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Army Applications of Composite Materials

By Dr. Robert W. Lewis

One of the more radical depar-
tures from conventional military
operations in the past two dec-
ades has been the growing trend
toward air mobility and the re-
sultant tactical reliance on the
helicopter for troop and equip-
ment movement and support.

Implicit in this trend is the
need not only for lightweight and
cost-effective reliable helicopters,
but also for lightweight, cost-ef-
fective field equipment and mate-
riel to be borne by the helicopter.
Consequently, there is a eritical
need for materials offering high
strength and low weight for these
applications.

The Army has turned more and
more in recent years to the natu-
ral inheritor of this mission: fi-
brous composite materials. Not
only do these materials render
performance improvements over
conventional structural materi-
als, but equally important, their
lighter weight can result in sub-
stantial energy savings in mobil-
ity operations.

A composite material, general-
ly, is a combination of two or
more chemically distinet materi-
als with a distinet interface be-
tween them. Each constituent
performs a specific task enabling
the composite to carry out the re-
quired duties.

One of the materials is general-
Iy a reinforcing fiber or particle
and can be metallic (metal fibers),
ceramic (glass fibers), polymeric
(aramid), graphitie, or combina-
tions thereof. The matrix can be
metallic, ceramic or organic. Only
fiber reinforced organic matrix
composites will be considered
here.

Advantages of fibrous com-
posites that make them attrac-
tive for Army applications are
their very high specific strength
and stiffness, good fatigue resis-
tance, damage tolerance, corro-
sion resistance, design flexibility
and economics.

Per unit weight, composites are
the strongest and stiffest materi-
als commercially available today.
Fiberglass, aramid, and graphite-
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epoxy systems are two to five
times as strong as steel or alumi-
num, and the aramid and graph-
ite composites two to four times
as stiff.

Thus, substantial weight sav-
ings can accrue when composite
materials are utilized. This has
been repeatedly demonstrated
for aircraft applications where
weight savings from 10 to 40 per-
cent have been achieved.

Even more dramatic weight
savings have been shown feasible
in automotive applications. A fi-
berglass leaf spring and a graph-
ite coil spring, have been fabri-
cated by Graftek Division of Ex-
xon Enterprises, Ine. These
springs offer 50 to 60 percent
weight savings over their steel
counterparts.

Although the word “fatigue”
had apparently not been coined
at the time, engineers as early as
1854 recognized the superiority of
composite materials in fatigue re-
sistance. Speaking of the Wheel-
ing, VA, “iron” suspension bridge
that collapsed unexpectedly,
writers at the time submitted
that “by frequent changes of—
strain in iron, a certain distur-
bance of the particles takes
place—and suddenly—the very
same strain—it had sometimes
supported—will break it to
pieces.”

We now call that disturbance of
the particles fatigue. They fur-
ther suggested that ‘it would
seem more prudent to build—
with stone piers and wooden su-
perstructure.” Wood is a natural
composite material with ex-
cellent properties including good
fatigue life.

In fatigue-critical structures
then, composites offer significant
advantages over the more com-
mon structural materials. This
makes composites ideal for heli-
copters, which are really flying
fatigue machines, or for aggres-
sively dynamic applications such
as leaf springs or mobile assault
bridging.

Damage tolerance of com-
posites is one of their prime fea-
tures for military applications.
This has been dramatically dem-
onstrated with helicopter piteh
links.

For example, a composite glass/
graphite CH-47 pitch link with a
dual-load path structure, was fa-
tique tested for 1,033,000 cycles,
between 2,700 1b. compression
and 1,300 1b. tension. It was then
impacted under compression with
a .30 caliber AP projectile and
again cycled 1,009,00 times with
no visible degradation. Static
loading to failure resulted in a
breaking strength of 27,500 1b.,
significantly in excess of design
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requirements. A metallic coun-
terpart would have failed cata-
strophically under similar impact
conditions.

This property of composites,
coupled with their high fatigue
life, makes them ideal materials
for dynamic control components
in helicopters, for drive shafts
and for tracked vehicle torsion
bars.

Fiber reinforced plasties will
not rot, rust, or corrode. There
are resin systems available that
will provide resistance to almost
any corrosive environment from
salt water to nitric acid. This fea-
ture is a plus to the Army for sur-
face vehicle applications, espe-
cially as the rising acquisition
cost of a vehicle demands a longer
lifetime of the vehicle.

Use of composites allows the
degigner to form any shape he
may desire, simple or complex,
large or small. It is this flexibility
that results in such smooth, ap-
pealing lines on fiberglass boats
and cars and also allows modular
modifications of equipment at
minimum expense.

Another aspect of design flexi-
bility is the anisotropy of the ma-
terials and the consequent capa-
bility of putting the fibers only in
the direction of the applied loads.
This allows design and construc-
tion of extremely weight-efficient
structures. This advantage, how-
ever, is a 2-edged sword.

Putting the fibers where you
want them may mean not having
them where you need them. Con-
sequently, detailed stress analy-
sis, often using complex computer
codes, is much more important
for composites than for metals. In
addition, building the most
weight-efficient structure may
mean costly processing tech-
niques, for example hand layup,
which may be cost effective for
certain aerospace applications,
but certainly not for surface ve-
hicle use.

The ability to tailor a composite
includes another advantage—hy-
bridization, or the combining of
two or more fibers in the same
laminate. This enables the use of
lower cost fibers to enhance spe-
cific properties. For example,
glass/graphite hybrids can be
used, as in the helicopter pitech

link, with the inexpensive glass
supplying strength, impact resis-
tance and damage tolerance, and
the more expensive graphite con-
tributing stiffness and fatigue re-
sistance.

Through parts consolidation,
less handling and finishing, and
moderate tooling costs, the con-
struction of items from composite
materials results in decreased
production costs. A single fibrous
composite structure can replace
an assembly of many metal parts
and associated fasteners and
does so using one tool and little
machining.

Assembly and handling times
can be drastically reduced, and
painting can often be eliminated,
since color can be molded into the
composite for long-lasting effects.

