 seconds
at poor intelligibility.

Mission Completion
The percent of targets correctly

identified varied from 98 percent at

good intelligibility to 68 percent at poor
intelligibility. The percent of enemy
targets killed is shown in Figure 2.

Mission Errors
The percent of commands not cor

rectly communicated to the gunner
varied from 1 percent at good intel
ligibility to 37 percent at poor intelli
gibility. The percent of time the crew
was killed by the enemy varied from
7 percent at good intelligibility to 28
percent at poor intelligibility. The
percent of times the wrong target was
shot is shown in Figure 3.

Gunner Error
Gunner aiming error was measured

and discovered to have varied only
slightly, since once the proper target
was found, 51 had little effect on
accuracy. Because of problems in
target specification, however, the
percent of time the correct target was
hit by the first round decreased from
90 percent to 42 percent as intelligibil
ity decreased from good to poor.

Discussion
This study has shown that even for

this relatively well defined gunnery
task, with a limited vocabulary
designed to enhance communicajiOR
efficiency, mission performance
varies as a function of 51. The greatest
change in performance was caused
by the time required and the difficulty
of correctly identifying the target.
Once the correct target was identified,
the time to fire and hit the targets
remained fairly constant among 51
levels. At poor 51, however, the percent
of targets correctly killed decreased
quite dramatically as shown in Figure
2. Also, the percent of time the wrong
target was killed increased at poor
intelligibility as shown in Figure 3.
Furthermore, the number of times the
'enemy' defeated the friendly tank
increased four-fold as speech intel
ligibility worsened.

This study is a first of its kind, with
follow-on work presently being
conducted to investigate the role of
communications in settings that are
somewhat more complex. Here, the
5IMNET Bradley simulator was used
with crews conducting navigational

2 Army Research, Development & Acquisition Bulletin January-February 1990
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exercises through several pha e lines
and firing at selected targets throughout
the exercise.

Ha ing shown that poor communi
cation does affect performance, the
question which arises is how can
speech intelligibility be increased and
performance improve. The most
direct method of accomplishing this
is to reduce the level of vehicle noise
at the crew's ears. This can be achieved
by either reducing noise through
vehicle de ign or by improving the
anenuation characteristics of the
tanker's helmet.

HEL has completed a program that
has demonstrated that through careful
design of the su pension system, track
vehicle noise can be reduced by 65
percent. Other studies have shown that
track redesign can increase this
reduction to 85 percent.

Improving the pa sive attenuation of
the tanker's helmet presents some
technical and practical barriers since

increasing the low frequency attenua
tion of a hearing protector would
require ignificantly greater earcup
volume. Most track vehicles exceed
the Army's noise Limits at low frequen
cies in the 250-Hz range.

A commonly used method of
increasing attenuation at the ear is to
wear earplugs under the helmet.
Although this protects hearing, in most
instances, particularly when the user
has a hearing loss, the ability to hear
over the communication system may
be impeded.

A phase-cancellation technique
has recently become available for
improving speech intelligibility over
communication sy terns, as well a for
protecting hearing. Such a system is
mounted inside a hearing protector and
ha a tiny sensing microphone inside
the earcup just in from of the ear. This
microphone senses both the desired
speech signal from the earphone and
the undesired noise signal that enters

the earcup and masks the speech
signal. The output of this microphone
is processed ro produce a phase
reversed noise component which is
reintroduced into the ear, cancelling the
undesirable noise.

This active attenuation technique
is able to cancel noise at frequencies
from 30 to 1000 Hz, with its greatest
attenuation being at 250 Hz. Such a
technique complements the passive
attenuation of the tanker's helmet
which has attenuation of 20 to 45 dB
above 1000 Hz, but only five to 15 dB
below 1000 Hz. Figure 4 shows the
passive attenuation of the tanker's hel
met (measured with an artificial head)
and the extra attenuation provided by
the phase cancellation technique.

Investigations conducted to date
have shown that the addition of phase
cancellation to a communication
system is able to improve speech
intelligibility by more than 10 percent.
Preliminary data indicate that in

MEASURED PASSIVE AND ACTIVE ATTENUATION OF A HEARING
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situations when communication is
very poor, 51 will be improved by an
even g.reater amount.

In addition to this improvement, the
phase-cancellation technique will
dramatically increase the exposure time
permitted without auditory hawrd.
Figure 5 shows the computed permis
sible crew exposure time in an M113
armored personnel carrier moving at
25 mph, with no protection, with only
the tanker's helmet, and with the
tanker's helmet and phase cancellation.

Also, subjective comments have
indicated that listening to speech
without the constant low frequency
roar of armored vehicles is much less
fatiguing and stressful. Although these
effects have not been objectively
quantified, such improvements could
permit longer sustained combat opera
tions at greater states of alertness.

These studies, which are the first of
their kind, are intended \0 establish

realistiC acoustic limits for Army
materiel, guide the design ofimproved
communication systems, and assist
operations analysts in better defining
those parameters tbat may affect the
performance of personnel and the
outcome of a battle.

Summary

We have shown that poor com
munication in armor units results in
prolonged mission times and in a
greater number of operational errors.
One method of improving speech
intelligibility is to use phase cancel
lation in tankers' helmets. This reduces
the noise level at the ear, thereby
improving speech intelligibility,
reducing hearing hazard, and im
proving system performance.

GEORGES R. GARINTHER is a
research engineer at the Us. Army
Human Engineering Laboratory's
Acoustical Research Team. He hold's
a bachelO1- of science degree in
electrical engineering from Gannon
University and is a fellow of the
Acoustical Society Of America.

MAJ LESLIE j. PETERS is a
research audiologist at the US. Army
Human Engineering Laboratory'S
Acoustical Research Jeam. He holds
a Ph.D. in audiology from Penn
State University.
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Training in the 21st Century. ..

HE ARMY'S
LONG RANGE

TRAINING PLAN
Future Trends in Developing

Meaningful Systems for a Wide
Range of Scenarios

By COL Jerry N. Armstrong
and LTC Ron E. Deaver
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SGT Williams looks through the
gunner's sight of his tank and sees more
enemy vehicles than he has seen in
any of his previous battles. In the
distance he observes tanks from
another battalion engaging enemy
tanks and personnel carriers. He can
see artillery faIHng and Air Force air
craft firing tank killing missiles, all
attempting to stop the enemy attack.
The defensive positions of the platoon
on his right are coming under enemy
fire a.nd he knows that now is the time
he will find our if his unit's hard work
in training will payoff.

Suddenly, the sergeant's commander
issues a flre command. The tank lurches
forward. It is SGTWilliams' turn to kill
the enemy before they kill him. The
battle rages. SGT Williams destroys
seven enemy tanks; his company many
more. However, the enemy has commit
ted a reserve and continues the attack.

There are more enemy tanks firing at
him than SGT Williams can count. Sud
denly, he feels a shudder, a tremendous
noise engulfs him, his sights all go
black. He knows what has happened.
His tank has been exposed too long. He
realizes they should have backed into a
more protected position. Too late. He
knows he has only seconds more to
spend in this great hattie.

As he steps out of the gunnery/
maneuver simulator, he is thankful that
the battle is only simulated. He is even
more thankful that the Army has devel
oped training devices that allow him to
train in such a realistic and effective
way for the job he hopes he will never
have to actually perform.

But what will Army training be like
in the 21st Century? WiIISGT Williams'
simulator training be an enhancement
to actual maneuver and live fire train
ing, or will it be the primary method of
training? The Army attempts to come
to grips with this question, and many
others, in its recently published Long
Range Training Plan.

Preparation by the Army to accom
plish the many diverse missions
reqUired in the next 30 years pro
vides significant challenges. To assist
in meeting those challenges, the Army
has developed a Long Range Planning
System.

Army Regulation (AR) 11-32, Army
LongRange Planning System (ALIU'S)

prescribes policy, re ponsibilities, and
procedures concerning the Army
Long Range Planning System. It pro
vides for total Army involvement in
the long range planning process and
establishes linkages between long
range goals, mid-term objectives, and
the programming process.

The ALRPS includes the publication
of the Army Long Range Planning
Guidance (ALRPG) and requires Army
Staff agencies, commanders of Army
commands, and Army component
commanders of the warfighting uni
fied and specific commands to publish
long range plans.

The ArmyLongRange Training Plan
(ALRTP) 1989-2018 is one of the func
tional/special area long range plans.
Although it does not attempt to predict
exactly how training will occur in the
21st Century, it doesprovide a vision of
the characteristics of that training. It
provides an overall azimuth for trainers
and training developers to follow as
they prepare for the training challenges
of the coming years. It identifies future
trends in the environment in which
training will be conducted; identifies
future force characteristics; and makes

Determining Army
training requirements
requires an under
standing of several
functional areas; for
example, how the
Army will be manned,
equipped, structured,
and sustained in
the future.

assumptions concerning areas rele
vant to training. More significantly, it
articulates the Army active, reserve,
and civilian component training
strategies for the near term (the budget
and paM years), and then extends the

strategies for the total Army through the
turn of the century to the year 2018, to
the day SGT Williams fights his
simulator battle.

Relationship to Other
Documents

The ALRTP is linked with other
documents which provide conceptual
bases for future training requirements.
The senior Army leadership vision of
the future, found in the ALRPG and
Army future warfighting concepts,
provides the basis for developing the
trends and assumptions used in the
ALRTP. While not all functional/special
area plans were in final form, the train
ing requirements and implications of
those plans were considered in the
developmem of the training plan.

Trends
The training environment envis

ioned in the long range plan is for
mulated after considering many
variables. Anticipating the direction
and impact each will have on training
is difficult. However, focusing on
the major trends en'hance the capabil
ity of training planner to develop
training plans and programs that more
effectively deal with likely training
requirements throughout the period.

Major trends considered in the
preparation of the ALRTP include the
improving military capabilities ofother
nations, the expansion of low inten
sity conflict around the world, the
fielding ofchemical weapons by lesser
developed nations, the impact of
environmental considerations on train
ing, and an understanding that the
cyclical nature of the domestic political
environment will continue to affect
resources provided for defense and,
therefore, for training. Other trends
considered include expected changes
in u.s. demographics affecting both the
military and civilian manpower pool,
and the impact ofemerging technology
on equipment and the way we train.

Assumptions
Determining Army training require

ments requires an understanding of
several functional areas; for example,

January·February 1990 Army Research, Development & Acquisition Bulletin 7



how the Army will be manned,
equipped, structured, and sustained in
the future. However, becau e it is nor
po sible to define fully the training
environment 30 years in the future,
some assumption must be made.

The ALRTP includes assumptions
that Soviet military power will cominue
to pose a threat to the United States and
its interests, that the Army rou t be
prepared to fight acro s the full
spectrum ofconflict, that timespent in
the training base will not significamly
increase (resource utilization will
instead indicate a reduction of in
resident institutional training oppor
nmities), and that more individual MOS
qualification training will be conducted
at the unit/home station, less in the
institution.

Training Requirements
The ALRTP identifies, for the first

time in aSingle Department of the Army
level document, training requirements
for the future. Some requirements
remain the same as in the past, while
others are new requirements to meet
changes in the training environment.
Key requirements include exploiting
the use of technology in all training
activities and systems, focusing training
on battle-focused mis ion essential
tasks, and using a systems approach to
training ba ed on an analysis of
empirical data.

Near Term Strategies
The current active, reserve, and

civilian component training strategies
in the ALRTP reflect the requirements
for training now and in the imm diate
future. Tbey e tabli h a starting
pOint for the longer range strategies
that follow. The goals of the three
strategie are:

• Active Component Training
Strategy. Train the force for prompt,
sustained, and successful land combat,
with other services and nations where
required, across the spectrum of
conflict anywhere in the world.

• Reserve Component Training
Strategy. Produce a reserve com
ponent force trained to mobilize,
deploy, fight, and win upon arrival in
the gaining capstone command, to
include the CONUS base.

• Civilian Component Training
Strategy. Provide a consistently high
quality civilian work force competem
in leader hip, professional and techni
cal knowl dge, and abilities to uppOrt,
enhance, and sustain Army readiness.

Each trategy identifies specific
objectives, and then de cribes the
mechanisms through which the
ohjectives will be achieved. The
training strategies address the training
requirements for individual/soldier,
collective, unit, leader training, and
training support. They reflect those
activities required in institutional
training and tho e necessary in unit
training programs.

Continued use of initial entry train
ing and individual skiIl development
training in institutions is envisioned,
with emphasis on implementation of
the training management principles of
FM 25-100 in the development of unit
training activities. The near term
strategies reflect an emphasis on leader
development, joint and combined
training, and the increased use of
training device, simulators, and
simulations.

long Term Strategies
Training strategies of the future wlll

result from an evolutionary, not revo
lutionary process. The near term
strategies will evolve into the long term
strategies of the next century. While the
inlpact of technology, environmental
constraints and other factors will cause
changes in the way the Army trains in
the future, those changes will follow a
steady path.

The long term goal, like our current
goal, will be to produce a force capable
of mobiliZing, deploying, fighting,
and winning anywhere in the world.

The long term goal,
like our current goal,
will be to produce a
force capable of
mObilizing, deploying,
fighting, and winning
anywhere in the world.

The long term srrategies to accomplish
this goal are once again described in
the ALRTP for oldier and leader
training, collective training, training
upport and training management.

Soldier and Leader Training
Training will continue to focus on

inculcating the skills, knowledge, and
attitudes necessary for soldiers and
civilians to perform successfully in a
wide range of conflict scenarios. The
confidence that springs from profi
ciency in basic skills will prepare an
individual for effective operations in
fluid, lethal, ractical situations in which
boundaries are ill-defined.

Basic skills will continue to be taught
most effectively through dynamic,
demanding "hands on" training, and in
realistic, imulated combat conditions.
However, the el:tended stand-off
capabilities of new weapon systems,
the increasing constraints on maneuver
space and other resources, and
environmental concerns mandate an
increased reHance upon simulations,
simulators, and training devices to
develop proficiency.

Initial entry training (lET) will
continue to be used to train newly
recruited soldiers and newly hired
civilians. However, time spent in the
institution will be reduced to the time
needed to teach common tasks that
apply to all units. Other, more specific
tasks will be taught at the unit using
distributed education developed by the
proponent school.

Advanced education, the Noncom
missioned Officer and Officer
Education Systems (NCOES and OES),
will routinely make use of phased
education. The fir,;t phase of courses
will be "at duty station," foHowed by
a shoner resident phase. Distributed
education using communicationl
computer based/distributed tech
niques will link students around the
world with a single instructor in an
institution.

Distributed education and its related
technology will require and provide
worldwide access to the proponent
schools. Reduced c.ourse length will
reduce TDY for most studems, and will
allow proponent schools to provide
Army wide, instantly available
information, enhancing standardiza
tion throughout the Army.

8 Army Research, Development & Acquisition Bulletin January-February 1990



Collective Training
Collective training will be oriented

on those skills and tasks that contribute
to the successful accomplishment of a
unit's wartime mission. Critical to this
process is the ability to integrate soldier,
leader, crew, and collective training
requirements derived from wartime
mission analysis.

The full range ofdevices, simulators,
and simulations, (DSS) must be utilized
to ensure max.imum cost-effectiveness
in maintaining readiness. The Army will
move from the current training strategy
that includes live-fire and maneuver
enhanced by DSS to a strategy where
live-fire and maneuver are combined
with DSS. Some live fire and maneuver
currently being done in units will be
replaced by use of DSS in the future.

Combat training centers (CTC) will
become more important in the execu
tion of collective training. Large scale
maneuver training will be accom
plished at combat t'dining centers or
regional tmining centers while indi
vidual, crew, squad, and small unit
maneuver will be accomplished at
home station.

Distributed education (training)
equipment and facilities and other
related technological developments
will link units training at home station
directly to units tmining at the CTCs or
other tmining centers. They may all
participate in the same exercise, for
example, but from different locations,
and at different levels of involvement.

Home station training will continue
to be important, but may become more
difficult to accomplish at larger unit
level. While resources may decrease,
multiple constraints on training, and
requirements for larger ranges and
maneuver areas will increase. Obtaining
sufficient land to support unit maneu
ver training and new weapons firing
requirements will be difficult. However,
use of distributed tmining, and linked
simulations, simulators and training
devices in conjunction with actual
firing and maneuver, will enhance
home tation training. Collective
training, including joint and combined
training, will often be effectively
conducted using DSS without the unit
leaVing its installation.

'fraining Support and 'fraining
Management

The requirement to proVide the train
ing support necessary to develop indi
vidual and collective expenise in
warfighting and sustaining base skills
remains unchanged. However, the
nature of the training programs, strate
gies, and systems that must be devel
oped to facilitate the acquisition of
those skills will be dramatically
different.

The full [,.lnge of technology (human
and hardware) must be incorporated
into ways to meld soldier and leader
during collective training. Examples of
emerging technologies that could be
utilized to enhance training activities
include speech recognition, interactive
audio and video virtual environment,
voice technology, and neural systems.

The focus must shift from training
soldiers on equipment to training
soldiers in systems. Army training
developers must become even more
intimately involved than ever before in
the materiel development and
acquisition process.

A device, simulator, simulation
hierarchy must be developed to inte
grate interactive networks ofsimulators
and simulations that support individual
and unit training. Training devices for
operational and maintenance training
systems must be embedded in new as
well as current systems, and must
include the capability for linkage with
other simulators and simulations. DSS
systems must provide realistic training,
developed as part of a training strategy
that supports the user's mission.

"New" learning centers must be
developed that support the require
ments of distributed education (train
ing) and are accessible to the total Army.
These centers may potentially support
lET, AC/RC units, joint/combined
training, and allow simulated maneuver
and weapons firing through use of a
variety of devices, simulators, and
simulations. Current technology such
as computer based instruction (CBI)
and satellite education networks must
evolve into systems that are integrated
with other DSS. Current development
of training systems must be an integral
part ofthe development process for all
new equipment, not an item to be
added at a later date. In some cases,

simulators may be developed prior to
equipment to allow for effective sys
tems development before production.

Conclusion

The ALRTP, as a long range vision of
Army training, and through its articu
lation of goals, objectives, and
strategies, provides long range direc
tion, contributes to priOritization, and
sets the foundation for all Army training
programs. To be effective, it must be
institutionalized in a long range training
system used throughout the Army.

TheALRTP will be suffed and revised
biennially. Long range training plans
wiU be an agenda item at all annual
Department of the Army sponsored
MACOM training conferences and will
be the sole focus of a separate annual
long 'dnge planning conference.

As Army trainers develop support
ing plans, execute a common training
strategy in the near term, and pursue
a common strategy in the future, they
will ensure that SGT Williams is part
of the best trained Army in the 21st
Century.

COL JERRY N. ARMSTRONG is
chief, Training Operations Division,
Directorate OfTraining, Office ofthe
Deputy Chiefof tafffor Operations
andPlans, HQDA. He is a graduate
Of the Us. Army Command and
General Staff College, the Air War
college, and holds a B.A. degree in
psychology and an M.A. in
management.

LTC RON E. DEAVER is a staff
Officer, Directorate of Training,
Office oftheDeputy ChiefofStafffor
Operations and Plans, HQDA. He is
a graduate Ofu.s. Army Command
and General StaffCollege and bolds
a bachelor's in business and an
M.B.A.
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EXPERT SYSTEM
SIMPLIFIES

INTEGRATED
LOGISTIC SUPPORT

By Jay Graver

Integrated Logistic Support (ILS) is
the management process required to
plan and implement all of the logistical
requirements performed and delivered
throughout the acquisition and fielding
ofa new weapon system. Army Regula
tion 700-127, March I, 1988, Integrated
Logistic Support, defines the following
12 ILS elements: Design Influence;
Maintenance Planning; Supply Sup
port; Training and Training Devices;
Support and Test Measurement Diag
nostic Equipment; Facilities; Trans
portation and Transportability;
Standardization and Interoperability;
Packaging, Handling and Storage; Man
power and Per onnel; Computer
Resources Support; and Technical Data.

The .S. Army Materiel Command's
(AMC) Materiel Readiness Support
Activity (MRSA) performs a prominent
role in all aspects of lLS; a role in
which MRSA has the opportunity to
view and participate in the entire ILS
life cycle. MRSA plays a program
management role, serving as the prepar
ing activity for Department ofDefense
(DOD), Department of the Army,
and the AMC ILS policy documents.
MRSA is involved in the ILS analytical
process by serving as the DOD Logistic
Support Analysis (LSA)/Logistic Sup
port Analysis Record (LSAR) SuppOrt
Activity performing data modeling and
managing the Joint Service Automatic
Data Processing Program.

The organization has also been
involved in the execution of ILS, per
forming Level ofRepair Analysis, Com
parative Analysis, and serving as the
interim ILS manager for the Heavy
Force Modernization Program. MR A

offers assistance to Program Manage
ment Offices (PMOs) by participating in
ILS management team meetings, LSA
review teams, and source selection
evaluation boards and by providing
help in preparing and reviewing ILS
program documentation and associated
logistics products.

Recent experience has uncovered
several recurring problems in ILS. These
problems fall into three main cate
gories: ILS planning, ItS scheduling,
and ILS requirements specifications. In
the planning area many programs have
been discovered with outdated IL
Plans (lLSPs) and some that did not have
any plans whatsoever. Programs that
did have current plans frequently did
not address key lLS considerations
and did not perform the integration
function they were intended to achieve.
In some organizations, it has become a
practice to simply copy an old plan and
hope it would suffice.

In the ILS scheduling area, MRSA
review has discovered schedules which
were incomplete, illogically sequenced,
and ones that were not in conformance
with regulatory policy. Often the
schedule was maintained in a reactive
rather than a proactive manner (only
maintained as a historical record, not a
roadmap to the future).

ILS requirements specifications or
Statements of Work (SOWs) were fre
quently fragmented or totally absent
from the request for proposal (RfP).
When present, the functional ILS
elements often asked for redundant
information in varying formats, thus
causing the government to pay twice

for the same analytical effort and
resultant data.

The cumulative effect of these prob
lems has led to conditionally released
weapon systems, or weapon systems
which are sent to the field deficient in
one or more of the elements of suppOrt,
which undermine the system's inherent
readiness potential and place an undue
logistics burden on the equipment user,

MRSA research into the cause of these
problems led to a closer look at the en
vironment of the ILS manager. The
cause and effect diagram (Figure 1)
shows four primary problem areas
the ILS manager must overcome. Fiest
there is an enormous volume of
knowledge required for an ILS man
ager to be effective. The lLS manager
must be proficient in all of the func
tional disciplines of ItS as well as the
related budgeting and program manage
ment processes.

A new ILS manager is frequently
knowledgeable in one or two disci
plines ofsupport but seldom has suffi
cient knowledge in all of them (Figure
2). MRSAresearc.hed what it would take
to obtain the required knowledge and
found over 700 policy and gUidance
documents related to ILS as identified
in an AMC ILS bibliography.

There are over nine months of vari
ou training courses that are considered
prerequisite for ItS competency and
over 250 published lessons learned.
This is coupled with an average ILS
manager turnover rate of 2-3 years. By
the time an ILS manager becomes
knowledgeable, they often leave, taking
the knowledge and experience gained
with them.

,
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or only does the ILS manager rum
over, but so does the program manager,
his staff, and the contractor personnel.
The ILS manager must deal with the
knowledge demands and turnover rate
and, furthetmore, is frequently con
strained with an inadequate budget and
turbulent schedule. The sum tota! of tbe
knowledge required, high turnover,
constrained budget and turbulent
schedule frequently results in inef
fective management of the ILS process.

That cause and effect of ILS imple
mentation shortfalls led to a realization
that a tool must be developed that can
assist the ILS community in overcom
ing these deficiencies. MR A has com
piled information on ILS policy and
procedure, lessons learned, training
material, and "expert" ILS experience
into an automated system called the
Logistics Planning and Requirements
Simplification System (LOG PARS)
(Figure 3).

LOGPARS takes advantage of a
form ofanificial intelligence called ex
pert or knowledge based systems.

LOGPARS was developed to run on an
IBM AT (or compatible) personal
computer - the DOD standard Zenith
248 works well. The expert system
guides the user through a logical
question and answer session present
ing him with appropriate guidance
and help screens throughout. The
results of the interactive session
produce specific ILS documentation
required in the program.

These products include the lLS
Strategy, the fLSP including the
LSA/LSAR Plan, ILS SOW for inclu
sion in the RFP, the 11S milestone
schedule, and an associated warranty
clause. LOGPARS maintains an audit
trail of eacb session and associated
products for refe.rence when the ILS
program encounters turnover and
turbulence.

LOGPARS is a modular expert
system with each module producing a
specific product. The current LOGPARS
modules include an ILSP advisor, a
schedule advisor, an ILS SOW advisor,

an ILS strategy advisor, and a warranty
advisor.

The user begins by executing the
strategy advisor. The strategy advisor
will ask key upfront program manage
ment related questions such as the
type of acquisition program (develop
mental, non-developmental item, etc.),
the life cycle phase, contractor suppon
considerations, and more.

After completion of this interactive
session, the strategy advisor will make
a series of recommendations for each
ILS element. The user can then accept
or override each of the recommenda
tions depending on their level of
expertise and judgement. LOG PARS
will feed the results of the strategy
advisor to each of the other modules.
If the user comes pack and changes the
strategy, LOGPARS will identify the
impact of each change.

The schedule advisor assists the
manager in developing and tracking
the acquisition schedule. Based on
the results of the strategy advisor and
other tailoring considerations the

Figure 1.

LOGPARS an ILS expert system
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LOGPARS an ILS expert system

Figure 2.

schedule advisor projects a tailored
initial baseline chedule leading from
program initiation through initial
operational capability. The user wiu
be able to easily maintain, change, or
even overhaul the schedule as the
program proceeds.

As changes are made, the schedule
advisor forewarns the user ofassociated
impacts and offers to automatically
adjust impacted milestones. The results
of the schedule advisor can be auto·
matically be submitted to the Army's
acquisition management milestone
system using the commodity command
standard system.

The IlSP advisor leads the ILS mana
ger through the preparation of a
comprehensive IlSP. A formal IlS
program is required for all new weapon
systems acquisition programs per
DODD5000.39, Nov. 17, 1983,Acqui
sition andManagement ofIntegrated
Logistics Support for System and
Equipment.

The ILSP is the guiding document
from which the IlS program is exe
cuted. The ILSP advisor ensures all
logistical element considerations are
appropriately planned for later
execution. Policy, procedure, and

lessons learned are interjected by the
expert system at the appropriate place.
The resultant plan is in full
conformance with DA Pampblet
700·55, March 1, 1988, Instrnctionsfor
Preparing tbe Integrated Logistic
Support Plan.

The ILS SOW advisor leads the ILS
manager through the considerations
and questions required to formulate a
tailored IlS SOW for inclusion in the
RFP. The SOW advisor identifie the
pertinent data item descriptions, lSA
tasks and LSA reports, then incor
porates the associated requirements
into a clear, concise and integrated
SOw. All program requirements and
deliverabies are tailored based on the
results of the strategy advisor and
subsequent interactive tailoring. The
results developed throughout tbe use of
lOGPARS can be downloaded to any
word processor for further tailoring of
command and system peculiarities.

The warranty advisor performs three
tasks. First, the legal requirement for a
warranty is determined based on the
particular weapon system scenario. If
it is not required by law then the expert
system determines the requirement
based on Army policy documents.

Once it is determined that a warranty
is required, either by law or regulation,
then the best type of warranty is
concluded. The warranty advisor then
lead the user through the preparation
oIthe actual ba eline warranty clause.
The resultant warranty can then be
included in the RFP or .negotiated with
the contractor.

lOG PARS was initiaI1y fielded to
select major subordinate commands
and PMOs. The initial prototype
consisted of the IlSP advisor, the
schedule advisor, the SOW advisor and
the warranty advisor. The knowledge
base was tailored for developmental
items entering the full scale develop
ment phase. Considerable positive
feedback has been received. The initial
prototype has been applied to over
30 weapon systems in the acquisition
process and has produced ILSPs,
schedules, SOWs, and warranties which
are now in use or under contract.

Many of the initial applications
identified a time savings of weeks and
even months in the preparation of
baseline documentation. The U.S. Army
Armament, Munitions and Chemical
Command (AMCCOM) stated "a State
ment of Work was prepared in 4-5
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LOGPARS an ILS expert system

MILESTONE
SCHEDULE

Figure 3.

Hours by a GS-12 using lOG PARS;
without lOGPARS it would have taken
two GS-12's 2-3 weeks." The U.S. Army
Belvoir ROE Center (BROEC) stated
they "could bring a new Il manager
to full performance within six months
using LOGPAR , previously it took
about two years."

lOGPAR u e of expert system tech
nology ha enabled it to be an aggressive
program. Rapid advancements in
LOGPARS have been achieved to date
and it future is bright.ln fiscal year 90,
LOG PARS has received funding
through the Office of the Secretary of
Oefen e Productivity Investment
Funding program. These funds will
enable MRSA to expand the existing
knowledge base and add additional
modules. Over the next twO years,
MRSA will be adding a provisioning
advisor, ILS cost advisor, trans
portability advisor, expanded 01
knowledge ba e, logistic support
analy is task ubmodules, an L A data
element selection module, and an
electronic bulletin board.

Many other modules and applica
tions for lOGPARS have been pro-

posed. The expert system shell is a
government-developed, government
owned shell written in the PROLOG
programming language and a pro
cedurallanguage, commonly termed C
language. The shell is adaptable and can
be applied to multiple domains where
complex decisions are made and
documentation must be produced.
GEN louis C. Wagner, former com
mander AMC, presented lOGPARS to
the Joint Logistic Commander's
Conference in July 1989.

The Office of the Deputy Assistant
Secretary of Defense (Systems), Air
Force, and Navy are currently evalu
ating LOGPARS as an interservice
program, thus standardizing ILS plan
ning and documentation throughout
DOD. MRSA has also distributed
LOGPARS to the Federal Aviation
Administration, the Coast Guard, and
the National Aeronautics and Space
Administration.

In summary, the LOGPARS expert
system approach to logistic planning
is a proven alternative to the complex,
knowledge-intensive, time-consuming,
and error-prone method of the past.

The lOGPARS program opens the door
to improved, structured, and stream
lined IlS planning. Knowledgeable,
trained, and experienced ILS managers
are a scarce commodity and we must
make a commitment to programs like
LOGPARS to fill the void.

Future phases will build on the
existing modules to create a compre
hensive ILS expert system which will
provide guidance and expertise in the
accomplishment ofeach IlS assessment
area. The result will significantly
decrease current deficiencies in ILS
planning and actions critical to the
development of effective economical,
logistically supportable weapon
systems.

JAY GRAVER isprogram manager
ofthe Logistics Artificial Intelligence
Program Office at MRSA, Lexington,
KY. He holds a B.S. degree in
engineering and is a master's
candidate in computer science,
specializing in artificial intelligence.
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DRUG
DELIVERY
SYSTEMS

FOR
CHEMICAL

DEFENSE

f

The currently fielded nerve agent
antidote kit (NAAK) represents a signifi
cant step in an ongoing development of
drug delivery devices.

The kit markedly increases the sur
vival capability of soldiers on the
chemical battlefield over earlier
device. Undoubtedly, the NAAK can
be further refmed to be more compact
and easier to use while still administer
ing appropriate combinations ofdrugs
without undesirable drug interaction .
This research effort has been spon
sored by the U.S. Army Medical Mater
iel Development Activity (U AMMDA)
in close association with the U.S.
Army Medical Research Institute of
Chemical Defense (USAMRICD) and
other Army activities.

The advent ofpotent nerve agents led
to the fielding of an atropine antidote
by the U.S. Army after World War II.
Since survival of the soldier exposed to
nerve agent depends on the immediate
administration of antidote, this was
fielded as individual equipment, to be
self-administered by the soldier or
given by a fellow soldier.

To achieve the simplest and most
rapid delivery of drug in the field
environment, this antidote is given by
intramuscular injection.

By LTC Willis H. Jacob
and CPT Karl E. Friedl

b

Figure 1.
Nerve agent anti

dote kits which
have been fielded
by the U.S. Army

include: a) the
syrette. containing

i1tropine tartrate.
b) the AtroPen.

containing
citrated atropine.

c) the ComboPen,
containing TAB,

and d) the
currently fielded

MARK I. with
AtroPen and

ComboPen Injec
tors for delivery of

atropine and
PAMCL. Experi
mental devices
include: e) the

MARK /I device,
with AtroPen and
ComboPen Injec

tors in a single
housing, and f) a
multichambered

device containing
atropine and

PAMCL in separ
ate compartments.
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The first device for intramuscular
administration appeared in the form of
a syrette, a miniature version of the
toothpaste rube with a long needle
attached (Figure la). This required a
delicate fingertip maneuver to remove
a metal plunger from the needle and
then required the oldier to plunge the
needle imo a muscle and squeeze
atropine tartrate through the needle. In
the case ofactual nerve agent exposure,
it may be less difficult to overcome
psychological barriers to plunging a
needle into oneself than the problem of
a diminishing manual dexterity as nerve
ageD[ symptoms develop. Either or both
factors could be ignificant and prevent
a soldier from receiving the lifesaving
antidote. Thus, the appearance of the
first autOmatic injector (autOinjector)
was a major improvement in atropine
delivery.

The first autoinjectors appea.red in
the 1950s as either no e-activated or
butt-activated devices, requiring a
single action to obtain a spring delivery
of the needle and antidote. Such a
device, with the needle resident in the
atropine solution (the AtroPen), was
first purchased by the Army in 1959
(Figure Ib) and eventually replaced the
syretle. TheAtroPen delivers the needle
and the antidote into the tissues swiftly
with a single convenient action and
without the soldier seeing the needle.
In addition, it is painless to most
soldiers, and in early tests of the units,
soldiers were overwhelmingly in favor
ofthe autoinjector. Atropinization (the
biological end-effects generally
represenred by a rise in heart rate, dry
mouth, and pupil dilation) was more
rapidly achieved by usc of a citrated
form of atropine, in tead of atropine
sulfate, the more familiar clinical
preparation of the drug.