Operation and maintenance
costs of composite items are also
sharply reduced. Longer fatigue
life results in fewer parts being
worn out, while corrosion resis-
tance reduces the need for pre-
ventive maintenance and paint-
ing.

From an economic standpoint,
one of the premiere advantages
of composite materials is the en-
ergy savings that can be realized.
Considering petro-chemicals as
the feedstock for the resins in
composites and the fuel to pro-
cess both metals and composites,
it has been shown that the pro-
cessing of composites can con-
sume considerably less energy
than metals for the same appli-
cation.

The shaded area in Table 1 rep-
resents the manufacturing ener-
gy for an automobile hood. The
composite hood uses 40 percent
less energy than the steel hood
and 60-70 percent less than the
aluminum hood. When the gaso-
line required to drive that hood
for five years is taken into consid-
eration (unshaded area in Table
1), the dramatic potential for ener-
gy savings from using composites
is evident.

Despite the many advantages
of fiber reinforced composites,
there must be limitations or we
would see much more Army us-
age today. The most notable limi-
tations are thermal stability,
flammability, confidence in their
use and, of course, cost. However,
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as discussed earlier, composite
components can be made less ex-
pensively than metal ones, par-
ticularly if life cycle costs are con-
sidered.

Thermal stability of resins cur-
rently available for composites
processing allows extended serv-
ice temperatures of up to 500° F.
These are generally expensive
resins such as polyimides and
polyphenylene sulfides. The more
commonly used epoxies and poly-
esters have extended service
temperatures in the 300° F range
limiting their use in some areas.

Considerable research is cur-
rently underway by DOD, NASA,
and industry to find heat resis-
tant, economical resins. Heat in-
stability does not present a seri-
ous problem for most military ap-
plications.

Engines and exhaust systems
are currently beyond the state of
the technology for composites use
but even components in close
proximity to an engine can be
fabricated from composites
through proper choice of resin.
This is evidenced by the polyester
distributor caps on most automo-
biles today.

The resin in organic matrix
composites under the right condi-
tions can burn. Consequently,
proper resin selection is vital to
reduce the potential fire hazards.

Government research, notably
by NASA, Navy, the Army Mate-
rials and Mechanics Research

TABLE 2
ARMY APPLICATION OF COMPOSITE MATERIALS

® AIRCRAFT

Rotor Blades
Drive Shafts
Transmission

Flight Controls
Landing Gear
Fuselage
@ MISSILES

Rocket Motor  Fins

Launcher
® BRIDGING

Trusses Beams

® VEHICLES

Body Drive Shafts
Frame Suspension System

Wheels

@ LIGHTWEIGHT WEAPONRY

Stiffeners
Gun Barrels

® PROTECTIVE MATERIALS

Armar
Tank Liners

®PIPING AND STORAGE CONTAINERS
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Center (AMMRC), and the Air
Mobility R&D Laboratories, is di-
rected toward minimizing the
flammability of composites and at
developing char-forming resins.
For most potential Army appli-
cations, flammability is not fore-
seen as a limiting factor.

Lack of user confidence in com-
posite materials is primarily the
result of unfamiliarity rather
than any particular failure on the
part of components. The lack of a
performance data base under en-
vironmental extremes contrib-
utes to this unfamiliarity. In-
deed, it is to establish this data
base that much of the current
DOD 6.2 RDT&E budget for com-
posites is directed.

The recent emergence of re-
liable quality control inspection
methods, developed by AMMRC
and the Air Force Materials Lab-
oratory, has done much to dispel
many users’ reluctance to accept
composites. As more and more
composites are fielded, this reluc-
tance will further dissipate.

As might be anticipated, due to
the many advantages of fibrous
composites, the range of potential
applications is quite large and
varied. A few of these are listed in
Table 2. Due to the early very
high cost of fibers (> $200/1b. for
graphite), composites were first
used only for aerospace appli-
cations and strategic missiles.
Consequently, the first Army ap-
plications were for helicopters.

An article in the January-Feb-
ruary 1976 Army R&D News-
magazine detailed the potential
for composites in rotor blades and
airframes. Many of the prognos-
tications have come true. Com-
posites are being used in rotor
blades for CH-47, Black Hawk,
AAH, and AH-1 IMRB. It is cur-
rently believed that the Army
never again will design an all-
metal blade.

Prototype development is un-
der way in composite tail booms.
More recently the Army has un-
dertaken the Advanced Com-
posite Airframe Program
(ACAP), designed to maximize
composite utilization in helicop-
ter fuselages. Secondary strue-
tures are being fabricated, pri-
marily from glass and aramid, for
the Black Hawk and Sikorsky’s

January-February 1980

COMPONENT
TORSION BAR

WEIGHT
105 LB

DRIVE WHEEL 413 LB

AND SPROCKET

SUPPORT ROLLER 22 LB

ROAD WHEEL
IDLER

105 LB

TRUCK WHEEL

END CONNECTOR

TABLE 3
RESULTS - DESIGN STUDY

NOT FEASIBLE, 60%
REQUIRES 56% IN DIAMETER
EXCEEDS TANK ENVELOPE

ALL COMPOSITE GRAPHITE
EPOXY

COMPRESSION MOLDED GLASS
FIBER

STRUCTURALLY FEASIBLE,
GLASS/GRAPHITE/EPOXY
TAPE NOT PRACTICAL

AS-GRAPHITE TAPE RIM,
S-GLASS MOLDED HUB

STRUCTURALLY FEASIBLE,
REQUIRES CHANGE IN PIN
ATTACHMENT, DURABILITY
UNKNOWN

WEIGHT

ANALYSIS SAVING

latest commercial model, the S-
76. Thus, composites are being
used in helicopters.

But what of the other com-
modity areas? In the tactical mis-
siles area, the Army has been us-
ing fiberglass launch tubes for
quite some time. One example is
the forward tube of the M-72
LAW (Light Antitank Weapon)
launcher. The replacement for
the LAW is currently under de-
velopment by the U.S. Army.
Nicknamed the Viper, the new
weapon uses extensive amounts
of composite materials (see front
cover).