The AtroPen is a device which come
as close to intravenous injection as we
have yet seen with intramuscular
injection. The injector design produces
a forcible ejection of atropine through
the needle from the moment it emerges
at the tip of the autoinjector, and the
drug is sprayed through the tissue along
the full length of the needle path. While
this means that orne atropine will be
deposited into ubcutaneous as well as
intramuscular sites, this mechanism of
delivery aimost certainly enhances the
rate of absorption by achieving the
wide t pos ible dispersion of drug. In
most test ubjects, the highest blood

The injector design
produces a forcible
ejection of atropine
through the needle
from the moment it
emerges at the tip of
the autoinjector, and
the drug is sprayed
through the tissue
along the ful/length
of the needle path.

levels of atropine are achieved within
the first few minutes following injec
tion by the AtroPen. This compares
favorably with intravenous administra
tion and, on the chemical battlefield,
injection directly through the chemi
cal protective suit is the optimal
approach to administering drug rapid
ly without further exposing the soldier
to chemical agent.

In 1974, a larger version of autoin
jectOr was fielded by DOD. The lAB
ComboPen (Figure Ic) was filled with
a mixture of TMB-4 (an oxime), atro
pine, and benactyzine, based on a
formulation which emerged during the
1973 Arab-Israeli conflict. When the
ComboPen injector is fired, the needle
first fully extends into the muscle and
then the drug is forcefully delivered
into a deep muscle site; therefore, it
does not achieve the same tissue disper
sion produced by the AtroPen. This
alternate design was necessitated by
larger antidote volumes since the
mechanism of the AtroPen does not
permit delivery of greater than one
milliliter volumes.

In November 1980, an Army chiefof
staff memorandum directed an expe
dited replacement ofTAB with a prefer
red antidote composed of atropine
and the only FDA approved oxime,
2-pralidoxime chloride (PAMCL).
Because of the larger volume and its
reactivity with metal, the PAMCL was
packaged in the same injector used for
the TAB mixture, the ComboPen. The
atropine and PAMCL were to be injected

sequentially by separate AtroPen and
ComboPen injectors. For convenience,
the two injectors were kept together by
fixing the safety caps to a single holder.
This AAK assemblage is referred to as
the MARK I device (Figure Id).

The rationale for maintaining twO
eparace injectors was based on studies

by Dr. Frederick Sidell at USAMRICD
which demonstrated that when
atropine and PAMCL were combined in
a single syringe, the high concentration
of PAMCL slowed the atropine absorp
tion, as gauged by a doubling of the
time to maximum heart rate effect. The
dual injector arrangement has the coin
cidental advantage that varying com
binations ofatropine and PAMCL can be
admini tered, allowing some degree of
variation in medical doctrine.

Shortly after the MARK I was fielded
in 1983, a project was begun to produce
an injector which would be easier for
the soldier to use. This led to the devel
opment ofa device with fewer external
components and which required only
a single action by the soldier to deliver
antidote, the MARK II Dual Barreled
Autoinjector (Figure Ie). It was antici
pated that this device could be fielded
in time to replace the more than 2.1
million MARK I units due to expire over
several years. It also maintained a
separation of the two drugs (atropine
and PAMCL) with two needles emerg
ing imultaneously but approximately
I-inch apart.

Clinical testS of the prototype device
in 1985 revealed that this separation led
to identical absorption rates and heart
rate effects when compared to the
AtroPen alone and to the MARK I.
Operational tests conducted by the .S.
Army Armor and Engineer Board at Fort
Knox, KY, indicated that the MARK II
device was much preferred by soldjers
over the MARK I, and it was easier
to use correctly, especially in poor
light conditions.

Test players indicated that they
would be more reluctant to give them
selves two separate injections as
with the MARK I. However, field devel
opmental tests conducted using 9th
Infantry Division soldiers in a field
exercise at Yakima Firing Center, WA,
revealed a potential for the atropine
barrel to escape its safety mechanism
when the device was exposed to intense
pounding (during driving over rough
terrain). Some soldiers even refused to
carry the devices for the test after
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The
advantage

of one
needle

and one
action

as well
as a

smaller,
lighter
device

may
outweigh

relative
differen'ces
in atropine
absorption
capability.

seeing the needles emerge inappropri
ately. I.t was suggested iliat relatively
minor modifications of the injector
could eliminate this problem. Ulti
mately, the additional complexity and
higher co t of the device compared to
the MARK I led to a recommendation
that the MARK II not be fielded but be
retained as a "backup system" for future
fielding consideration or oilier drug
antidote combinations. This conclu
sion was also based on newly emerging
technologies, including a multicham
bered injector.

The MARK II development was fol
lowed by an alternate approach to the
problem. Aliliough the mixing problem
with atropine and PAMCL had been
clearly demonstrated, the studies bad
been performed with manual injections
using ordinary syringes. The possibility
remained that with the greater force of
injection of an autoinjector, the solu
tions might be sufficiently distributed
through the tissue that the osmolarity
of the solution would no longer present
a problem to atropine absorption. Per
haps more importantly, differences in
tis ue distribution of drugs delivered
by the AtroPen compared to the
ComboPen suggested a means to alter
atropine absorption rates with auto
injector design.

A modification of the ComboPen
with an additional plunger and addi
tional drug compartments produced a
multichambered device which would
inject its separated contents through
one needle sequentially (Figure If).
Clinical trials conducted at Madigan
Army Medical Center using soldier
subjects revealed that the multicham
bered device gave a slower atropine
absorption rate compared to the MARK
l. However, the results also highlighted
the surprising rapidity of atropine
absorption which followed injection by
either device. Since an initial blood
level ofatropine which would afford a
nerve agent exposed soldier some
minimal therapeutic benefit has not
been establi hed, the implications of
this statistical difference in absorp
tion between the two injecto.rs remain
unknown.

The advantage of one needle and
one action as well as a smaller, lighter
device may outweigh relative differ
ences in atropine absorption time,

particularly if tIle dev! es result in the
same survival capabilit)'. Other pointS
in favor of the new device may be an
improved likelihood that oldiers ill
carry the more portable, single needle,
single action injector because one
needle is psychologically more palat
able and its reduced size may permit
storage in more accessible locations.

Other nerve agent antidote kit
desigllS have been proposed but these
present other problems. NATO allies
have explored the use of other orimes
but these drugs may nor possess the
stability of PAMCL and they lack FDA
approval. Recently, the inclusiOn of an
anticonvulsant to the atropine-PAMCL
antidote has been suggested. This could
be devised as another compartment of
a single injector or as a separate autoin
jector. Ideally, injector development
will culminate with a small injector
which can be used with the simplest
pos ible action.

Autoinjector development has
resulted in a significant improvement
in oldier protection against nerve
agent poisoning. Spinoff research has
already led to several civilian medical
applications and further development
of drug delivery products may play an
important role in sustaining war
fighting capabilitie on a chemical
battlefield.

LTC WILLISH. JACOB wasproject
office/-for tbe MARK Il Dual Barrel
Autoinjector and the multicbam
bered autoinjector at the U . Army'
Medical Materiel Development
Activity, Fort Detrick, MD. He is now
the chief of the Anatomy and
Physiology Branch, Medicine and
Surgery Division at the Academy Of
Health Sciences, Fort Sam Houston,
TX. He has a doctorate inphysiology
fl·om the University Of Kansas.

CPTKARL E. FRIEDLperformed
autoinjector studies in the Depart
ment of Clinical I1westigati0l1,
Madigan Army Medica,l Center;
Tacoma, WA. He is now assigned to
the Exercise Physiology Division,
U.S. Army Research Institute Of
Environmental Medicine, Natick,
MA. He has a doctorate inphysiology
from the University ofCalijomia at
Santa Barba/-a.
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THE NONCOMMISSIONED OFFICER
AND HEAVY FORCE MODERNIZATION

By MAJ David Ifflander

Traditionally, noncommissioned
officers (NCOs) have been assigned
within project management officeS',
with the majority ofthese assignments
to programs in the deployment phase
after a new system design was well
established. These NCOs found them
selves working primarily in the logistics
area in the fielding and training aspects
of a given system.

While NCOs provided invaluable
expertise stemming from their experi
ence with soldiers, their impact was felt
primarily after the system was in the
field. However, it became apparent that
NCOs could have a more significant
impact on new systems if they became
involved earlier in the materiel acquisi
tion process.

During 1989, which was officially
the year of the NCO, a timely decision
was made answering the Army's need
to have senior NCOs involved at critical
points throughout the materiel acquisi
tion process. ChiefofStaffofthe Army
(CSA) GEN Carl E. Vuono made this
much-needed decision to integrate
senior NCOs into the Program Execu
tive Office (PEO) for Heavy Force
Modernization (HFM) six major
programs.

The PEO for HFM was selected to
implement the CSA's decision for more
NCO involvement. This is an optimal
situation because of the different sys
tems development efforts which are
just getting underway. These six pro
grams are assigned to three activities:

• Tank Automotive Command
(TACOM): Block III Tank, Combat
Mobility Vehicle, and Future Infantry
Fighting Vehicle;

• ArmamentResearch, Develop
ment and Engineering Center
(ARDEC) of AMCCOM: Advanced
Field Artillery System and Future Ar
mored Resupply Vehicle-AmmUnition;
and

• Missile Command (MICOM):
Line of Sight - Anti-tank.

The heart of the HFM philosophy is
affordable, increased warfighting
capabilities. The six vehicles will be
developed using two common chassis:
heavy and medium protection levels.

The advantages of these systems are
numerous. Foremost, they are not only
among the most advanced weapon
systems in the Army, but also the most
cost effective in terms ofcommonality
of components, production, logistics
support and MANPRINT.

The purpose of the common chassis
is to maintain commonality of repair
parts, tools/test equipment, and
technology, to name a few. This trans
lates into lower costS in maintaining and
operating vehicles in the field. With
technology growing by leaps and
bounds, there was no one to translate
the "boots on the ground" require
ments early in the life cycle of systems
development. This is where the NCO is
needed. Who better to provide the
input required than those responsible
for the operation, maintenance and
support of these systems? The answer
is the senior noncommissioned officers
who Live in the vehicles.

Therefore, when the CSA made the
decision to involve more senior NCOs
within the PEO for HFM, several major
commands were immediately tasked to
make it happen. The commander of the
Training and Doctrine Command
(TRADOC) asked each school (as
appropriate) to nominate an outstand
ing NCO to be part ofthe new emerging
system. These names were forwarded
to Sergeant Major of the Army William
Gates for approval. In addition, action
was taken to ensure the respective
branches recognized the new require
ment for NCO assignment within the
materiel acquisition program.

The PEO for HFM, in concen with
each of the project managers (PM),
developed the initial justifications and
job descriptions for each NCO, based
upon the CSA's guidance. Essential
elements of that guidance are:

• Each NCO ~il1 have successfully
completed the Advanced Noncom
missioned Officers Course and, if pos
sible, completed the First Sergeants
Course with a recent assignment in
their MOS at the battalion level.

• The job description within the PM
office would be individually tailored
based on where that system is in the
developmental effort upon the NCOs
arrival.

• The NCOs would be involved in all
aspects of initial development focusing
particularly on MANPRINT, design

influence, test planning, fielding, tech
nical publications, and special toolltest
equipment.

• Ability to coordinate with the
TRADOC community and the field is a
must and the NCO must be knowledge
able of the various TRADOC docu
ments which are involved in new
systems development.

• Ability to act as the PM's advi or
in areas related to training, mainte
nance, resource management, and mis
sion employment of the new system.

The above criteria cover a broad spec
trum of what is required of the NCOs
assigned to PEO/PMs. While each of
these elements is important, the most
critical attribute is that selected NCOs
are among the most outstanding in their
field.

Depending upon the acquisition
strategy, new systems development is a
long range effort which can take several
years from program initiation through
full-scale development. Therefore, the
results ofour NCOs' efforts may not be
highly visible until the new system
reaches the field. These noncommis
sioned officers have direct access to the
PEO (a 3-star general) and his deputy for
future systems (a 2-star general).

Having been nominated by the
TRADOC center commanders, the
NCOs represent the user, the hands on
interface, and speak to the design
engineers in soldier common sense
language. They are heard and this fre
quently requires project managers to
rethink the problem from an NCO user
perspective. In the words of one of the
NCOs selected, "This assignment is the
opportunity of a Lifetime; it offers us the
challenge to use our experience to
impact how tbe Army will fight in the
future. We have moved into officer
country, and they are listening to
what we say and acting upon our
recommendations.' '

MAl DAVID IFFLANDER, a field
artillery officer, is the assistant
project officer-logistics in The Block
III Tank Program at the Us. Army
Tank-Automotive Command,
Warren, MI. He is a 1977 graduate
ofthe University ofArizona(7Ucson)
and holds a B.S. degree in public
administration.
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NBC Contamination Survivability...

A
FLOW DIAGRAM

APPROACH
By Frank J. Belcastro

and
Dr. Joseph J. Feeney

Introduction
The Department of the Army

published Army Regulation (AR) 70-71,
entitled Nuclear, Biological and
Chemical (NBC) Contamination Sur
vivability ofArmy Materiel, in 1984.
NBC contamination surVivability is
defined by AR 70-71 as the capability
ofa system and its crew to withstand an
NBC-contaminated environment, in
cluding decontamination, without
losing the ability to accomplish its mis
sion. Characteristics of NBC contami
nation surVivability are decontamina
bility, hardness (against agents and
decontaminants), and compatibility of
the NBC-protected man with his equip
memo These characteristics are based
on engineering design criteria which
are intended for use only in a develop
mental setting.
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Figure 2.
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AR 70-71 establishes Army-wide
policies and procedures to insure that
survivability measures are considered
early in the acquisition cycle ofmission
essential equipment and that these
measures are maintained throughout
the development and procurement of
the system. Three specific problems,
encountered when conducting opera
tions in an NBC-contaminated environ
ment, are addressed by AR 70-71:

- Performance degradation caused
by interfacing of personnel dressed in
the NBC protective ensemble and the
equipment they must operate;

- Hazards to personnel from residual
NBC contamination; and

-,Performance degradation ofequip
ment cau ed by exposure to NBC con
taminants and decontaminants.

To further define AR 70-71, the Army
has published approved quantitative
NBC contamination survivability
criteria for mission-essential materiel
to address each of these problems.

This article provides a basic under
standing of the NBC contamination

survivability criteria. These criteria are
presented in a flow diagram format
stressing the importance of each indi
vidual criterion, as well as their
interrelationships.

Flow Diagrams
Figures I, 2 and 3 show schematiC

representations of the three character
istics of NBC contamination survivabil
ity - compatibility, decontaminability,
and hardness - and their potential im
pact on a system. Additionally, because
of its possible use in addressing com
patibility. the integration of collective
protection into a system has been incor
porated into the flow diagram. Each
characteristic is highlighted by a
dashed line to stress the applicable por
tion of the diagram.

Beginning with the system being con
taminated, the flow diagram follows
several routes with intermediate deci
sion points along the way. Depending
upon the "yes" or "no" responses
given, the end pOint will either be that

the system will continue to function
and be operable on the NBC
contaminated battlefield, or the system,
and possibly the mission, will be
seriously degl"dded or fail completely.

Compatibility
Compatibility is the capability of the

equipment to be operated, maintained,
and resupplied by personnel wearing
the full NBC protective ensemble.

With the increasing number of
countries reportedly possessing an NBC
weapons capability, the potential for
use of these weapons has also expand
ed. These weapons can be used in war
time for two purposes:

- To cause immediate mission
degradation by killing or incapacitating
military personnel; and

- To cause mission degradation, with
immediate and long-term conse
quences, by forcing military personnel
to perform their mission functions
while wearing the full NBC protective
ensemble.
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The solution to this NBC-protected
man-equipment interface is to incor
porate into the human engineering
development of equipment those
designs that will enable the soldier
dressed in MOPP 4 to successfully
perform his assigned mission-essential
tasks. In an NBC-contaminated environ
ment, activities requiring manual
dexterity or visual acuity, such as
operation ofequipment control knobs,
equipment maintenance, etc., must be
capable of being accomplished by a
soldier wearing mask and gloves.
Equipment designs to elin1inate sharp
corners and edges that may damage the
individual soldier's protective over
garment andilor gloves must also
be incorporated into equipment
development.

If equipment is developed to be
compatible with the NBC-protected
soldier, then the soldier should be
capable of operating and maintaining
his equipment, thus enabling the
soldier to perform his mission-essential

PERSONNEL
GO TO

MOPP 4
NO

CONTAMINATION

Figure 1 represents the compatibility
portion ofthe flow diagram. Assuming
that the soldiers are not in a collectively
protected enclosure when the battle
field becomes contaminated - the
collective protection issue will be
addressed separately - they will either
don their NBC protective ensemble, or
upgrade their protection level to
Mission Oriented Protective Posture 4
(MOPP 4), tile maximum level to which
soldiers can be protected.

If a soldier in MOPP 4 cannot
effectively interface with his equipment
in order to perform his mission
essential tasks, then an immediate
degradation of operational capability
results. The soldier in MOPP 4 will
either be unable to perform his mission
essential tasks or he will become
physically exhausted more quickly
because he has to expend a greater
amount of energy in trying to perform
these tasks. This performance
degradation can result in system and/or
mission failure.
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Figure 3.

Use of the NBC protective ensemble
minimizes the killing or incapacitation
ofmilitary personnel, enabling them to
continue their wartime mission; how
'ever, its encumbering aspects are the
principal factors responsible for
degrading mission readiness and
effectiveness. The NBC protective
ensemble is very burdensome and can
restrict the soldier's vision, hearing,
dexterity, coordination, etc.