Although slightly heavier than
LAW, Viper has a much greater
probability of hitting the target
at greater ranges than its prede-
cessor. The Viper uses an all fi-
berglass launcher and will have
the first “manrated” fiberglass
motor.

Although composite rocket mo-
tors have been used in defense of
the country since the days of Po-
laris, no previous motor has had
to be “manrated.” The probabili-
ty of catastrophic failure which
would harm the gunner is equiva-
lent to that imposed on car-
tridged munitions.

The motor used in Viper is a fil-
ament wound S-2 glass/epoxy

construction. Each bottle is sub-
jected to a high level proof test.
During the development phase of
Viper no failures attributable to a
pressure overload of the motor
have been observed.

When fielded, the Viper, al-
though relatively small, could
represent the largest single use
of composites to date in the Army
because of the anticipated num-
bers of weapons slated for the in-
ventory.

Bridging is another area where
composites can be effectively
used either to save weight or im-
prove performance. Currently
under development at AMMRC
and MERADCOM are concepts
for employing high modulus com-
posites in the traversing beam
and bottom chord of the main
bridge section.

An all-composite traversing
beam could weigh as much as 50
to 60 percent less than its alumi-
num counterpart, and with in-
novative fabrication methods it
could also be no more costly. The
selectively reinforced bottom
chord would weigh about half as
much as a structurally equiva-
lent aluminum member. Its field
ruggedness will be evaluated in
the coming year. A prototype
traversing beam will be fabricat-
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ed and evaluated within the next
two years.

It is in the area of ground vehi-
cles, however, that the greatest
volume of composites may ulti-
mately be used by the Army. Just
as Detroit is turning more and
more to composites to reduce the
weight of commercial vehicles, so
will the Army.

In addition, composite materi-
als can significantly reduce corro-
sion and when judiciously com-
bined with metals ecan increase
ballistic resistance, decrease vul-
nerability to mine blast, while of-
fering substantial weight sav-
ings.

Incorporation of nonmetallic
materials in newly designed road
wheels and track shoes has re-
sulted in substantial improve-
ments in resistance to mine blast.
The internal structure of the
wheel consists of radial support
rings encapsulated in a non-
metallic material. Under load,
this structure deforms initially at
a single point that is tangent to
the outer rim and the inner ring.

Under continued load, both the
rim and the ring deform such
that the area of mutual contact
continuously increases. Because
this contact area is changing con-
tinually during loadings, struec-
tural discontinuity does not oceur
at a single point. Thus the veloc-
ity gradient is spread over a
wider area. '

Use of one roadwheel per sta-
tion, instead of the present dual
roadwheel, reduces the area ex-
posed to the blast, thus mini-
mizing the debris projected after
detonation of an explosive
charge.

In blast damage test comparing
the new mine hardened suspen-
sion with that of the current M60
tank suspension damage to the
new suspension consisted of the
loss of three non-metallic shoe
bodies. The damage to the M60
suspension was quite extensive:
the track was completely severed,
and a set of dual roadwheels was
lost.

Recently, AMMRC completed a
program designed to determine
the feasibility for incorporation
of fiber-reinforced components on
Army tracked and wheeled vehi-
cles. Selected components on the

M-60 (see outside back cover) and
a 5-ton Army truck wheel were
analyzed for load and component
envelope requirements. The re-
sults are shown in Table 3.

Weight savings up to 69 percent
can be achieved. It should be
noted that while the torsion bar
is not feasible for the M-60 due to
physical envelope constraints,
composite torsion bars could be
feasible in the next generation if
designed simultaneously with the
vehicle.

The end connector link for the
M-60 provides a good example
both of the advantages and prob-
lems with composite materials.
The composite link, consisting of
fiberglass wrapped over an alu-
minum mandrel, proved structur-
ally feasible and offered weight
savings of 69 percent over the
current link, corresponding to
two percent of the gross vehicle
weight.

Manufacturing costs were esti-
mated at $3.25 per link if E-glass
used and $4.34 if S-glass used,
compared to $3.50 per steel forged
link. The problem is, the link can-
not be directly substituted for the
steel link. The pin attachment
must be modified. This again
points up the necessity for consid-
ering composites when initially
designing a vehicle, rather than
considering component sub-
stitution at a later stage.

Another area where composite
materials can effectively be used
both to save weight and to in-
crease performance is in large
caliber weapons systems.
AMMRC has recently demon-
strated the feasibility of using fi-
brous composite materials to re-
inforce a barrel extension of a
Tomm gun. Increased accuracy
and a reduction in round dis-
persion were the goals.

Test firing results showed that
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the average dispersion for the
composite extension was one-
third that of the all-metal exten-
sion while offering 15 percent
weight savings.

High temperatures currently
limit somewhat the extent to
which organic matrix composites
can be used in large caliber weap-
on systems, but carbon-carbon
composites could do the job.
These latter materials have been
limited to missile, reentry ve-
hicle, and aircraft brake appli-
cations due to their very high
cost.

Recent breakthroughs in man-
ufacturing costs, however, augur
feasibility in many additional ap-
plications. The next phase in the
gun barrel work, then, will be to
incorporate these materials so
that composites can be used
throughout the entire barrel
length.

Composite materials, then,
have a great deal of potential
throughout the entire Army com-
modity spectrum. That accept-
ance has been slow is under-
standable. DARCOM RDT&E ef-
forts, such as study of moisture
effects, nondestructive evalua-
tion and inspection, flammability
reduction and repairability, how-
ever, have been designed to over-
come users’ reluctance to accept
composites by establishing the
data base necessary to support
the long term usage of composites
in the field.

DARCOM MMT programs have
reduced manufacturing costs so
that composites are being used in
aircraft and missiles. Analogous
efforts in other commodity areas
likewise will result in composite
usage in tanks, trucks, bridging,
weaponry, electronics and field
support equipment. The future of
composites in the Army is bright
indeed.




Army Mobility Fuels in the Twenty-First Century

By Dr. James V. Mengenhauser

Mobility fuels are defined as
those intended primarily for use
in aircraft, watercraft, and land
vehicles; secondarily in other
equipment such as generators,
stoves, and utility modules.

Why does the Army need to
worry now about the fuels it will
be using in the next century? Just
assume, for example, that a re-
quirement for a new vehicle is ap-
proved in 1980. The new item
spends 10 years in development
and is fielded in 1990.

The vehicle then stays in Army
inventory for 20 years and is re-
moved from service in 2010. This
means that fuel requirements for
equipment now on the drawing
boards must be projected 30 years
into the future!

Projection of fuel requirements
into the future is risky business
at best. A complex and inter-
acting array of factors can affect
future fuel supplies—geopolitical,
economic, environmental, regula-
tory, and technological,

In spite of these uncertainties,
one can make reasonable esti-
mates of which future fuels are
most likely to be used. For the
foreseeable future, liquid hydro-
carbons will be the fuels of choice
for Army use.

Although future fuels won’t
look vastly different from those
today, they will differ greatly in
the way they are produced and
refined. Nevertheless, they must
perform well enough in military
equipment to insure that combat
readiness is maintained.

The most likely resources for
future fuels are those which are
most abundant in the U.S.—oil
shale, coal, and biomass. Another
resource, tar sands, is abundant
in this hemisphere and large de-
posits are located in Canada and
Venezuela. Smaller, but possibly
exploitable quantities, are located
in Utah and New Mexico.

U.S. petroleum production has
been declining for several years
and, barring discovery of any ma-
jor new oil fields, will probably
continue to do so as our oil depos-
its are depleted. Worldwide petro-
leum production, on the other
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hand, is still increasing ans has
thus far allowed the U.S. to aug-
ment its declining production
with increased imports. However,
when worldwide production
peaks and begins to decline, im-
ported oil will become increas-
ingly scarce or not available.
The date when world petroleum
production begins to decline is
subject to many uncertainties,
but a reasonable estimate is 1995,
give or take a few years. This
means that the U.S. must develop
a major synthetic fuel industry in
the next 20 to 30 years if our stan-
dard of living is to be maintained.
il shortages are not new to the
U.S. In 1832 whale oil sold for 23
cents per gallon. The whaling in-
dustry was crippled by the Civil
War and prices rose to $1.85 per
gallon by 1865. Many small oil
shale companies were also oper-
ating in the Eastern U.S.
However, the discovery of “Col-
onel” Drake’s Pennsylvania oil
well in 1859 led to development of
a new industry. In a few years
cheap petroleum had driven the
price of whale oil back to its 1832
level and most of the oil shale
companies out of business.
Discovery of huge oil shale de-
posits in the West was accom-

plished quite by accident. In 1882,
a homesteader in Rio Blanco
County, CO, named Mike Calla-
han, built an impressive new log
cabin and decided to have a
housewarming for his neighbors.

When the Callahan’s guests ar-
rived he built a fire in the fire-
place he had crafted with native
stone. Shortly after the fire was
lit, the fireplace itself caught fire
and the entire cabin quickly
burned to the ground. Callahan’s
fireplace had been built of oil shale.

The extent of Callahan’s discov-
ery wasn’'t known until much later
when the U.S. Geological Survey
estimated the U.S. oil shale re-
serves at 2.2 trillion barrels. If
one-third of these deposits could
be recovered, it would be enough
to supply oil needs of this country
for a century at the present rate
of consumption.

In 1944, Congress, anticipating
an oil shortage due to the tremen-
dous fuel demands of World War
II, passed the Synthetic Liquid
Fuels Act. This Act led to the con-
struction and operation of the
Anvil Points Oil Shale Demon-
stration Facility by the U.S. Bu-
reau of Mines. Pilot plants were
operated at the facility from 1950
to 1955. A number of other gov-
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ernment-supported research or
demonstration facilities have ap-
erated since then.

Compared to other sources of
synthetic fuels, oil shale offers
the best possibility for near-term
production of mobility fuels.
About two-thirds of the world re-
serves are located in the U.S. and
several types of extraction tech-
nology have been developed.

Although little or no shale oil is
being produced commercially in
the U.8S., it is now being produced
at two locations in China and in
Estonia in the U.S.S.R. Com-
mercial production of oil from
shale dates back to 1838 in
France and 1850 in Scotland and
continued for over a century,
finally ending in the 1960s.

At various times between 1850
and 1950, oil shale industries
were also operated in Australia,
Sweden, Spain, South Africa, and
Germany. During World War 11,
both Germany and Japan made
use of shale oil to help meet war-
time needs. Japan had no depos-
its of her own, but used resources
conquered in Manchuria. All of
these industries in general were
operated with some form of gov-
ernment support such as subsi-
dies or tax exemptions.

Even though the properties
and composition of crude shale oil
differ in several important re-
spects from petroleum crude,
modern refining technology can
be successfully applied to shale
oil. U.S. erude shale oil contains
about two percent nitrogen, a
much higher amount than petro-
leum crude, and a moderate
amount, 0.7 percent, of sulfur.

Crude shale oil is a heavy, vis-
cous oil with a high pour point
and is thus unsuitable for pipelin-
ing. One way to solve this prob-
lem is through hydrogen treat-
ment to upgrade the crude near
the retorting site.

This process reduces the
amounts of nitrogen, sulfur, and
oxygen compounds to levels
which are acceptable to conven-
tional petroleum refineries. It al-
so decreases the viscosity and
pour point to permit pipelining.
Once the upgraded crude shale oil
reaches the refinery, it can be
processed in a variety of ways to
yield gasoline, jet fuel, diesel fuel,

and low-sulfur fuel oil.

Army research on shale-de-
rived fuels has been limited in the
past by availablility of test fuels.
However, availability of much
greater amounts of shale fuels is
anticipated in the next few years
to enable the Army to qualify its
aircraft and vehicles to operate
on these fuels.

Future plans call for AVRAD-
COM to qualify aviation equip-
ment of shale-derived JP-4. Quali-
fication of diesel-powered equip-
ment will be performed jointly by
three organizations, MERAD-
COM, TARADCOM, and TAR-
COM, with MERADCOM funec-
tioning as the lead.