Although effort continue to improve
the NBC protective ensemble, certain
technological limitations will always
remain. Therefore, unless rhe Nl:lC
protected man-equipment interface is
recognized and equipment is designed
to be operated by soldiers wearing the
NBC protective ensemble, there will
certainly be an Immediate and/or
progressive operational degradation
when thesoldier's mission requires him
to operate 11is unit's equipment
while dressed in the full NBC protec
tive ensemble. This interface is the
problem that the compatibility
criterion aims to rectify.

20 Army Research, Development &Acquisition Bulletin January·February 1990



Collective protection
is an integral part

of the protection efforts
usedagainstNBC contaminants.

tasks effectively in an NBC-contami
nated environment. However, if the
soldier i required to remain in his full
NBC protectiveensemble for prolonged
periods oftime, a progressive degrada
tion of the soldier's operational per
formance results, produced by the
physical, psychological and heat stress
burden as ociated with extended
wearing of the ensemble. Therefore, it
is essential that the amount of NBC
contamlnation be reduced to a degree
that permits removal of the NBC
protective ensemble altogether or, at
least, a lowering of the MOPP level
required for adequate protection.

Decontaminability
Decomaminability is the capability

of a system to be decontaminated to
reduce the hazard to personnel oper
ating, maintaining, and resupplying it.
Decomamlnation may be desirable for
several reasons:

• To prevent unprotected personnel
from being exposed to BC contamina
tion and becomming a casualty;

• To reduce the spread of NBC
contamination; and

• To lower the MOPP level reqUired
for protection of personnel, thus
reducing the soldier's performance
degradation caused by extended
periods in the NBC protective
ensemble.

Figure 2 highlights the decomami
nability porrion ofthe flow diagram. If
a system is decontaminable, the soldier
will be able to lower his MOPP level and
should be able to continue his mission
with minimum performance degrada
tion. However, if the system cannot be
decontaminated down to a level that
poses a negligible risk to unprotected
personnel, residual vapor and/or con
tact hazards wiU remain. These hazards,
which can be caused by contaminants
either becoming enlnlpped iri cracks,
crevices, a.nd other collection points on
the equipment or becoming sorbed into
paints, coating ,and other material on
the equipment, will not permit a

reduction in the level of MOPP. If the
system is not decontaminable, then
these hazards will result in soldiers
having to conduct mission operations
for extended periods of time while in
MOPP 4, thus degrading operational
performance.

Having equipment that is decontami
nable is essential for minimizing
degradation of performance and
enhancing equipment sustainability in
an NBC-contaminated environment.
Decontaminability can be addressed by
incorporating into a system the appro
priate materials, paims, and coatings
that are minimaLLy affected by contami
nants and decomaminants, and by
engineering into a system the necessary
design configurations that minimize
collection points for contaminants and
decomarninams.

Hardness
Hardness is the capability ofa system

to withstand the damaging effects of
NBC contaminahts, decontaminams,
and procedures required to carry out
the decontamination process.

Considerable test data exist that
demonstrate de&radation of material
properties resulting from exposure to
NBC contaminants and/or decontami
nants. Material properties, mechanical
(tensile strength, elasticity, etc.),
electrical (resistivity, conductivity,
etc.), optical (transmissivity, resolution,
etc.), and chemical (permeability,
diffusion rate, ett.), can be affected by
NBC contaminants and/or decontami
nants. The impact resulting from
degradation of any of these properties
could result in the malfunctioning of a
critical equipment component, causing
system and/or mission failure.

Figure 3 highlights the hardness por
tion of the flow diagram. U a system's
critical characteristics are not affected
by exposure to NBC contaminants and/
or decontaminants, then the system will
function properly on the NBC-contami
nated battlefield. However, if the
system's critical characteristics are

affected, degradation of the ystem's
operational perfonnance will occur,
with system and/or mission failure
possible.

The hardness criterion is very crucial
in the development of equipment
since it is concerned with ihe condi
tion of mission-essential equipment
after it has been ubjected to a harsh
environment - NBC contaminants and
their decontaminants. Having equip
ment that is hardened against NBC
contaminants and decomaminants is
required for minimizing degradation
of the operational performance and
enhancing equipment survivability on
the NBC-contaminated battlefield.

Collective Protection
Enclosures (CPE)

Collective protection (CP) is an inte
gral part of the protection efforts used
against NBC comaminants. Jt is an
enclosure, e.g., a shelter, vehicle, orvan,
with filtered air, that provides a. con
tamination-free working environment
for selected personnel. Collective
protection essentially allows the
soldier, when enclosed in a CP shelter
or vehicle, to perform hi mission
essential tasks without having to wear
the full BC protective ensemble.
Collective protection is utilized in such
facilities as command posts and
communications cente.rs, rest and relief
stations, etc.

The supporting criteria for AR 70-71
indicate that CP enhances compatiblllty
but it does not prOVide compatibility.
However, the combat developer may
elect to substitute CP to addres the
compatibility requirements of AR
70-71. In doing so, the combat devel
oper accepts the risk of possible crew
performance degradation should NBC
contamination enter the CP facility,
thereby forcing the crew to wear the fuIl
NBC protective ensemble.

The mispercepiion that arises when
CP is substiruted into a system is that
the system fully meets aLL of the NBC
contanlination survivability require
ments of AR 70-71; not only for com
patibility, but for decontaminability
and hardness as well. This is not the
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P to a system only
addresses the compatibility criterion.
Both the decontaminability and hard
ness criteria are addressed through
incorporation of appropriate designs
and materials, not solely by adding CP
to the system.

Figure 4 highlights the CPE portion
ofthe flow diagram. IfCP is integrated
into a system, weight, space, power and
cOSt factors must be considered and
traded-off in the overall development
of the system. Those mission-essential
functions of the system that must be
performed outside ofCP must meet the
compatibility criterion.

If CP is incorporated into a system
and the system operated without
any problems, the AR 70-71 decon
tam inability and hardness criteria
for the system still must be addressed.
Nevertheless, for normal operation of
CP within a system, contamination of
interior spaces of CP facilities can stiU
result from entry into and/or exit from
the NBC-contaminated battlefield. This
would require soldiers to wear the full
NBC protective ensemble inside the

CP facility until it has been purged and
contamination levels in the interior
spaces are reduced to acceptable limits.

Failure of CP within the system
would result in soldiers having to
perform their mission-essential tasks in
the full NBC protective ensemble.
However, if that portion of the system
that was within CP cannot be interfaced
with NBC-protected personnel (com
patibility criterion), an immediate
degradation of operational perform
ance would result. Additionally, if the
CP within the system fails and the
equipment within the interior spaces
becomes contaminated, degradation of
operational performance will result.
This situation then revert back to the
decontaminability and hardness
critetia.

Summary
The flow diagrams address the

three NBC contamination survivability
criteria as defined by AR 70-71.
Incorporation of materials and designs
are needed to address these criteria.
Additionally, the integrationofCP into

a system has also been incorporated
into the flow diagram in order to
remove an existing misperception that
adding CP to a system satisfies AR 70-71.

FRANK]. BELCASTRO served in
the NBC Survivability Office, U.S.
AI'my Chemical RD&E Center
(CRDEC)fromMay 1985 tOJanuary
1989. Currently, he is AntiTerrorism
Programs team leader; Technical
Integration Division, Munitions
Directorale, CRDEC. HebasaB.S. in
mecbanical engineering from tbe
University of Maryland.

DR.]OSEPH]. FEENEYserved in
the NBC Survivability Office,
CRDECfromSeptember 1985 toJune
1989. Currently, he is a chemist in
the Vulnerability/Lethality Assess
ment Management OffiCe, u.s. Army
Laboratory Command. He bas a
Ph.D. in chemistry from the
University of Pittsburgh.
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APPLYING
THE
STANDARDS
FOR,

I TERNAL
MANAGEMENT
CONTROLS

I~

By Thomas J. Nicholas

Background
The Federal Managers' Financial

Integrity Act of 1982 mandated re
quirements for strengthening internal
management controls throughout the
agencies of the federal government.
The Integrity Act tasked the president's
Office of Management and Budget
(OMB) with the responsibility of
developing implementing guidelines
and regulation to assist agencies in
evaluating and improving their systems
of internal management controls.
Accordingly, OMB Circular A-123 pre
scribes the policies and methodology
for evaluating the adequacy ofcontrols.
This methodology is most frequently
referred to as the "OMB guidelines."
The circular also establishes the format
and input for the Annual Statement of
Assurance (annual report) to the presi
dent and Congress, which the law re
quires of every agency head.

When last revised in 1986, A-I23
incorporated the reco=endations of
the President's Council onManagement
Improvement and introduced the
5-Year Management Control Plan
(MCP). This is the primary vehicle for
agencies to identify their assessable unit
(subtask ) inventory and schedule eval
uations at appropriate levels ofmanage
ment over a 5-year period. In the Army,
these asse sable unit evaluations are
accomplished using DA standard inter
nal control review checklists which are
based upon OMB guidelines. The
checklists provide day-to-day guidance
on essential management controls and
are applied "formally" one or more
times in a 5-year period as scheduled by
the MCP.

Both the checklists and the MCP
normally are published in DA ll-series
circulars. The complete Army Internal
Control Program (AICP), including total
implementation of A-123, is found in
AR-1l-2, Internal Control Systems,
dated Dec. 4, 1987.

Congress Sets Standards
When the Congre s passed the Imeg

rity Act, they intended to achieve the
needed strengthening of management
controls by reasserting the responsibil-

ity ofcivilian and military managers at
aU levels for overall integrity of pro
grams under their supervision. To
accomplish that goal, the act directed
the comptroller general to prescribe
standards to be applied in defining and
evaluating the minimum level of qual
ity acceptable for an organization's
internal control structure. Ashort time
later, the General Accounting Office
(GAO) published .. Standards for
Internal Controls in the Federal Govern
ment." The document presents 12
internal contrOl standards to be applied
in the daily performance ofall govern
ment operations for maximizing
management confidence that: actions
are in compliance with applicable laws
and regulations; funds, property and
other assets are safeguarded; financial
and statistical information is reliable
and item accountability is maintained;
and operations are efficient and effec
tive.Ineffect, the •'GAO standards" are
each manager's professional standards
for ensuring adequate performance as
a manager - every day.

There are three objectives in "apply
ing" the GAO standards: devising, im
plementing and sustaining sound
management controls for every Army
operation. As stipulated in AR-ll-2,
every Army manager is responsible for
applying the standards in day-to-day
operations. In addition, for each Army
subtask (Identified in Army's MCP) the
standards are applied by the HQDA

.

Functional Proponents who identify
the subtask's minimum essential re
quirements, and "devise" management
control techniques for ensuring the re
quirements are accomplished. These
details on requirements and manage
ment controls are components of the
internal management control review
documentation process and are pub
lished in the DA checklists mentioned
above.

Upon receipt by Army-wide oper
ating managers responsible for accom
plishing the subtasks, the checklists are
used to "implement" the defined con
troltechniques. Equally important, the
checklists facilitate the operating
manager's responsibility for "sustain
ing" the defined comrol techniques
commensurate with GAO standards
through day-to-day consideration
and, to comply with the Integrity
Act, formally not more often than
once every two years as cheduled by
the Mep.

It's this "formal" periodic use that
causes some consternation because
compliance also requires documenta
tion demonstrating that the responsible
manager actually" verified" the mini
mum essential management controls
are in place and working. This is not an
arbitrary burden laid on Army mana
gers, but is vital to Army's ability to cer
tify compliance with the explicit
requirements of the OMB guidelines
and GAO standards implementing the
Integrity Act.
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Concerted application of the GAO
tandards is absolutely essemial for
ound management control. Because of

their importance, all J2 standards have
been fully adopted for implementation
tbroughout the Army. The)' are
publi hed in their emirety in AR 11-2,
Chapter 2. The AR a1 0 tates: "Com
manders and managers at aLI levels ...
will ensure adherence to the Army
(GAO) standards."

The 12 standards comprise five
general, six specific, and an audit
resolution standard. These standards
are very broad, and profes ional
managers must exercise judgement in
determining whether they are meeting
tbe standards in their operating
environments. A working knowledge
of the standard coupled with the
understanding of how Congress
imended for federal managers to apply
them is essential to the continued
maintenance of good management
control systems.

Statement of the Standards
The five general internal control

tandards apply to all aspects of
management controls.

• Internal controls are to provide
reasonable assurance that manage
ment's objectives will be accomplished.

• Managers and employees are to
maintain and demonstrate positive and
supportive attitudes toward internal
controls at all times.

• Managers and employees are to
bave personal and professional integ
rity and maintain a level of competence
that allows them to accomplish their
assigned duties, a well as understand
the importance of developing and
implementing good internal manage
ment controls.

• Internal control objectives are to be
developed for each agency activity and
are to be logical, applicable, and
reasonably complete.

• Internal control techniques are to
be effective and efficient in accom
plishing internal control objectives.

Anumber ofspecific internal control
techniques can be used to provide
assurance that the general internal con
trol standards are achieved. These six
pecific internal control standards

classify the wide variety of different
technique that may be used to acbieve
control objectives. In abbreviated form
the six standards require that:

• Transactions and other significant
events must be documented.

• 1ransactions and other significant
events must be recorded promptly.

• 1ransactions and other signifi
cant event must be authorized and
executed by person acting within their
authority.

• Key duties must be separated
among individual .

• Qualified and continuous super
vision must be provided to ensure
that internal control objectives are
achieved.

• Access to resources and records
must be limited and accountability for
custody must be as igned with periodic
comparisons of the resources with the
recorded accountability.

The Audit Resolution Standard re
quires that managers promptly evaluate
and take action on [IDdings and recom
mendations reported by auditors.

The practical benefirofthe tandards
to every manager is evident in analyzing
the first Comptroller General/GAO
Standard. For example, "Reasonable
Assurance" acknowledges that 100
percent reliability of management
controls generally i not a practical
target - and that the co t of specific
controls generally bould be com
mensurate with benefits derived from
the controls. Commanders and mana
gers at all level should apply this
standard in formally identifying the
circumstances constituting "acceptable
performance" in matters such as the
accuracy of stock locator records,
recorded inventory balance , days for
processing transactions, tbe percentage
of managers who must have internal
control responsibilities in performance
agreements at any point in time, and ali
otber measurable events which likely
will alway involve less than perfect
accomplishment.

Defining the acceptable percentage
or range will not only facilitate better
monitoring and response by top
managers, but also will ensure that
auditors and inspectors measure
success against the reality of perform
ance capabilities. These will change as
(esources are withdrawn, reduced or
stretched out - and the acceptable
performance factors hould be revised
accordingly.

As pertains to the co t benefit
considerations called for by the
standard, application should include
periodic review of every regulation (at

every organization issuing regulations)
to identify "requirements" that can be
terminated.

Eve(y "regulatory requirement"
imposes accountable compliance on
each manager, cost resources for
compliance, and necessitates audit-type
coverage. Similar consideration should
be inVOlved before adding any new
regulatory requirements, and those
proposing the incremental require
ments hould be tasked to demon trate
tbeir determinations about related costs
and benefits. Auditors and inspectol'S
share this re ponsibility in presenting
recommendations, and recipient man
agers hould not be reluctant to caLI
for the co t-benefit detail justifying
applicable recommendation .

The bottom line is that application of
the standard can help everyone do a
better job and benefit Army operations.
For more details on the reasonable
assurance and the other 11 standards,
contact your internal control admin
istrator or, through the admini trator
network, the Army Internal Control
Office.

Conclusion
Managers who understand the

standards of internal management
control, and who ensure that tbeir
'control sy tem meet the e standards,
are proving their accountability to the
chain ofcommand and the public they
serve. Remember the ultimate responsi
bility for good internal management
controls rests with management.

Internal management controls
should not be viewed as separate,
specialized systems. Rather, they are an
integral part ofeach system or structure
that Army management use to regulate
and guide its operations - and get the
day-to-day jobs done effectively and
economically. Ensuring that controls
within each command or organization
are in accordance with the standards is
the basic Integrity Act respon ibilityof
every Army manager.

THOMAS]. NICHOLAS is deputy
for training and assistance to the
director Ofthe Army Internal Control
Program. He holds a B.B.A. in
accountingfrom Loyola University
(Chicago) and an M.5.B.A. from
Boston University.
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ELEMENTS
OF

TOTAL
QUALITY

MANAGEMENT
Editor's Note: The following is an excerpt from a paper written by

Thomas R. Stuelpnagel, entitled "World Class Management for Defense."
Stuelpnagel is an advisor to industry, government and academia, and

former president and CEO of Hughes Helicopters, (now McDonnell
Douglas Helicopters). He was stimulated to write this article following his

participation in the first Government/Industry TQM Workshop held in
Alexandria, VA, on June 29, 1989, hosted by Darold L. Griffin, deputy

chief of staff for production, Army Materiel Command. This article
discusses the elements and implementation of total quality management

as the generally recognized world class management process that is
triggering a second industrial revolution. Its principles are universal.

I

Macro Approach to TQM
A practical way to get committed to

TQM and to expedite its adoption in a
company i to lay it out end-to-end and
then focus flISt on the 'macro' elements
which need to be in place to make it
work as a system.