For two reasons, only limited
tests are planned for shale gaso-
line. First, the tactical fleet is pri-
marily diesel-powered. Second,
production of gasoline from shale
crude requires additional hydro-
cracking and reforming treat-
ments beyond that required for
jet and diesel fuel, resulting in
additional cost. Gasoline is there-
fore not expected to be a major
product from oil shale in future
commercial operations.

Development of fuel specifica-
tions will be a major part of the
shale fuel qualification program.
As engine tests and fleet tests
progress, specifications will be
modified to accommodate fuel-re-
lated problems unigque to shale
fuel. Particular attention will be
given to thermal stability, stor-
age stability, low temperature
fluidity, additive response, and
engine deposits. Fleet tests will
be conducted at locations provid-
ing a range of climatic conditions.

Another potential resource for
production of future fuels is coal.
The U.S. has abundant reserves
of coal, estimated at 1.6 trillion
tons. The amount of producible
coal in the U.S., defined as seams
thicker than 14 inches, not deeper
than 3,000 feet, and assumed to
be 50 percent recoverable, is esti-
mated at 750 billion tons and rep-
resents about one-third of the
world total of producible coal.

Coal can be processed in a vari-
ety of ways to yield combustible
gases, heavy fuel oils, lighter hy-
drocarbon liquids, or methanol.
Gases and heavy fuel oils are not
suitable for mobility fuels in pres-
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ent Army equipment although
limited research has been con-
ducted with direct use of crude oil
as a field emergency diesel fuel.

Methanol can be used in fuel
cell powered equipment, but the
demand from these items is only
a small fraction of total Army re-
quirements. The lighter hydro-
carbons from coal are high in aro-
matic compounds and make good
gasolines, but poor diesel fuels
and jet fuels. This is because the
aromatics have the effect of in-
creasing octane numbers, but
depressing the cetane number
when they are present in fuels.
Aromatics also affect the flame
radiation and luminosity proper-
ties of jet fuels which impacts
turbine combustor durability.

Methanol from coal, either
alone or blended with gasoline,
has been proposed as a mobility
fuel. Use of pure methanol in gas-
oline engines would require ex-
tensive changes in the carbure-
tion and intake manifold systems
to compensate for a much dif-
ferent fuel-air ratio and heat of
vaporization than gasoline.

There are other drawbacks to
pure methanol. The fuel tank
would have to be twice as large to
get the same vehicle range as
with gasoline because of the
lower heat content per gallon of
methanol, and starting in cold
weather would be more difficult.
Material changes would also be
required in the fuel system due to
the solvency and polarity of alco-
hol vs. gasoline.

Engine tests performed at the
U.S. Army Fuels and Lubricants
Research Laboratory (AFLRL)
for the Department of Energy in-
dicate that pure methanol causes
much higher wear rates than gas-
oline, especially at low temper-
atures. AFLRL is working to de-
fine the extent of this problem
and to develop lubricants which
will minimize wear and be com-
patible with alcohol fuels.

Gasoline engines will burn
blends of to 10 percent methanol
in gasoline. Those blends will tol-
erate only 0.05 percent water be-
fore phase separation and pre-
cautions must be taken to keep
water out of the system.

Production of gasoline and oth-
er fuels from coal has been tech-
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nically feasible for many decades.
Germany produced much of her
fuel synthetically from coal dur-
ing World War 1I. The only coal
liquification plant now operating
commercially is in the Republic of
South Africa where 10,000 bar-
rels per day are produced. A new
plant with a capacity of 40,000
barrels per day is on the way and
plans call for more than double
that in the future.

When new plants (which, in-
cidentially, are U.S.-designed)
come on stream, they will provide
40 percent of South Africa’s mo-
tor fuels. When synfuels from
coal become available in the U.S.,
the Army will conduct equipment
qualification tests on these fuels
similar to those outlined for the
shale synfuels.

Fuels can be produced from bio-
mass by several methods, fer-
mentation, pyrolysis or indirect
liquification from gasified prod-
ucts. Of these processes, fermen-
tation to ethanol is by far the
most popular. Gasohol, a blend of
10 percent ethanol in gasoline,
was sold in a few areas of the U.S.
in the 1930s before it died out and
re-emerged in the 1970s.

Although Gasohol may not be
as important in the long run to
the Army as shale synfuels, it has
a de facto priority because it can
be available commercially right
now and shale fuels are not.

The Army’s Gasohol test pro-
gram was officially launched on
13 December, 1979 at MERAD-
COM when Secretary of the Army
Clifford Alexander took the first
ride in a Gasohol-powered jeep at
the kick-off ceremony. Test plans
call for initial operation of all
MERADCOM gasoline vehicles
on Gasohol.

The program will later expand
to include test fleets of tactical
equipment at Fort Lewis, Red
River Army Depot, Letterkenny
Army Depot and Fort Belvoir.
Test procedures and results are
being coordinated with other reli-
ability fleet tests under way by
the Department of Energy and
other state governments.

Items of interest to the Army
during these tests include drive-
ability and performance, fuel
economy, phase separation be-
cause of water contamination,
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possible clogging of fuel filters
due to increased solvent action of
Gasohol, effects of Gasohol on
elastomeric components, and ef-
fects on lubricants.

Two types of specialized fuels
may also come into use in the fu-
ture—fire-resistant fuels (FRF)
and high-energy fuels (HEF).
FRF is a blend of 84 percent die-
sel fuel, 6 percent emulsifying
agents, and 10 percent water in-
tended for use in combat.

FRF has undergone extensive
laboratory engine testing and no
unusual engine deposits or wear
were found. When burned in a
diesel engine, FRF yields about 7
to 10 percent less power because
of the reduced volumetric heat
content of the fuel when the wa-
ter is added.

However, full engine power can
be restored by readjusting the
fuel delivery system to deliver
slightly more fuel to compensate
for the water. Laboratory and
ballistic tests with incendiary
projectiles have demonstrated
that FRF is self-extinguishing
even when the FRF is heated
above its flash point and ignited.