It's true that TQM can be started at
any level, but it's moreHkely to succeed
if ea~h higher level understands the
process, is committed to it and has put
it own house in TQM order.

Attention to the principles of TQM
and it 'macro' elements can produce
importalll gains in a short time. The
'macro' elements listed below are an
example of this approach and are
offered as a road map to top manage
ment in both government and industry:

• Knowledge. Dr. Deming is tbe
acknowledged expert. An excellent
starting pOint is to read his book Out oJ
tbe Crisis, and debate his 14 points
against the existing company culture
and procedure.

• Commitment. Attendance at a
four-day Deming Seminar can be a

religious-like experience, helpful in
acquiring tbe commitment and zeal
needed to lead an organization in TQM.
It can be the most important four days
in the company's future!

• Leadership. TQM leadership is
essential at the top. The CEO must be
a believer. Additionally, a statistically
oriented TQM promoter, reporting to
the CEO, is needed to help implement
the process at all levels of the
organization - preferably on a full
time basis.

• Policy. A company policy related
to TQM is helpful and should be
distributed to all employees. Ford
Motor Co., a leader in TQM, has a policy
and a system description that COntains
about 300 words and is published on
two 3 x 5 cards.

• Statistical Thinking. Top
management control charts and reports
are the starting point to set the example
in statistical thinking for the company.

• Program Offices. Program
offices should function as model
parallel organizations with profit and
loss delegation from the CEO and

resources on board to statistically
control the program.

• Program Meetings. Program
meetings are key places to et the TQM
example. The challenge is to operate
them and tbe program with four sigma
effici.ency before expecting the rest of
the organization to act accordingly.

• Procurement. Conversion of the
company to the 'single supplier'
approach used in TQM will usually
require a change in the procurement
policy and special training of procure
ment managers and uppliers. The
objective is to award contracts on the
basis of "best value" with long term
intention, commitment to continuous
improvement and continuous cost
reduction, visibility to avoid surprise
and full responsibility for the product
quality including the elimination of
receiving inspections.

• Delegation. Deeper delegation
of responsibility is the goal for all
interfaces and levels in the company.
Statistical visibility is used to control the
delegated work and avoid surprise .
Regulations, inspection, checking and
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multiple ign-offs are progressively
reduced.

• Pilot Programs. Statistical
control of management, production,
and procurement processes are best
started with pilot programs. These
programs are expanded in complexity
and number as success is achieved.

• Humanistic Principles. The
humanistic principles involved in the
TQM culture are challenging to
implement. A starting point is to
compare the principles propo ed by
Deming with the existing culture of the
organization, including its procedures,
union agreements, accommodation of
U.S. laws, etc. Innovative ways are
needed to implement the TQM culture.

• Organization. In orienting the
company to TQM, it is helpful to chart
the complete company on one heet of
paper. The purpo e is to relate the
present organization structure with the
more horizontal TQM structure having
spans of control of20, 40 and more at
each manager interface.

• Critical Mass. Believers are
needed at all levels within the organi
zation to propagate the TQM process.
Deming suggests that the "critical
mass" required for self propagation
may be the square root ofall the people
in the organization.

• TQM Index. se of an index is
helpful for measurement of TQM
progress. At the start, the index should
be ha ed on the activity underway
rather than on the results. The objective
is to educate and train people in TQM
fltSt, and then improve the company's
proce ses later. The temptation to select
the toughest company problems for
pilot projects should be avoided to
minimize the risk of failure and
discouragement in the TQM proces .

• Listen Harder. The technique of
listening barder is a TQM cultural step
that can be started immediately. Ford,
for example, attributes its popular
aerodynamic automobile tyling to
listening harder to its designers - from
the highest level.

• World Class Solutions. Products
can be analyzed by their elements in a
search for world class solutions. The
use of the more sophisticated TQM
techniques, such as Quality Function
Deployment, is not required to make
major improvements.

• Model TQM Orgaolzations. The
study of other companies who
are already well along with TQM,
including Japanese, will provide
insight.

• TQM Technology. Eventually, in-

depth tra.ining and pilot projects will be
needed in the TQM technologies such
as: Taguchi's rohu t design concepts,
design of experiments and the quality
los function for integrating the dollar
aspects of quality improvement into
hudgets and programs; and quality
function deployment for integrating the
customer into the product cycle. The e
technologies will take years of practice
to apply wisely.

• Defense Science Board/
WlIIoughby. Application of the
Defense cience Board/Willoughby
principle are important as the road
map for TQM through the existing
defen e acquisition procedures. These
procedures cannot he expected to
change quickly or radically - nor do
they have to change to make TQM
effective.

• University Participation. En
couragement and assistance to universi
ties is needed to obtain their partici
pation and commitment to TQM. Every
university class in engineering and
business that graduates with TQM
training will advance our country's
competitive position and will not have
to be retrained later.

• Total Employee Participation.
Last but certainly not least, is the need
to communicate with and educate all
employees in the principles and
technology of TQM, In this regard,
what is done is more important than
what is said. Since the change is forever,
continuity and persistence are more
important than early results. The need
i to demonstrate - not JUSt say - that
TQM will be a benefit and not a burden
to each individual.

It must also be communicated that
the employee-company relationship
under TQM will be a two way street. All
employees must be willing to take the
time and make the effort to learn
new skills and to be adaptable. TQM
will not be free. Sustained job related
training and educational support in
company time and money will be an
ongoing need in equipping all
employees for TQM.

Work team organization, participa
tion in decisions and team rewards for
success will further expand the TQM
team relationship. The opportunity to
work for owner hip in the company or
a share in the gains will be proof of the
company's sincerity in TQM. However,
the most important benefits will be the
employee's greater pride and feeling of
accomplishment when working in the
TQM environment.

TQM is the competitive edge.

I

,
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HUMA USE COMMI
IN ARMY

RESEARCH AND TES
By LTC Gregory P. Berezuk

and Chuck Dasey

EES
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All re earch and development of
products designed to improve the
survivability of a soldier on the battIe
field startS pretty much the same way.
The need for enhanced offensive or
defensive protection against a known
threat is perceived and the appropriate
Army research and development
activity is tasked to develop the
necessary item. The item may be a
vaccine to protect the soldier from a
bacterial enemy which cannot be seen,
or a rille to provide improved protec
tion from a more visible enemy. In
either case, there comes some pOint in
time when the new product must be
proved safe for use by soldiers. At this
pOint, the many sensitive issues involv
ed in the use of human beings as test or
research subjects must be addressed.

Normally associated with clinical
medical research such as experimental
use of new drug, ethical human use
policies also apply to human subjects
in all Army and Army-sponsored
research, development, testing and
evaluation (RDTE). A new Army regula
tion, AR 70-25, Use of Volunteers as
Subjects ofResearch, incorporates into
Army policy the existing military
human use guideline. The Army
surgeon general is the proponent for the
regulation and the Surgeon General's
Human Use Review and Regulatory
Affairs Office (HURRAO) is the primary
action office and point of contact for
information.

Much of what we recognize and
accept today as the basic precepts of
ethical treatment of human research
subjects had its origin in a military
tribunal. The war crimes trials held at

uremberg West Germany after World
War II revealed the horrors perpetrated
by azi doctors on concentration camp

internees. As a result of these revela
tions, a document now known as the
Nuremberg Code was written to detail
"... certain basic principles that must
be observed in order to satisfy moral,
ethical and legal concepts [in the use of
human subjects)."

Subsequent to the publication of the
Nuremberg Code, worldwide attention
was focused on the issue ofethical treat
ment of research volunteers. This auen
tion resulted in the Declaration of
Helsinki which is now considered, by
most nations, to be the minimum stan
dard for assuring the protection of the
rights and welfare of research volun
teers. Among the principles set forth in
Helsinki in 1964, and amended by the
World Medical Assembly in Tokyo in
1975 were:

• Concern for the interests of the
subject must always prevail over the
interests of science and society.

• Each subject must be adequately
informed of the aims. methods, an
ticipated benefits and potential hazards
and discomforts the study may entail.

• Each subject is free to withdraw his
or her consent to participation at any
time.

• Hazards must be predictable, and
the potential benefits mllst outweigh
the hazards.

The next significant event for the
Department ofDefense in the evolution
of human use concerns occurred on
Jan. 7, 1983 with the publication of
DOD Directive 3216.2. The stated pur
pose of this directive was to "... estab
lish policies, assign responsibility and
specify authority for protecting the
rights and welfare ofhumans as subjects
ofstudy in DOD supported RDTE and
clinical investigation activities:' The
language of this directive was later

incorporated into the code of federal
regulations at Title 32 part 219. This
regulation applies to the Office of the
Secretary of Defense, the heads of all
military departments, the Joint Chiefs
of Staff an,d Unified and Specified
Commands.

In addition to addressing clinical
investigations of drugs, vaccines and
medical devices, the provisions of the
DOD directive and the subsequent
federal regulation encompass the
"inclusion ofhuman subjects whether
as the direct object of research or the
indirect object of research involving
more than minimal ri k in the develop
ment and testing of military weapon
systems, vehicles, aircraft and other
materiel. The determination of
whether the protocol involves more
than minimal risk shall be made by
review committees .. :'

The recently published revision of
AR 70-25 incorporates the elements of
the DOD directive, the federal regula
tion and various other laws, regulations
and directives into a single document.
This revised regulation proVides both
general and procedural guidance. [tee
tains the functions of the surgeon
general, which include maintaining the
Human Subjects Research Review
Board (HSRRB) and the HURRAO. The
HSRRB, chaired by the assistant surgeon
general for R&D, meets regularly to
review and approve or disapprove
research protocols which employ
human subjects.

The new element of AR 70·25 is that
commanders of major Army com·
mands that conduct ROTE are en
couraged to establish their own human
use committees. Commanders may,
however, use the HSRRB in lieu of
establishing their own human use
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committees. The only advantage to
using the HSRRB is that it would save
the time and effort needed to establish
a human use committee. Referring test
plans or protocols to the HSRRB may,
therefore, be a feasible alternative for
organIzations which conduct research
or testing infrequently.

One disadvantage of using the
HSRRB is the time delay which would
accompany the coordination of a
review with any organization outside
the organization conducting the
research or testing. A more important
disadvantage is that the HSRRB is pri
marily made up of people with back
grounds in the medical and health
sciences. Such a group is poorly
equipped to accurately assess the level
of risk presented by the operation of a
new weapon system, vehicle or aircraft.
For such an assessment one would want
a review done by a board primarily
made up of people who have experi
encewith the type ofequipmem being
tested and the conditions under which
the test will be conducted.

The establishment of a human use
committee starts with the preparation
of written procedures and directives
governing the conduct of the
committee. The HURRAO can provide
copies of such directives from otber
activities and any other assistance
which might be needed in developing
these written procedures. The written
procedures along with the curricula
vitae ofthe committee members is then
forwarded to the HURRAO.

The human use committee must
consist ofat least five members who are
full time federal employees and of
diverse backgrounds reflective of the
professional competencies needed to
conduct adequate reviews. One
member of the committee must be a
non-scientist (e.g., lawyer, clergyman).
The committee must have one member
who is not affiliated with the institution
and a physician must also be available
to the committee as an ad hoc member.
The approving official, to who the
committee makes its recommenda
tions, may not be a member of the
committee.

The primary determination that a
human use committee must make is
whether the proposed research
presents greater than minimalrisk to the
subjects involved. Minimal risk exists
when, "Theproposed risks are not con
sidered greater than those encountered
in the subject's daily life or during
routine physical or psychological
examination." In applying this

definition one must consider the
normal occupation of the subject in
order to assess if the proposed risks are
greater than those the subject might
encounter in the course of their daily
life. It would be minimal risk for a test
participant to operate equipment
which is commonly used by people in
his or her occupation. However, if the
equipment to be operated is considered
an experimental prototype and little
information is available regarding the
hazards of operating the equipment
then the activity may present greater
than minimal risk.

In determining the level of risk, the
human use committee must also
consider conditions under which the
test will be conducted. If the test is
conducted as part of a previously
scheduled training exercise (i.e., the test
is "piggybacked" onto the exercise)
then the only risks to be considered are
those presented by the test equipment.
The concept here is that the risks
inherent in a training exercise would be
faced by the soldier even if the new item
were not being tested. The human use
committee must then determine if the
imposition of the test article into the
training exercise elevates the soldier's
risk to greater than minimal.

If, however, the activities in which
the soldier is to engage are solely for the
purpose of testing the new item, then
the human use committee needs to
consider the risks presented by the
conditions specified for the test as well
as the risks ofoperating the test article.
In this case tlle soldier is being exposed
to risks which are not part of normal
training as well as the risks presented
by the test article. The conditions to be
considered would include physical
exertion, environmental extremes,
clothing to be worn, duration of the
test, etc.

If a review committee determines
that the proposed test presents greater
than minimal risk then the informed
consent of test participants is required.
Also, a medical monitor will have to be
appOinted to provide care for any
research related injuries and to advise
the people conducting the test if the
conditions under which the testing is
being conducted become so hazardous
that the testing should be discontinued.

In applying the principles of human
use review to the area of equipment
testing one must be careful not to
unnecessarily delay the testing process
by conducting reviews of test plans for
equipment which has, through the
course of user testing, been proven to

present minimal risk to the operator.
Therefore early user tests which
employ experimentaI prototypes about
which there is little information to
assess the risks of operation would, in
most cases, need to receive human use
review for each proposed test.

As a piece of equipment progresses
through early test stages, the reviewing
human use committee may decide that
there is enough information available
about the new equipment to confi
dentIy state that the use of the
equipment can correctly be charac
terized as presenting minimal risk to the
soldier. At tltis point me committee may
exempt future test of this equipment
from further human use review. The
decision as to when in the develop
mental cycle a piece of equipment no
longer needs human use review must be
made by the human use committee.

It is important to note that the
requirement for human use review does
not in any way replace currently
required health hazard or safety
assessments. Indeed the human use
review is the 10gicaI follow on to these
two activities. Once the heaIth and
safety risks of using a given piece of
equipment have been identified then
the human use committee considers
whether me risks are greater man those
which the soldier would encounter in
performing the duties required of
someone with that soldier's duty
assignment.

It is inlportant to remember that there
is no such thing as a research protocol
or test plan which presents no risk.
Furthermore, no human use review, or
any other kind of review, will totally
prevent an accident from occurring in
the course of even the most carefully
cOlrceived and well controlled test plan
or protocol The human use review
does serve to assure that unnecessary
risks are eliminated and that residual,
unavoidable risks are minimized.

Aconscientious human use review is
not just a paper drill. It is a duty owed
to the soldiers who participate in Army
research and testing.

LTC GREGORY P. BEREZUK is
chief, Human Use Review and
Regulatmy Affairs Office, u.s. Army
Medical R&D Command.

CHUCK DASEY is public affairs
Officer for the u.s. Army Medical
R&D Command.
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COMPOSI E
INFANTRY
FIGHTING
VE ICLE
UNVEILED

By Chuck Paone

Pia tic tanks may dominate future
battlefields.

That may sound strange, but consider
that a fiberglass-reinforced plastic
(compo ite) armored vehicle will
perform a well as a metal vehicle at
reduced weight. Consider also the
additional benefits, such as enhanced
crew survivability, reduced interior and
exterior noise, and reduced manufac
turing and life-cycle costs. Suddenly, it
doesn't sound so strange, does it?

Armored vehicles composed pri
marily of composite materials will not
be fielded for several years, but the
Army recently took a major step in that
direction. The .5. Army Materials
Technology Laboratory (MTl), Water
town, MA, and its prime contractor,
FMC Defense Systems Group, SanJose,
CA, have developed a prototype com
po ite infantry fighting vehicle demon
strating the benefits listed above.

"I've been a tanker all my career and,
having seen and ridden in this vehicle,
I'm convinced that it's the way to go,"
said GEN louis C. Wagner, recently
retired commanding general of the
Army Materiel Command.

Recently unveiled to the public at
FMC's SanJose test facility, the vehicle

is now commencing 6,000 miles of
field testing at Camp Roberts near Paso
Robles, CA. The vehicle will be tested
extensively to generate data on its
characteristics, including strength,
durability and maneuverability. That
data is expected to validate computer
design modeling techniques established
early in the program for thick
composite laminates.

Reducing the weight of armored
combat vehicles was the main imperus
behind this effoce, according to William

E. Haskell III, MTl's project manager.
The idea, however, also carried the
potential of advancing the Army's other
major thrusts - survivability, lethality
and readiness.

"The whole philosophy is that a
good laminate, prop~rly tuned, will
outperform other material," said D.
Erich Weerth, FMC's program manager.

MTL first worked to develop a thick
composite "E-Glass" armor system that
could bear sizable loads. Although
compOSite armor systems were

Front
View
of the
Prototype
Composite
Infantry
Fighting
Vehicle
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commercially available, none had the
adequate stiffness to serve as a hull
structure.

After advancing tbe materials
research by evaluating a variety of resin
systems and fiber finishes, MTL
demonstrated the E-Glass technology
by designing and fabricating composite
hatch doors for a Marine amphibious
landing craft.

Although the E-Glass system seemed
to work well, according to Haskell,
MTL searched for an even betler com
posite structural armor. Working
closely with Owens Corning Fiberglass
Inc., they developed an "5-2 Glass"
structural armor system that exhibited
an even greater weight savings, com
pared to metallic armor, based on equal
ballistic performance.