High-energy fuels are those
with at least 10 percent more en-
ergy per volume than convention-
al petroleum fuels. Chief uses of
HEF are in applications where
the volume available for fuel is
limited. Several of these can-
didate fuels have undergone labo-
ratory testing and work is contin-
uing in this area.

Another classification of fuels
that may be seen in the future
are broadcut fuels. These are
fuels with a wide boiling range,
say 100° to 700° F, which require a
minimum of refining, and would
require development of new en-
gines without limiting octane or
cetane requirements.

One type of engine which could
burn broadeut fuel is the direct-
injected stratified charge (DISC)
engine, which has been under de-

velopment for some time by in-
dustry. If DISC engines, which
approach the diesel in thermal ef-
ficiency, become widely available,
it will become advantageous for
refiners to produce broadcut fuel
to minimize refining costs and get
the maximum amount of fuel
from each barrel of crude.

Widespread consumption of fos-
sil fuels over the years has pro-
duced two environmental effects
which may restriet fossil fuel con-
sumption in the next century.
One of these effects is the steadily
rising levels of carbon dioxide in
the atmosphere, which some sci-
entists feel may lead to climatic
changes because of the “green-
house” effect.

So far, no measurable long-
term temperature changes have
been detected above the normal
year-to-year fluctuations, but an-
other decade or two of data may
answer the question. The other
effect is an increasing trend in
the acidity of rain, probably from
increased levels of carbon, nitro-
gen, and sulfur oxides in the at-
mosphere.

To summarize, Army mobility fuels
in the next century will still be pri-
marily hydrocarbons, but with some
of the fuel coming from shale or coal
syncrudes. Oil shale will be used as a
source of jet fuel and diesel fuel,
while coal will be a source of some of
the gasoline.

Gasohol will be used whenever fer-
mentation ethanol is in good supply.
Development of the DISC engine will
lead to the use of broadeut fuels.
Fire-resistant fuel and high-energy
fuels will be used for special applica-
tions.

To project the availability of these
future fuels on a time frame basis,
an “Army Mobility Fuels Scenario”
has been developed and is shown in
the accompanying chart. This sce-
nario is based upon engineering
judgment, eurrent and projected
technological developments, and
project future fuel policies. Its de-
velopment evolved in an attempt to
provide engine/hardware developers
}Vit{l guidance as to future types of

uel.




Interview With Former ASA (R&D) Norman Augustine

Interview With
Norman R. Augustine
Vice President
for
Technical Operations
Martin Marietta
Aerospace

Mr. Norman R. Augustine, Vice President for
Technical Operations, Martin Marietta Aerospace,
was interviewed recently by Army RDA Maga-
zine. Augustine has corporate responsibility for re-
search, engineering, advanced programs, logistics
and capital expenditures. He is a member of the
Board of Directors of International Laser Systems,
Inc. A former Under Secretary of the Army and As-
sistant Secretary of the Army (Research and Devel-
opment), and later Under Secretary of the Army, he
provided some very frank responses to a broad range
of questions.

Q. Some people contend that industry is more effi-
cient than government in carrying out its R&D pro-

grams. Others believe that the opposite is true. Since
you have served in high level positions in both areas,
what is your view?

A. It is necessary to define, when one says “gov-
ernment,” what part of the government one is talk-
ing about. For example, in spite of the criticism that
the Defense Department regularly receives in the
media, I believe that most impartial observers
would agree that the DOD is, in general, a superbly
managed large organization. I've even seen where
Senator Proxmire has, on occasion, said the DOD is
probably the best managed part of the government
.. .which is not to suggest that he does not see a few
areas for improvement!

Judging from my own associations, only NASA
would rank with DOD in terms of overall manage-
ment quality among governmental organizations.
When one deals with most other federal agencies or
state and local governments, one finds that the effi-
ciency of management is generally consideraly infe-
rior to that which is found in the Defense Depart-
ment. Now, having said that, I should like to say
that there are some significant differences between
government management and industry manage-
ment, and there is room for improvement in each.

In several respects, the job of industry manage-
ment is easier. The end objective is much more
readily definable and measurable because the need
to produce a profit provides a clear “bottom line.” In
addition, in industry an individual generally has
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much more direct authority and direct capability to
carry out the task at hand. There are fewer political
ramifications and there aren’t as many layers of ap-
proval required. Thus, one simply has more ability
to execute a task once it has been assigned. Hand-
in-hand with this, however, goes increased account-
ability and responsibility for achieving prescribed
goals.

I recall a story that a reporter once told about an
interview with then President Lyndon Johnson.
President Johnson, it seemed, had been com-
plaining that one of his favorite programs had been
torpedoed by someone in one of the federal depart-
ments. The President, to say the least, was ex-
tremely upset. The reporter asked why, if the Presi-
dent was so angry, he didn’t just fire the person who
had caused the problem. President Johnson's reply
was: “Fire him? I can’t even find him.”

I think this points out that because of the size of
the Federal government alone it is very difficult to
manage, particularly with the extreme layering of
authority all the way through the OMB, the Con-
gress, ete. Further, the issues addressed in industry
are generally less complex ... although the con-
sequences of a bad decision are often more personal
and more immediate ... at least in peacetime.

Industry also has one other advantage ... there
is competition among companies. I think construe-
tive competition usually brings out the best in
people. When one looks at the Post Office, or the
railroads ... or similar organizations, one sees, in
my opinion, what happens when effective com-
petition doesn’t exist. The civil economy of the So-
viet Union is a classic case of this problem.

The pivotal factor, in my opinion, comes down to
people. There are, fortunately, abundant numbers
of competent people both in government and indus-
try. Within each, some pockets tend to be stronger
than others. If you have a strong pocket of com-
petent and dedicated people in the government,
that particular pocket will probably be more effi-
cient than its counterpart in industry if the latter
happens to have less capable people. The opposite is
equally true.

Q. Do you believe that Army material require-
ments submitted to industry are realistic and reason-
able in terms of cost, development time, performance,
ete?

A. I believe there is still a tendency to over-speci-
fy. By that I mean there is a tendency to tell indus-
try how to do its job rather than to tell industry
what is the end-product that is desired. Worse yet,
there is a growing tendency to do industry’s job for
it. In addition, many marginal requirements still
seem to be placed on desired end-products. Further,
perhaps one of the greatest shortcomings in the Ar-
my’s material development program has been the
tendency to reassess requirements or become dis-
couraged with technical problems in midstream and
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terminate partially completed programs. These pro-
grams are then replaced with new ones which will
eventually have their own set of difficulties such
that about all that one accomplishes is to trade
known problems for unknown problems ... while
losing money, time and fighting capability in the
process.

Almost any R&D program, no matter how well
managed, is going to run into problems somewhere
along the way. Assuming that the item being devel-
oped is indeed needed, very often one is better off
just to tough it out and go about solving whatever
problems may have been encountered. When the re-
quirements change in the middle of the develop-
ment process, or there is a loss of support for a pro-
gram, it makes it all the more difficult to have the
development process actually produce anything.

The support that is given to a program once a de-
cision has been made to proceed with it represents a
major distinction between government and indus-
try activities. In industry it is unthinkable that in-
dividuals would continue to reopen questions that
were considered and set aside at the time an initial
decision was reached to undertake some particular
program. In the Defense Department, where dis-
cipline is a matter of great pride in operational
units, decisions in R&D represent only momentary
passages over hurdles that will be re-established
over and over again by those who did not concur in
the original conclusion or their successors. Every
problem which is encountered will be used as a
basis to reopen issues that were addressed long be-
fore. DSARCs addressing production readiness will
spend much of their time re-examining the entrails
of earlier decisions with respect to whether the sys-
tem that has been pursued for typically eight years
is really useful or not. Now understand that the
question of need and affordability is of the utmost
importance ... but the seventh month of a preg-
nancy is generally a poor time to be reassessing
one’s family planning.

Another concern is the time it takes to establish
formal requirements and the impact that this in-
decision can have in sacrificing hard-earned tech-
nological lead time. I am familiar with one program,
not an Army program incidentally, where three
years were spent obtaining approval of the project
from the time it was clearly shown to be feasible
and needed. Subsequently, in order to recoup part
of this three years, the development process was
compressed into about half of the time which should
have been allotted. Major risks were taken during
the development phase; configurations were frozen
before wind tunnel data was acquired, and so on.
One, of course, ultimately pays a price for such im-
balances in the use of so precious a resource as
time.

Q. What changes would you like the Army to make
with regard to the way it conducts business with in-
dustry? Specifically, what would make industry’s job
easier, and the overall R&D management process
better for all parties?
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A. In my judgement, the problems that still exist
in the development process are not wholly attribut-
able either to industry or to the government. There
are two sides to virtually every problem as well as
to every story. For example, industry’s record on
cost control of large military systems developments
has been anything but enviable.

Let me mention just three changes among the
many I would offer which I believe could permit us
to produce better equipment for the people in the
field who, in the final analysis, are the ones that
count.

First of all, the defense industry, by and large,
makes much smaller investments in terms of plants
and equipment than does its commercial counter-
part. Consequently, the defense industry, in the
long-term, cannot be expected to be as efficient as
most commercial organizations. The reason the de-
fense industry generally makes smaller invest-
ments is because profit margins are much less on
defense business than on commercial business, and
it is, of course, essential to maintain a competitive
return on investment (ROI) if one is to have the ca-
pability to raise capital.

Since companies involved in the defense sector in
the United States have to raise capital from exactly
the same sources as non-defense organizations, de-
fense firms necessarily must maintain a respect-
able and competitive ROI. If “return” as a fraction
of sales is small . .. which it is in the defense sector
... then the way to maintain a competitive ROI is
very simple: maintain a small investment. Unfortu-
nately, we all must pay the price for that policy by
having less capital for new machines and other pro-
ductivity-improving devices. It used to be that the
government provided the needed plants and equip-
ment to industry, but this is no longer the case with
industry itself now providing over 90% of the plants
and equipment committed to defense contracts. The
first change I would like to see is for the govern-
ment to provide more incentives for industry to in-
vest capital in 2 manner which would enable it to
better perform on its contracts.

The second change I would suggest, and probably
the most important of the three I will mention, is
the matter of increasing program stability. An in-
credible amount of talent, time and dollars is spent
in industry, as it is in government, simply trying to
keep programs alive that have already been ap-
proved.

For example, each year within the Congress there
takes place a minimum of 18 votes at a level poten-
tially addressing individual R&D line items. It
takes just over 8 years on the average to complete
an engineering development program. If you multi-
ply 8 times 18 you obtain the number of individual
opportunities for a program to get into funding
trouble in the Congress alone. This doesn’t include
internal reviews within the Services, or the Office of
the Secretary of Defense, or the OMB, or the White
House, or ...

We pay a great price for this lack of stability. Rob-
ert Townsend, in his book Up the Organization, de-
scribed this behavior as the tendency to go around
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pulling up flowers to see if the roots are healthy.
Unfortunately, a great deal of this root-checking is
done in the defense R&D business.

In one program, an Army program in generally
good health, the budget was cut nearly in half one
year due to a decision reached within the Pentagon.
A few months later that same year the Congress
nearly doubled the (reduced) funding that had been
requested. The result was, among other things, the
execution of three different contracts in a single
year.

In another case that I recall, a several-hundred-
million dollar budget request for an Army program
was cut in half one year in one House of the Con-
gress and fully-funded in the other. Unfortunately,
the Conference Committee did not meet to resolve
this variance until the year in question was already
half-over! Needless to say, the managers of that
program developed a rather intense understanding
of the meaning of brinksmanship as they debated
whether to cut-back (and thereby undermine their
request) or proceed ahead toward a financial preci-
pice.