"Before jumping right into the
composit<; hull program, we chose a
smaller, less complex armored vehicle
component to demonstrate this
technology," said Haskell. With FMC as
the prime contractor, engineers
fabricated turret structures using a wet
lay-up, vacuum bag molding process.
The resulting structures weighed 15.5
percent less than their aluminum
counterparts.

The next logical step was to design
and build a hull, said Haskell. The
me sy and cumbersome wet lay-up
process presented a major technologi
cal obstacle, however. To overcome this,
MTL and FMC sought an 5-2-Glass

pre-impregnated with a compatible
resin. This would also allow them to
dramatically reduce the cure cycle,
which is the time it takes for the fiber
and resin to consolidate and harden. A
"pre-preg" from American Cyanimid,
Inc. was chosen after evaluating four
candidate systems for ballistic,
mechanical and processing qualities.

The pre-preg having solved the
problem, sights were set on design,
fabrication and field testing. The design
was constrained by the need to fit the
vehicle with an M2 engine, transmis
sion and suspension system, but was
otherwise materials driven.

"The true potential of composites
will be realized only when the entire
vehicle is designed from the composites
perspective," said Dr. Edward S. Wright,
MTL's director. Nevertheless, this
technology demonstrator reduced the
weight of the hull and its attached
armor by 25 percent.

The reinforcing fiber and polyester
resin system that the hull is comprised
of are also highly flame resistant,
according to Haskell. "You can have a
raging fire on one side ofthe composite
wall and very little temperature rise on
the other side."

It is not one asset or even the actual
vehicle, though, that represents the
ultimate importance of this program,
according to Haskell; it's that the Army
now has a technology base that could
serve as the foundation for a future fleet

of composite armored vehicles.
The goal in the final phase of this

program will be to further develop and
extend this technology now being
demonstrated for the 3D-ton vehicle
weight class to the heavy armored
vehicle weight class, said Haskell. A
compo ite hull incorporated into a
heavier vehicle will have to meet much
higher structural loading requirements
and be molded in greater thickness and
different shapes. The Army will be
looking for comparable weight savings.

Before it ever becomes feasible to
field composite vehicles, regardless of
weight, the Army will have to find a way
to mass produce them. So MTL,
through comract, will be trying to get
industry to help do just that.

Mass production and fielding may be
a long way off, but a lot has already been
accomplished. "This marks the culmi
nation of years ofeffort and points the
way for the future development of
ground vehicles," said Wright. ''I'm an
old metallurgist, and at first 1was a Iitlle
skeptical, but now I'm definitely
convinced."

CHUCKPAONE is a public affairs
specialist at the us. ArmyMateria!s
Technology Laboratory. He holds a
B.S. degree in journalism from
SuffOlk University, Boston, MA.
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MANPOWER
CONSTRAINTS

ANDR&
SPEC FICATIO S

Finding New
and Better Ways

to Produce ~eapons

By CPT Mark Pliakos

Everyone involved in weapons pro
curement i always eager to find new
and better ways to produce weapons.
This discussion focuses on one small
aspect of weapons procurement: the
initial devetopment of reliability and
maintainability (R&M) specifications
for devdopmental systems.

Currently, R&M specifications are
derived from proposed mission profLles
for the equipment. Those specifica
tions are then challenged by various
agencies who must insure the same sys
tem conforms to a number ofother con
straints that were not part of the initial
development. One such conStraint is
maintenance manpower.

This article proposes a process to
integrate manpower constraints into
the initial R&M development effort.
Instead ofderiving R&M specifications
and using models to discover the
amount of maintenance manpower
required, combat developers can use a
manpower constraint to develop R&M
specifications.

The proposal works the Manpower
Allocation Requirement Criteria
(MARC) in reverse, fixing the number of
maintainers and solving for the required
maintenance ratio.

The advantages of this process are
numerous. First it is truly a manpower

and personnel integration (MANPRINT)
tool, because the process drives the
design with the need to fit the force as
it exists. Second, the process produces
an audit trail which the combat
developer can use to perform trade-offs
between R&M specifications and man
power requirements. Finally, the
process helps Army data collection
agencies pinpoint precise data required
by Army planners to produce effective
and efficient weapon systems.

The MARC System is the heart of the
proposed process. MARC is used by
force developers to decide how many
maintainers a unit receives for a given
density of equipment. Using the
maintenance ratio (man hours per
operating hour (MH/OH)), number of
operating hours, number of pieces of
equipment and tbe number of man
hours that equate to one maintainer
position on the MTOE, the force
developer derives the number'of main
tainers the unit requires.

The proposed process fixes the num
ber of maintainers and solves for the
maintenance ratio. That maintenance
ratio is then translated into a reliability
figure and a mean time between failure
(MTBF) figure. The R&M data is based
on manpower constraints. Any changes
in the number of maintainers or the
reliability specification can then be

The proposal
works the
Manpower
Allocation
Requirement
Criteria
in reverse,
fixing the
number of
maintainers
and solving
for the
required
maintenance
ratio.
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evaluated according ro the impact on
maintenance manpower and mission
performance.

While t.he full process can be some·
whattedious, iris not complicated, and
can be accomplished with a hand-held
calcularor. A simplified example serves
to highlight the benefits of the process.
Assume an additional widget is being
added to theAH-I. The widget must nor
require any additional manpower [0

perform maintenance. The widget will
be repaired by t.he fire control repair·
man, There are currently six repaire,rs
a signed to the unir. What must the
widgets reliability be in order [0 insure
no additional maintainers will be
required?

The process stans with the MARC
equation which is: (Widgets) (MH/OH)
(Operating Hours)!l Position (MH) =
Number of Positions.

We fix the number of position , and
solve for the maintenance ratio,
MH/OH. One subtelty of the MARC
equation is that the number ofpositions
is rounded up or down. If the number
ofpositions is six. the an wer produced
by the MARC equation can be anywhere
between 5.5 and 6.4. Thi become
important.

When actually performing a com
plete analysis, you must set the MARC
equation equal to the greatest vaIue that
yields the actual answer. In this case, the
analyst uses 6.4. Using 6,4, the analyst
derives a maintenance ratiO that is the
maximum total workload the six
repairmen can handle before needing
another repairman.

Recognize that this widget is an
additional workload. The process
accounts for this fact by subtracting the
current maintenance ratio (the one that
produced six repairmen in the first
place) from the maximum maintenance
ratio derived by using 6.4 positions.
The result, the difference in mainte
nance ratios, represents the mainte
nance ratio that the total widget
population can have without requiring
more repairmen.

Using sample data collection (SDC)
information, the maintenance ratio can
be translated into an MTBF and reli
ability figure. Some of the fine points
of the process have been glossed over,
but the previous example serves to
highlight the main benefits. First, the
R&M data are based on manpower
constraints. Some will argue that R&M
data should be solely mission oriented.

However, R&M data derived by this
process can be applied [0 the proposed
mission profiles.

If the R&M specifications are
insufficient for mission accomplish·
ment, it is obvious that the only choices
are to use the widget less. make the
widget more reliable, or add main·
tainers. Analysts have always known
thi ,butthis audit trail forces program
managers to make the hard decisions.

The proposed process derives R&M
data using an interval of usage rates, not
one specific rate. In aviation. this is
normally called a wartime flying hour
program. The combat developer must
normally pick a wartime flying hour
program. The chances of the actual
wartime program being exactly this
figure are very slim.

The proposed process derives data
based on an interval whicb comes from
the rounding in the MARC equation.
Analytical proofis beyond the scope of
this article, but this process has
developed R&M data that are valid over
a wide range of wartime flying bour
programs. The chance of an actual
wartime flying hour program faIling
into an interval is much greater than the
chance the wartime flying hour
program is exactly anyone value.

This process is clearly a MANPRINT
tool. It forces the R&M specification to
conform to the number of maintalners
currently in the force. The impact of
any R&M changes can be easily con
verted into a manpower cost, insuring
tbe equipment can be maintained by
the people assigned.

In conclusion, this proposed process
can be a great benefit to the procure·
ment community. Any agency inter·
ested in a much more rigorous example
of this process is welcome to write me
at the 78th Aviation Battalion (prov).
APO San Francisco 96343-0064. By
using manpower constraints to derive
R&M data and then analyzing mission
capability, the combat developer can
clearly show theimpactofR&M trade·
ofis on unit manning levels and mission
accomplishment.

CPTMARKPLlAKOS is director of
security, plans and opel-ations,
CampZama,]apan. HehotdsaB.S.
degree from the u.s. Military
Academy and an M.S. from the
University of Southern California.

32 Army Research, Developmenl & Acquisilion Bulletin January-February 1990



Ifstruckbya high velocity projectile
or shaped charge jet, bags of propel
lant in a howitzer will ignite and spread
heat and flames to surrounding pro
pellant bags, causing them to ignite also.
This phenomenon, known as cook-off,
could prove fatal to both crew and
vehicle in less than a minute.

Efforts made by researchers at the
U.S. Army Materials Technology Lab
oratory (MTL), Watertown, MA, to sur
round these propellants with intume
scent (flame retardant) material have
succeeded in preventing cook-off.
This research is part of MTL's support
for the Cannon Artillery Weapons
System (CAWS) program at the Army
Research, Development and Engineer
ing Center (ARDEC), Dover, Nj, where
work is being done to revitalize the
M109 Howitzer.

Significant changes in the howitzer's
turret, gun, instrumentation and
communication system have been
designed to improve system perform
ance. PM-CAWS is also examining
several concepts designed to enhance
survivability. One such concept, which
has been found feasihle, is to store

PREVENTI G
COOK-OFF
WITH
INTUMESCENT
MATERIALS

Before
detonation
The "donor"
propellant,
which is
to be ignited,
Is surrounded
by the
unprotected
"witness II

sleeve (left)
and the
protected
sleeve.
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During
Detonation

Ignition
of the

"donor"
propellant

and
subsequent

ignition
(cook-off)

of the
propellant

in the
unprotected

sleeve
during

the test.

on-board propellant in a compartment
separated from the crew but accessible
by them. Even with such a compart
ment, though, cook-off could well
destroy the crew and vehicle.

The MTl team, headed by researcher
John Mescall and comprised of
polymer specialist Dominic Macaione
and technicians Charles Polley, John
Bonitati and Francis Kelley, explored
the possibility of protecting propellant
bag by storing them in individual
cylindrical leeves. Initially, they
looked for weight savings by com
paring the performance of composite
materials to sleeves made of steel or
aluminum. Then they began wrapping
all of these sleeves in intumescent
materials to see if cook-off could be
prevented.

They conducted two different exper
iments on these materials, concen
trating primarily on one-third- cale
propellant detonation testing. In early
version of thi te t, Mescail filled three
sleeves with propellant, ignited one,
which he called the donor, left one
"witness" sleeve unprotected and

insulated the third with intumescent
material.

The results were clear and direct. The
propellant in the unprotected sleeve
always burned, igniting each time in
approximately 11 seconds, and the
sleeves, except for those made ofsteel,
either ruptured orbumed through. The
propellant in the protected sleeve on
the other hand, never ignited, and tbe
sleeve themselves were in most
instances virtually unscathed. Thus,
where intumescent agents were used,
cook-off was prevented.

Me calltested for all po sible param
eters by alternating the variables, which
included different types of propellant
and sleeve material. In all instances, the
results were quite similar.

The MTL team also looked at differ
ent types of intumescent material. '!\vo
major brands, Interam, manufactured
by the 3M Co., and Eypel, put out by
Ethyl Inc., were used. Although both
did well, Interam, a sturdy rubber
matrix, performed best, providing
complete protection in every test.
Eype!, a lightweight foam material,
displayed structural problem during

initial tests but those problems
were partially solved with some
modification.

Mescail intensified this experiment
by removing the sleeve from the donor
propellant and increasing the amount
of it from one to 2.5 pounds. Still, the
protected sleeve and propellant were
unaffected by the flames or the heat
tbey generated.

In fact, the beat inside the protected
sleeves, as measured by "tempilables"
placed inside of the sleeves, never rose
above 200 degrees F., the lowest value
measurable with this technique. This is
very important because, even if the
propellant does not come in contact
with the flames, heat in excess of this
range could cause ignition.

Mescail and his team conducted the
second major experiment specifically
to measure heat resistance over time. It
involved exposing 6-inch by 6-inch
sheets ofaluminurn or steel, ofvarious
thicknesses, directly above the
1600 degree C. flame of a meeker
burner. ot surprisingly, the tempera
tures measured on the unexposed side
of the sheet - the side that would
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After Detonation
The unprotected sleeve. after the test. is shown ruptured. Next to it lies the unscathed
protected sleeve and the intact intumescent material. Beneath. the unburned propellant
from the protected sleeve is displayed.

When or even if this technology will
be incorporated into the MI09 is
uncertain, but the overwhelming evi
dence of its effectivenes hould bring
it into the field eventually. The cost for
protecting 36 propellant sleeves in an
MI09 would be quite modest,
according to Mescal!. Weighing the
tremendous benefits of this technology
against the possible cost in lives and
equipment, Mescall said, "We can't
afford not to do it."

MTL, in another portion ofthe effort
to suppor! CAWS, tested a new propel
lant, which would have made it
possible to dramatically extend the
howitzer's firing range. Unfortunately,
testing revealed that if struck by a
shaped charge jet, a bag of this new
6260 propellant would detonate. The
previous propellants would burn but
not detonate. The 6260, therefore, was
deemed too dangerous and had to be
dropped from consideration. Some
chemical adjustments will be made to
existing propellants, however, allowing
more moderate range increases.

The final pha e of MTL's support for
CAWS was conducted by the lab's armor
specialists. Through ballistic testing,
they determined, on a threat-specific
basis, how much Kevlar needed to be
added to the M109's armor to prevent
damage from fragmentation and spall.

Virtually no armor, however, can
keep a high-speed projectile or shaped
charge jet from getting through to the
propellant; thus using intumescent
materials is virtually the only way to
avert disaster in those instances.
Intumescent materials prevent cook
off. And on the battlefield, that will save
the M109 and similar vehicles from
de truction - and save the lives of
American soldiers as well.

MTL is the Army's lead laboratory for
re earch and development ofadvanced
materials and is part of the U.S. Army
Laboratory Command in Adelphi, MD.
and the U.S. Army Mar.eriel Command
in Alexandria, VA.

touch the propellant - were quite
high, reaching a range of 250 to 350
degree C. in just a few minutes.

When these tests were repeated with
intumescent material placed between
the flame and the metal, the tempera
tures on the unexposed side never rose
above 50 degrees c., regardless of time.
Again, Interam performed best, mainly

because it heat-protecting capacity
never diminished with time.

As part ofits redefmed mission, these
MTL engineers are harnessing technol
ogy pioneered in private industry.
Polymer scientists at MTL have been
working with similar materials for
several years, but never before in this
context.

Thepreceding article was written
by Chuck Paone, a public affairs
specialist at tbe u.s. Army Materials
Tecbnology Laboratory, Watertown,
MA. He holds a B.S. degree in
}ournalismfrom SuffOlk University,
Boston, MA.
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The MAM Course...

'TEACHING
THE LANGUAGE

OF MATERIE ACQUISITION'
By CPT (P) Tim Mischkofski

Bringing a new ystem from concept through fielding is
among the evolutionary changes occurring in the Army's
Materiel Acquisition Management (MAM) Course. Challenges
come as quick as you can say "LCSMM" - the Life Cycle
System Management Model.

The MAM Cour e is taught by the Army Logistics
Management College (ALMC), at Fort Lee, VA. Its primary
focus is to train mid-level managers for the Army's MAM
program, as prescribed by DA Pam 600-3. Commissioned
Officer Professional Development and Utilization.

Students arriving in FY 90 will see a new, more integrated
curriculum. Working in small groups (not unlike CAS3),

U.S. and allied students, both civilian and military, arefacing
new and more challenging course work directed by changes
in public law, surveys from field units, and input from major
commands.

•'The nine-week MAM Course is constantly changing. As a
recent example, the Operational Test and Evaluation
Agency (OTEA) and TRADOC Headquarters felt that we
needed more instruction on materiel and user testing in
the course. Also, TRADOC felt that we needed more hands
on instruction in requirements generation. We needed to
teach students how to write an Organizational and
Operational (0&0) Plan. So, we're implementing these

MAM HOURS OF INSTRUCTION·Figure 1.
-Note: Total

hours o(

instruction
= 245. Does'

not count
administrativa

time (i.e.,
examination/exam
critique, research

and study,
inprocessing/

critique and
graduation,

physical training,
and course

director's time,
which amounts to

about 106 hours
out of a total

course time of
about 351 hours.)

FINANCIAl/COST IIGT,
52

INTEGRATED LOG SPT
35

FUNDAMENTAL CONCEPTS
39

PRODUCTION MGT.
27

CONTRACT k1GT.
52

FORCE MODERNIZATION
18
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recommendation ," saysJoe R. EastJr., ALMC's MAM course
directOr.

The basic MAM Cour e, which last nine weeks,
encompa e 24; hours of instruction. The primary units
of instruction are grouped into: Fundamental Concepts,
tructures, and Policie of MAM (39); Re ear-ch, Develop

ment, Test and Evaluation (22); Financial/Co t Management
Techniques (52); Integrated Logi tic upport (35); Force
Modernization (18); Production Management (2 ); and
Comract 1anagemem (52) ( ee Figure 1).

"The ~lAM Course i de igned to teach the language of
materiel acquisition. It breaks the proces into eight
functional areas around which we build instruction and
student projects ( ee Figure 2). The key is to help the students
assemble knowledge of the functional areas through
integrating exerci es that tie in all pha e of the acquisition
life cycle," East added.

The currem course ha been in place since 1984 when the
six-week Project Manager Development Course (PMDC) was

panded to nine weeks. It is offered four times a year.
Because of the level of student interaction, there is no
corre pondence version. The majority of studems are Army
captains and majors. The remainder of the students are Army
civilians working in materiel acquisition jobs, officers from
olher services, and allied officers. With the increasing interest
in developing civilian materiel acquisition management
spe ialists, more Army civilian employees are expected in
future MAM course.

The ALMC MAM curriculum is designed to srand alone a
a basic acquisition course, but is also designed to be even
tually followed by the 20-week Program Manager' Course
offered by the Defen e Systems Management College (D MC)
at Fort Belvoir, VA, a DOD Ani ity.

As DOD policy recommending a professional track for
MAM is implemented, the FY 90 MAM Course load ha been
modified. Group projects on requirements generation and
financial management are already on line, with more changes
to come.

"Recently we received a copy of the MAM Occupational
ur ey Analysis Report prepared by the oldier Support

Center, National Capitol Region (SSC- CR) in July 1989.
Based on respon e from over 1,000 MAM officers, the course
fared pretty well, with some weakness noted in te ting and
requirements generation. We've already moved to shore up
those weaknesses and have in erted a budgeting exercise
developed by one of our Army Reserve mobilization
de ignees" said Eas\.

Early in 1989, President Bush challenged the services to
develop "a plan to improve the defense procuremem proces
and management of the Pentagon:' The resulting Defense
Management Reyiew examined efforts to implemeDl
"improvements em·i ioned by both the Packard Commission
in its reports and by Congre in the Goldwater- ichols
Defense Reorganization Act of 1986." The MAM Course
serves as an Army basic bUilding block in meeting the
presidem's challenge.

"The Army has been criticized about buying bad bolts,
mismanagement ofcontract and nOt doing logistics rraining
very well. But somebody in the Army had an awful Jot of
foresight to set in place a training program for research and
development and contracting specialists that ha come a long
way over the years.

"The plan of bringing an officer through the MAM Course
for their 'basic training: then giving him or her a three to
four year tour of duty in the MAM field, followed by the
Program Manager's Course, and then back to a MAM job,
makes a tremendou amount of sense," says East.

East added that the law says that the ervices need to give
their officers more acquisition experience before placing
them in project manager-type jobs. This includes
incorporation of MAM and training with industry tours.

"The MAM course put into perspective all of the thjngs
J learned in the Training With Industry (TWI) program at
BMY Combat Sy tern in York, PA," aid CPT Thomas P.
D'Alio, a recent MAM graduate. "Had I the opportunity to

Figure Z.

FUNCTIONAL AREAS OF MAM
• REQUIREMENTS GENERATION
• RESEARCH AND DEVELOPMENT
• TESTING
• CONTRACTING
• COST ESTIMATION
• BUDGETING
• LOGISTICS
• PRODUCTION
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attend the MAM course prior to TWl, my understanding of
the military-industrial acquisition process would have been
greatly expanded," he added.

Another factor in the increasing importance of formal
MAM instruction is increased interest among allied nations.
Korean, Jordanian, and Australian officers are graduates, and
japanese, Saudi Arabian, PhilLipine and Thrkish officers are
tentatively scheduled for future classes.

About 75 percent of AlMC's MAM course is taught by
MAM-dedicated instructOrs. Policy, Cost Estilnating, Testing,
Requirements Generation, Computer Support, and Con
tracting are presented primarily by MAM faculty. Expert guest
speakers and other ALMC faculty round out the instruc
tion load.

The evolutionary MAM course, challenging for students,
is also challenging for the MAM faculty as it attempts to weave
a single thread throughout the nine week program.

"The acquisition of a single weapon system as a course
instructional concept is not unique. Having gone through
a course that uses that idea, 1recognize it as a great learning
vehicle. At the PM Course, they had a 'System X,' at the
Ordnance Center and School, they have the 'Shoe Box'
exercise in which the students design and develop a simple
shoe box."

"What I want to do for this course is to develop a set of

comprehensive practical exercises built on the research,
development, testing and fielding ofasingle weaponsystem.
We've been working on this for about three years. When we
were tasked to put together exercises for a test design plan
and the '0 and 0' plan, we saw an opportunity to bring our
integrated exercise scenario on line," said East.

During 1990, AlMC plans to fully integrate all phases of
the MAM course around a single scenario, beginning with
the 0 and 0 plan, budgeting, and possibly a project sched
uling exercise using Logistics Planning and Requirements
Simplification Systems (LOGPARS).

For ALMC's MAM students, it's all in a day's work.
For information on the MAM Course contact; Com

mandant, U.S. Army Logistics Management College, ATTN:
AMXMC-ACM-MA, Fort Lee, VA 23801-6048, autovon
687-3364, commercial (804)734-3364.

CPT{P} TIM MfSHKOFSKf is assigned to the Us. Army
Logistics Cente1: He holds a 51 functional area, is a
recent graduate OfMAM, and is a member ofthe MAM
program. He holds an M.S. in management from
Hampton University.

MANPRINT
TRAINING ANNOUNCED

june 4-22
july 9-27
Aug. 6-24

Sept. 10-28

Student openings for the Manpower Personnel Integration
(MANPRINT) Staff Officer Course (MSOC) and MANPRINT
Senior Training Course have been announced. The purpose
of the MANPRINT course is to train military and civilian
personnel to integrate manpower, personnel, training,
human factors engineering, health hazards and system safety
considerations throughout the materiel development and
acquisition process. The three-week course is directed
toward action officers. The one-week course is directed
toward individuals who manage the acquisition process.
Participants are recruited from the Army Materiel Com
mand, the 1hlining and Doctrine Command, other services
and industry.

The MSOC is designed for active duty Army officers (03
and 04), warrant officers (CW2 through CW4), noncommis
sioned officers (E7 through E9), civilians (GS-09 through
GS-12) and industry representatives. 1)rpical attendees are
assigned or on orders to a combat development, training
development, materiel development, Department of the
Army staff materiel acquisition staff officer position, or
industrial assignment in a MANPRlNT functional area.

The FY90 schedule for the MSOC, which is taught at Fort
Belvoir, VA, is:

Jan. 22-Feb. 9
March 5-23
April 2-20

April 30-May 18

The MSTC is designed for TRADOC and AMC senior
leadership (GO/SES) positions, senior manage.rs of industry,
active Army officers (04 through 06) and civilians (GS-13
through GM-15) assigned to a combat development, training
development, or materiel development pOSition.

The cou.rse is hosted by a TRADOC or AMC activity. The
first day of the course is attended by TRADOC/AMC senior
leaders and their primary staff. The host commander and
counterpart commander lead the system workshop. They
emphasize MANPRINT implementation using actual system
development/materiel change/procurement examples for an
on-going (or recently completed) acquisition program at the
proponent agency/school (host command).

The FY90 schedule and location for the MSTC is:

Feb. 12-16 Fort Leonard Wood, MO
March 19-23 Picatinny Arsenal, NJ
April 16-20 Fort Huachuca, AZ
May 14-18 Fort Monmouth, NJ
June 18-22 Fort Lee, VA
July 23-27 Natick, MA
Aug. 20-24 Aberdeen Proving Ground, MD
Sept. 24-28 Warren, Ml

For additional information, please contact Mr. Ashley or
Dr. Engler at AV 221-3707/3709 or commercial (202)
325-3707/3709.
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Bomb Squad Robot
To Be Fielded Soon

The federal government has taken its share of lumps as the
result ofbig dollar projects and cost overruns. Little is heard
about instances of efficiency and ingenuity. Meet the EOD
robot.

EOD is the acronym for Explosive Ordnance Dispo al and
"rlJbot" in this case means a device resembling a miniarure
tractor. The events leading up to creation of the robot began
about two years ago when Army leadership saw an urgent
need for a remotely controlled machine which would be able
to search for, pick up and move suspected bombs without
endangering the operator. The concept was later changed
to include the capability to neutralize explosive devices as
well as examine and move them.

There were four procurements: the robot system, a tool
set, a system of wires and pulley called a hook and line kit,
and an explosive detector known as the "sniffer."

The robot system was procured competitively as an off
the-shelf item with no money allocated fol' research and
development.

Using commercially available parts, a relatively simple
device, powered by two wheelchair batteries, was built. Vir
tuallyall the components ofa 76 item tool set were in govern
ment inventory and needed only to be packaged at

Bomb Squad Robot System

the Rock Island Arsenal. The hook and line et, u ed to move
a bomb remotely and the explosives detector were also ob
tained off-the-shelf from private industry.

The first 72 robots were delivered to the Army early la t
year and are awaitingfieldingtoArmyEOD units around the
world. Additionally, the Marine Corps has ordered 15 robots
for use by its EOD teams. Delivery of the robots and other
items was accomplished in a comparatively short time and
at a total cost ofS3.7 million - a reduction from the original
authorization of S6 million.

For its money, the Army got a mobile robot equipped with
both color and black and white video cameras, an arm which
can reach its claw in all directions, acces ories which accom
modate an x-ray machine for observing what's inside a
package, a water disrupter to destroy a bomb's electronic
detonator and special tool to neutralize a bomb. The robot
is also being fitted with a 12-gauge shotgun which can be
used to open locked doors or desks. .

'!'he robot system weighs under 200 pounds, can climb
stairs or a 45 degree slope, stop, maintain its pOSition, and
resume the climb.

The separately packaged explosive "sniffer:' although not
part of the robot, may be used in conjunction with the system
or by itself. If all of these abilities fail to keep a bomb from
detonating, the remote control systems of the robot will keep
the operator well away from the explosion. Used on the radio
control mode, the unit has an operating range of up to 900
feet. The fiber optic control system has a range of 325 feet.

Experts Study
Camouflage Patterns

Have you ever asked yourself why the Army paim cam
ouflage patterns on vehicles and equipment but supplies tar
paulins, soft tops and cargo cover for the same equipment
in a slagle color green?

The Army's camouflage experts at the Belvoir Research.
Development and Engineering Center have been studying
this question for several years. By using modern computer
aided-design and computer-aided-manufacturing (CADI
CAM) techniques, it appears that a solution to this problem
is now available.

Applying three-color camouflage patterns to fabric com
ponents of vehicles is far more difficult than printing a
camouflage pattern on cloth that will be used to make Bat
tle Dress Uniforms (BDUs). The three-color patterns cannot
repeat like the four-color BDU pattern, and must match the
vehicle's painted pattern when the component is installed.

The only way to produce such a fabric component is to
use a computer-controlled printing or coating process. The
three-color pattern is fed into a computer, which then con
trols the printing or coatingofthe basic fabric. The end result
is a three-color camouflaged fabric component that will com
plement the vehicle's painted pattern and provide the max
imum camouflage protection for troops and their
equipment.

The center's counter surveillance personnel are working
with equipment managers across the Army Materiel Com
mand to modernize the fabric components of tactical equip
ment. Camouflaged soft tops and cargo covers will be in
troduced to the field in FY90 and beyond.
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Using Laboratory Robotics
In AToxic Environment

Routine testing and screening of military materials capable
of detoxifying and protecting the soldier against chemical
warfare agents require the use ofagentsimulams. Many such
simulant may be hazardous in their own right. Therefore,
an automated robotic test method that limits operator
exposure to toxic chemicals is desirable.

Former test methods used in the Special Projects Branch,
Science and Advanced Technology Directorate at the U.S.
Army Natick Research, Development and Engineering
Center, atick, MA, were labor-intensive. For example, they
required repetitive operations, such as transferring liqUids
and samples, injecting reactants into a gas chromatograph,
and recording the cOllcentration of detoxification product
or remaining simulallt.. .

Individual viaLs cOlltainillg the test materials are allowed
to react for varying periods of time. Gellerally, only one
ample at a time could previously be run during an eight

hour work day. Test materials are run ill plastic vials, sealed
to prevent vapors from escaping, in a fume hood.

To limit possible e;":posure of the analy t to toxic Liquid
and vapors, to increase precision of the time intervals, and
to eliminate the time constraints, a multisample robOtic test
sy tem was developed by engineering technician Raymond
Andreotti and Staff Sergeant Charles Woodbury. It features
two laboratory robots, dubbed "Mikey" and "Michelle."

The system, entirely endosed in a fume hood, uncaps each
ial, injects imulant into the vial, records the time, and

places e'.tch vial into a constant temperature bath for a preset
time period. The internal clock of the robotic system
continuously monitors the preset time period for each vial.
When the individual reaction time is over, Mikey removes
the vial from the bath, ullcaps it, and Michelle quenches the
reaction by adding solvent. Thevialis then placed on a rotary
shaker for two minutes to extract reactants from the sample.

If the sample requires centrifugation, then the rObots will
pipet out the sample into a centrifuge tube and spin it for
a set time. The sample is then pipetted into a 2 milliliter gas
chromatograph (GC). The robotic system sends a signal to
the GC to start, waits for the sample to be injected, then
removes the vial and places it into a vial rack.

During any idle time, such a when centrifuging or
chromatographing, the system checks the reaction time
clock of the remaining samples to determine if any are ready
to be quenched and, if ready, will proceed to quellch alld
extract samples.

All samples are handled identically umil they have all beell
injected into the Gc. Mikey and Michelle are indispensable
co-workers to Ray and Charlie in performing repetitive
kinetic analyses ofmaterials where each timed reactioll must
be precise, accurate and offer no exposure to toxic chemicals.
No human, no matter how diligent, could ever hope to meet
those challenges. Moreover, the robots often work long hours
of overtime, keeping accurate records of the time spent on
the tests, noting when they start work and hut down for
the day (the ultimate in flexitime-keeping).

The robotic sy tem is easily programmable to perform
other types of analyses since it can be interfaced with
instruments such as liquid chromatog.raphs, electronic
bala.nces and spectrophotometers. Programs are stored on
floppy disks by the system controller module and can be
easily updated to accommodate changing protocols.

The preceding article was written by Raymond E.
Andreotti, Special Projects Branch, Science and
Advanced Technology Directorate, U.S. Army Natick
RDE Center.

Breakthrough Revolutionizes
Radar Signal Processing

Using light and sound waves, the U.S. Army Strategic
Defense Command has developed a way to make radars that
see better and are almost impossible to jam.

As a radar searches for urgets, it is constantly bombarded
by thousands of electronic signals - communications
waves, jammers, civilian broadcasts, and even radiation
from space.

The problem for a strategic defense system is to pick Out
signals from the rest of the' 'electronic noise" that identify
incoming missile warheads. The system must then decode
and process the signal into information that a command can
use to decide how best to defend against the threatening
warheads. The commander must have access to target and
tracking infonnation quickly in order to engage the warheads
before they can reach their targets - at be t, only 15 to 30
minutes.

This task of finding the real target among decoys,
penetration aids, chaff and all the e other random-noise
ignals detected by radar, is similar to looking for a neeclle

in a haystack.
Just as a large diameter pipe can carry more water than

a mall diameter pipe, an ultra-wideband radar signal can
return larger amount of data from a target Object, which
helps make the identification process more reliable.
However, even the fastest of today's digital electronic
computer systems can't keep up with the glut that results.
Abreakthrough in radar Sigllal proce sing technology made
by the U.S. Army Strategic Defense Commalld promises to
make the ultra-wideband radar possible.

The key to this achievement is a high-speed, electro-optic
computer that uses laser light to simultaneously process and
pattemmatch random noise signa.l a fa t as they occur.
Rather than digital electronics, this acousto-optic process
uses the interaction of laser light and sound waves within
a crystal to process the signal.

How it Works
The interaction is accomplished by splitting a single laser

beam and using acouslO-optic technology to place the
pattern ofme radar's transmitted signal onto one beam and
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the pattern of the target return-signal that is received by the
radar onto the other beam, The two beams are merged and
a transparent acousto-optic crystal instantly detects the
distinctive pallern created by the target.

This ability to match or correlate random sets of signal
frequencies that have no set pattern is significant in that it
demonstrates that any rype of signal pallern can be
compared.

Using this technology, an electro-optic computer, built by
Dynetics, Inc., Hunt ville, AL, under contract with the U.S.
Army Strategic Defen e Command, can parallel-process
hundreds of these signal in one billionth ofa second. Thus,
this compact computer can perform the billions to trillions
ofoperations per second that would be required for a ballistic
missile engagement.

Neural Networks
According to the Strategic Defense Command's e1ectro

optics contract manager, Dr. Michael]. Dorsett, this research
into pattern recognition also may contribute to the
development of "neural networks" for artificial intelligence.
These are large interconnecting networks similar to the
human brain,

It is the high-speed parallel processing capability of the
electro-optic computer that will allow the implementation
ofsuch "neural" computer networks. These concepts may
provide the basis for continued research on a sixth
generation computer,

Ada Goes
to College

The U.S. Army Communications-Electronics Command
(CECOM), Fort Monmouth, N], has initiated a new policy
designed to aid universities in entering the world ofAda. Ada
is the computer software language developed by the
Department of Defense for use in all of its future software
applications.

Universities have been slow to initiate courses in Ada
because of the costs ofacquiring the software tools required
to support the educational process, most notably, compilers.
The COSt of Ada compilers can range into thousands of
dollars, a figure that universities with already tight budgets
have been reluctaDlto spend,

Recognizing the need to alleviate this burden on the
universities, CECOM recently implemented a policy directed
at providing universities with Ada compliers at no cost to
the schools, Under this policy any nonprofit institution of
higher education with a basic or applied research contract
from CECOM can legally acquire and retain title to Ada
compilers costing less than $5,000 each. The compilers can
then be used by the universities to support Ada courses and
Ada related training.

For further information concerning the Ada initiative,
contact Dr. MartinI. Wolfe, HQ, U.S. Army CECOM, AMSEL
RD-SE-AST, Fort Monmouth, J 07703-5000,

High-Temperature Engine
Passes NATO Test

Research at the U.S. Army Tank-Automotive Command
(TACOM) and the Indiana-based Adiabatics, Inc., hasresuIted
in the continued development ofa high-temperature diesel
engine which recently passed the North Atlantic Treaty
Organization (NATO) 400-hour engine endurance test.

This test is a standard laboratory test developed by the
United States and the i5 European nations comprising NATO
for use by all member countries. It is an accelerated
endurance test which allows engineers to determine the
suitability of engines for vehicle application.

initial engine development work which led to the
successful passing of the ATO test was previously
conducted in a "L\COM-Cummins Engine Co. effort that
resulted in the first vehicle test ofa high-temperature diesel
engine. The Adiabatics engine prototype, which also
completed a vehicle test that included 15,000 miles of
highway operation in an M8l3 5-ton truck is referred to as
a low-head-rejection diesel engine. Unlike a conventional
diesel, it uses high-temperature materials in the combustion
area, enabling it to reject less heat to the cooling system,
which does not use water.

Such an engine would offer several advantages over
standard water- and air-cooled power plants. For one thing,
it would eliminate the need for a radiator, water pump,
connecting hoses and cooling fan which means it would
occupy much less space and cUI vehicle weight. It would also
do away with cooling-system maintenance and repair,
thereby reducing overall vehicle life-cycle costs 'lnd
improving reliability and survivability. Moreover, it would
offer better vehicle fuel economy, by reducing parasitiC loads
that result from the operation of a cooling fan and water
pump in a standard engine.

The low-heat-rejection engine consists basically of the
Cummins NH in-line six-cylinder, 240-horsepower diesel
used in many of the Army's 5-ton trucks, However, the piston
domes and cylinder-head faces have a heat-resistant coating
consisting of zirconia impregnated with chrome oxide for
a seal coat, and the top piston rings and cylinder liners are
coated with chrome oxide for increased wear resistance,

For the ATO te t, the engine used a pedal synthetic
lubricant that remains stable in hot temperatures. According
to TACOM RDE Center engineer Ernest Schwar.l, who heads
the "L\COM-Adiabatics project, development ofthi oil was
the key to the engine's success in passing the test. "Oil has
always been the limiting factor in keeping an uncooled
engine running," Schwarz said. "It gets extremely hot in the
cylinder, and the heat causes conventional mineral oils to
decompose and to fail in providing adequate lubrication.
Ring sticking is the predominant mode of failure," But the
synthetic oil performed very well during the 400 hours,
according to Schwarz.

The low-heat-rejection engine demonstrated significantly
better fuel economy than that of its standard counterpart in
a vehicle. It encountered no problems throughout the
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NATO test and was found to be in excellent condition at the
end of the test.

Schwarz expressed optimism about the possible future use
of low-heat-rejection engines in vehicles. He noted that low
heat-rejection technology is also being pursued by the
Department of Energy in research with Cummins Engine Co.
and Caterpillar, Inc., for possible application to their
commercial engines. Therefore, he said, the likelihood of
this technology being used in future Army tactical vehicles
is quite high, since these vehicles use commercial eng.ines.

Schwarz also said that this type of technology is most
applicable to combat-vehicle engines. "It i being pursued
for use in the diesel-engine Advanced Integrated Propulsion
System (AlPS) now being developed for the next generation
heavy combat vehicles, where high power density
propulsion systems are required," he explained.

The preceding m-ticle was written by George Taylor;
a technical writer-editor for the U.S. Army Tank
Automotive Command.

Scientific and Technical
Threat Data on a PC

Introduction
The U.S. Army Intelligence Agency (AlA) produces fmished

Scientific and Technical Intelligence (S&TJ) on foreign
military sy terns that threaten U.S. forces. Typically,
customers use current and future weapon system capabilities
and recognition information to develop training material,
requirements documents, policy, and war plans. All of this
enhances the overall readiness of the U.S. military. While AlA
continues to support its customers through traditional
methods, it is now offering a new means of acquiring and
using threat S&TI: the Personal Computer Query Tool
(PCQT).

Overview
PCQT is a PC-ba ed product for viewing and querying

information on certain weapon systems. The system consists
ofcompiled data management programs and the parametric
data files for which AlA is responsible. The data in the initial
release have been entered by the U.S. Army Foreign Science
and Technology Center (FSTC), Charlottesville, VA.
Subsequent releases will include U.S. Army Missile and Space
Intelligence Center (MSIC), U.S. Air Force, and U.S. Navy data.

System Description
PCQT allows the S&TI customer to view an individual

weapon sy tem, compare weapon ystems side by side,
produce spreadsbeets ofparametric data and view graphics
and comments related to a weapon system. The query

capability will include searche for terms and parametric
values. Spreadsheet can be built and saved for reuse later,
merged to produce customized spreadsheets, or saved in
American tandard Code for Information Interchange
(ASCII) flat-file format to permit loading into word
processing or other oftware.

PCQT i designed to be easy to use. On-line HELP is
available from any pOint in the program. When HELP is
selected, the information on using that particular part of the
program will appear on the creen. The system permits
scrolling through the entire on-line HELP document.
However, with its window menus, highlighted function keys,
and choice of mouse or keyboard selection, the sy tern is
simple to use with little, ifany, assistance. The PCQT software
and data base tructure provides great flexibility.

The customer will receive an easy-to-install package
developed and written by FSTC and designed to run on a
standard Zenith-248 with Intel 80286 microprocessor, one
higb-density floppy disk drive, a 20-megabyte (minimum)
hard disk, and a color monitor with EGA or VGA graphics
card. Other configurations may also be possible since PCQT
runs on any computer that runs DOS.

How to Acquire pcqr
PCQT has been available since September of last year to

S&TI customers at approved facilities and with approved
docume.nt accounts. For further information concerning
PCQT, readers are encouraged to contact: U.S. Army Foreign
Science and Technology Center, ATTN: Plans and
Operations, 220 eventh Street, NE, Charlottesville, VA
22901-5396.

MTL Develops
New Adhesives Curing Process

The U.S. Army Materials Technology Laboratory, Water
town, MA bas developed a new polymer adhesive and
reinforced polymer compo ite fabrication process. The
proces allows polymer-ba ed parts to be cured by radiation
while simultaneou Iy being compacted in an autoclave-like
pressure environment, using a specially designed windowed
pressure vessel. The test vessel at MTL has a pressure range
of 0 to 100 psi.

This advance is applicable to two separate technology
areas where it shows particular promise: bonding laminated
optical device ; and processing polymer composite mater
ials. Currently, the Army and DOD rely heavily on botb these
technologies, with the number of applications growing
each year.

In laminated optical devices, "photo-curable" adhesives
(e.g., those that use radiation rather than heat for curing)
are often chosen for sensitive optical component applica
tions because the photo cure is es entiaUy a room
temperature cure. Curing at low temperature is desirable
because it minimizes expan ions and contractions that occur
during conventional thermal proce sing, which can destroy
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Test Vessel and Supporting Components: A) Vessel
Body; B) Windowed Coverplate; C) Inert Gas Supply
(Nitrogen); D) Vacuum Pump; E) Radiation Source
(Xenon Flashlamp)

the performance of sensitive optical devices through dis
tortion. Asecond reason for selecting radiation curing is its
potential for efficient production rates, with cure times
ranging from seconds to a few minutes, as opposed to hours
in many conventional techniques.

Because the adhesive bond line between optical layers is
inherently part ofan opticaldevice, the thickness and quality
of the bond line affects optical performance. Compaction
pressure, combined with the radiation cure, yields two
advantages. Thickness and quality of the bond line can be
more accurately controlled by adjusting the compacting
pressure. In addition, gaseous bubbles, which lead to voids
that cause optical distortions, are reduced or eliminated by
the compacting pressure on the liquid resin.

In the area of composite materials, thin (approximately
lI8-inch glass/epoxy-acrylate, photo-curable plates and
standard 250 degrees Fahrenheit thermal-curable, glass/
epoxy plates have been successfully processed in the test
vessel. The epoxy-acrylate plates, which used ultraviolet
(UV) rays as the curing radiation, were processed in about
three minutes. The 250-degree cure epoxy plates used
infrared (IR) rays as the curing radiation and were cured in

25 minutes. The preparation for cure was similar to that for
conventional processing. A pressure of 90 psi was applied
for compaction. The plates turned out as well as conven
tionally cured high quality auroclaved composites.

The test vessel is able to process small objects up to seven
inches in diameter. Currently the system is being modified
to allow use of radiations other than UV and lR, including
microwaves and ionizing radiations - pecifically,
accelerated electron beams and gamma rays. These tech
niques allow deeper penetration through compOSites and
dense solids, increasing the thickness limit of parts that can
be cured.

These important, growing areas oftechnology are already
deeply incorporated into military systems. With the devel
opment of this process, the Army and DOD have a new tool
ready to be applied to adhesive and composite processing
problems.

Engineers Enter
Joint Research Program

The U.S. Army Corps of Engineers will take part in 17
projects under a landmark research and development
program shared with the U.S. construction industry. Robert
W. Page, assistant secretary of the Army for civil works,
announced that the Corps will participate in the R&D
Productivity Advancement Research (CPAR) Program. The
Corps solicited proposals for the program early last year.
The new program builds on and benefits from the Corps'
existing $250 million per year research and development
efforts, and the capabilities of its 1,100 engineers and
scientists at six laboratories throughout the nation.

In announcing the selected projects, Page said, "1 am
extremely pleased with the number and quality of the
proposals we received. These will provide the initial work
that will develop the advanced technology this country
needs to increase productivity within its domestic
construction industry and to improve our ability to compete
world-wide. On the federalleve!, we expect to reduce costs
and realize savings in both civil and military construction,
and our work for other agencies."

The Corps received 145 proposals in response to its
request. The Corps' R&D laboratories screened the proposals
and recommended 4S of them to the CPAR Executive
Committee, composed of senior Corps officials. The
Committee selected 17 proposals for FY 89 funding.

The selected proposals cover a broad cross-section of
construction technology, including advanced materials and
construction methods, robotics, innovative information
management, and improved design methods. Industry
partners include construction and architect/engineer ftrms,
equipment and materials manufacturers, academic
institutions, non-profit organizations, trade associations and
state agencies.

The Corps will provide 52.732 million for the work, with
the industry partners contributing 57.075 million. The
average project length is two years.
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Cangiano said. She added that commanders in the grade of
0-8 and above, and their civilian equivalent, may approve
this award. It consists ofa medal, lapel pin, and a certificate
(DA Form 5655). The comparable military award is the
Meritoriou Service Medal.

The AchievemenrMedal for Civilian Service, now the fifth
highest on the list, falls directly below the Commander's
Award for Civilian Service. "It's presented for noteworthy
service or achievement. Again, appropriated fund and non
appropriated fund employees, both U.S, citizens and foreign
nationals, are eligible for consideration. Cornmande,rs at the
0-5 level and above, and their civilian equivalent, may
approve this award. It consists ofa medal, lapel pin and cer
tificate (DA Form 5454). The comparable military award is
the Army Achievement Medal," Cangiano explained.

She noted that the two new awards came into being from
a recommendation of the Army's Civilian Personnel Modern
ization Project that the system of awards for civilians be
aligned with that of the military. The alignment, she added,
is intended [0 maintain the integrity of higher-level awards,
increase tbe commander's opportunity to recognize
deserving employees, increase the opportunity for recogni
tion in the absence ofmonetary awards, and provide awards
tbat may be appropriately used to recognize retiring Army
employees.

For the nominating criteria and procedures for proces 
ing award candidates, commanders are encouraged to con
ult AR 672-20 (lncentive Awards), inclUding its interim

Change No. L04 (April 28, 1988).
"The certificates and decoration sets for the Superior

Civilian Service Award (DA Form 5655)and the Achievement
Medal for Civilian Service (DA Form 5654) are available
through normal supply channels." Cangiano concluded,

Cianciolo Becomes
AMC DCG for RD&A

Awards System
for Army Civilians

LTG August M. Cianciolo has assumed new duties as deputy
commanding general for research, development, and
acquisition, HQ, U.S. Army Materiel Command, following
LTG Jerry M. Bunyard's retirement from the Army.

Cianciolo is a graduate of Xavier University with a B.A.
in accounting and has an M.S. in aerospace engineering
from the University of Southern California. He has also
completed the basic course at The FieldArtillery School, the
advanced course at The Air Defense Artillery School, the U.S.
Army Command and General StaffCollege, and the U.S. Army
War College.

Cianciolo was formerly the commanding general, U.S.
Army Missile Command, Redstone Arsenal, AL. Other key
assignments have included deputy for systems management,
Office of the Assistant Secretary of the Army (RD&A), Wash
ington, DC; deputy director ofmateriel, plans and programs,
later deputy director of weapons systems, Office of the
Deputy ChiefofStafffor Research, Development, and Acqui
sition, Washington, DC; and project manager, StandoffThrget
Acquisition/Attack System, U.S. Army Electronics Research
and Development Command, Fort Monmouth, NJ.

Cianciolo is a recipient of the Distiguished Service Medal,
the Bronze Star Medal with "Y" Device (with two Oak Leaf
Clusters), the Meritorious Service Medal (with Oak Leaf
Cluster), Air Medals, the Army Commendation Medal (with
2 Oak Leaf Clusters), and the Master Army Avjator Badge.

This past April marked the first anniversary of a major
milestone in the Army 's incentive awards program. "Before
April 1988, wehad the equivalent ofonly the military Army
Commendation Medal to cover the large area between the
Legion of Merit and the Certificate of Achievement," explain
ed Sandra Cangiano in the Office of the Army's Director of
Civilian Personnel. "Creating two new awards, one below
and one above the Commander's Award, filled these gaps.
The awards criteria and approval authority were aligned to
make all of these awards comparable with their military
counterparts." she said.

The new Superior Civilian Service Award and the Ach ieve
ment Medal for Civilian Service gives the Army's civilian
populationaccess to five awards, ona par with the military's.
Here's how the awards line up in rank order: Decoration for
Exceptional Civilian Service, Meritorious Civilian Service
Award, Superior Civilian Service Award, Commander's
Award for Civilian Service, and Achievement Medal for
Civilian Service.

"The Superior Civilian Service Award is presented for
outstanding service Or achievement, and normally covers
a minimum period of one year of service. All appropriated
fund and non-appropriated fund employees, both U.S.
citizens and foreign nationals, are eligible for consideration,"
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The following correspondence was submitted to Army
RD&A Bulletin just prior to GEN Tuttle departing his former
assignments as commanding general of the US. Army
Logistics Center, Fort Lee, VA, and as deputy commanding
general for logistics, US. Army Training and Doctrine
Command. He is now commanding general of the US.
Army Materiel Command, Alexandria, VA.

~ A'TTe:NTIONcr

ATCL-CP

DEPARTMENT OF THE ARMY
UNITED STA.TES ARMY LOGISTICS CENTER

FORT LEE, VIRGINIA 23801-6000

MEMORANDUM FOR EDITOR, ARMY RD&A BULLETIN, 5001 EISENHOWER
AVENUE, ALEXANDRIA, VA 22333-0001

SUBJECT: Army Scientist Program

I. I read the article The Uniformed Scientist - An Uncertain
Future, RD&A Bulletin, July - August 19B9, by CPT Ralph G. Hay,
with great interest. His forthright assessment of the problem
and the need for scientists in the Army are well understood by
the senic~ lead~rs in the Army

2. Let me assure CPT Hay and his fellow "green suit" scientists
that their value to the Army is acknowledged and appreciated.
There is a solid commitment to create, resource and support a
viable career pattern for these valued members of the Army
community.

3. First, in late August, the Commanding General of TRADDC gave
the Commandant of the Command and General Staff College, in his
role as focal point for Leader Development, the charge to develop
an Army Scientist program. This effort will begin with the
establishment of a working group, including AMC and PERSCOM to
develop a management strategy. The group will also develop a
life cycle model to include an in-depth analysis and will report
to the Chief of Staff, Army on the best approach to recruitment,
education, utilization and retention of uniformed scientists.

4. Rest assured that as I prepare to take command of Army
Materiel Command, where 80 percent of the Army's scientists work,
the Army Scientist Program will be one of my highest priorities .

hldA~·G.
Lieutenant
Commanding

.J4-~
T. TUTTLE, JR.
General, USA
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