The need to maintain stability spans from fund-
ing approval and moral support to scheduling and
longevity of participants. If we could achieve better
stability I believe we could obtain a great deal more
for our R&D dollars. From an industry standpoint,
companies simply will not invest in new machines
to efficiently produce products that may not be
around next year. From a government standpoint,
it is hard to motivate people to give their all to a
cause which may ultimately not have the support of
management. From the Congress’ standpoint it is
difficult to accept that programs can be very impor-
tant in an absolute sense when their requirements
vary widely each time there is a change in manage-
ment of the requirements process. The solution, I
believe, involves such things as multi-year funding,
guaranteed investment recoupment for industry in
case of termination for convenience of the govern-
ment ... and the creation of a management system
disciplined to leave the flowers alone.

The third area for improvement I would cite is the
process for selecting contractors to carry out R&D
programs. The process today, in the case of R&D,
relies principally on cost-reimbursable contract in-
struments. I personally believe this is very appro-
priate for research and development activities hav-
ing preseribed outputs. As it happens, the predicted
cost, or worse yet, the claimed cost, is perceived in
industry to be a significant selection factor in pick-
ing a contractor to carry out those (cost-reimburs-
able) contracts.

Whether cost is a significant factor or not, the
perception that exists generally has the very real
effect of causing much of industry to be unduly opti-
mistic in its bids. As a result, industry and the gov-
ernment often enter development programs in a
partnership with a cost target that is far too low. ..
to the detriment of all involved. This is simply be-
cause of the optimism that is bred into the com-
petitive bidding process for cost-reimbursable con-
tracts; coupled with the legitimate uncertainty in
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estimating the cost of something that has never
been done before; that is, “development.” The ques-
tion, of course, is not what is the problem, but
rather is what is the solution to encourage more
realism in cost estimation? Clearly, the bidding pro-
cess must further incentivize industry to bid pro-
grams at a 50/50 cost probability rather than, say, a
10 percent probability of achievement. One ap-
proach which is, incidentally, simple, elegant and
wrong ... for R&D contracts with specified output
... 1s fixed price contracting.

Q. Should there be a mandatory number of new
program starts each year so the U.S. can maintain
equal footing in R&D with the Soviet Union?

A. I believe not. I think that to mandate a certain
number of program starts would be a mistake. We
should be measured not so much by what we start,
but by what we complete . .. and by the capability
that is ultimately introduced into the field for our
forces.

I am not trying to say that we don’t have a seri-
ous problem in terms of new R&D starts in the Ar-
my ... or the Navy ... or the Air Force, for that
matter. The Soviets are spending probably at least
half as much again as we are in the area of military

R&D. Unless they are grossly inefficient there is
simply no way we can expect in the long term to
hold our own with them if we let that pattern of
spending persist. Fortunately, they are inefficient.
But the above figure is based on equivalent U.S.
purchasing power and thus has already normalized
the relative effectiveness of our two systems.

I have said on previous occasions, speaking from
a professional perspective, I would enjoy managing
the Soviet Army’s R&D budget. It would be a very
easy job. In the U.S. tough decisions have to be
made day-in and day-out on programs that can’t be
started. However, in the Soviet Union, they simply
start the programs. One can make a very impres-
sive list of what they have developed over the last
10 years because of the additional money they have
had available over and above what we have had to
spend. Think, for example, what the Army might be
able to develop with an extra $2 billion each year.

The solution is simply going to require more fund-
ing for military R&D and procurement. This solu-
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tion is going to require additional programs in the
development cycle. The solution is going to require
better cost (scope) estimating in industry, more sta-
bility in program direction from the government,
and better overall performance by all of us. How-
ever, I don’t believe that mandating a certain num-
ber of program starts each year would be the proper
solution. Each program must stand on its own mer-
i

Q. Cost overruns are obviously not a pleasant thing
for the Army, the Congress, or industry itself. Can
they be avoided?

A. I believe that to a large degree they can be
avoided. Certainly, we have not been successful in
avoiding them thus far. According to the data I
have collected, the average program has a cost
overrun of over 50 percent even when measured in
constant dollars. Various studies show levels of
anywhere from 30 to 80 percent growth, depending
on the assumptions. In order to discuss how such
overruns might be avoided, it is first necessary to
discuss the cause of the overruns.

For many years I have been saying that overruns
are due in large part to poor cost estimating at the
outset of the program, as opposed to mismanage-
ment, although there is some of that too. I recently
realized that to many people “poor cost estimating”
means poorly estimating what a specific task will
cost. That is not all what I intend to convey. For
example, in the area of software, if you know with
certainty that a program will involve a half million
lines of code it is not overly difficult to make a rea-
sonably accurate estimate of the cost of producing
that code. The difficulty lies in estimating how
many lines of code there will be in the first place.

So, when I suggest that we have a problem of poor
cost estimating, it would be more accurate for me to
say poor scope estimating. We don’t accurately size
the task to be performed. Sometimes this is referred
to as not allowing for unknown unknowns; those
things that one can’t predict explicitly, but which
will occur in a program and will require additional
time, dollars and talents for their resolution. One
can be certain in a statistical sense that something
unexpected will oceur, and therefore allowance
should be made for that in planning program re-
sources.

One difficulty stems from the fact that a program
manager has to submit his budget about two yvears
before he actually executes that budget. This is due
to the approval eycle in going through the Pentagon
and the Congress ... a story in its own right.

In a dynamic endeavor such as R&D, where the
half-life of technology itself is on the order of 5 to 10
years, it is almost impossible to foresee precisely
how much funding will be needed two years in ad-
vance of the time it is to be spent. Thus, when the
two years go by and it turns out that a problem oe-
curs that the planner didn’t anticipate, the result is
a shortfall of funds and the manager then has al-
most no flexibility to manage. He has a $2 million
reprogramming limit which is far too small to be
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useful for any significant development program ...
and even the use of that necessitates disrupting
other programs which had a legitimate require-
ment for the sought-after funds in the first place.

The other alternatives of obtaining newly appro-
priated or reprogrammed funds in excess of the
above ceiling require the approval of four com-
mittees of the Congress. This is an endeavor that
usually takes months, and even then may or may
not be successful.

Some provision needs to be made at the outset
of a program to provide funds with which to work
one’s way out of problems. That is, we must provide
our managers some latitude to manage.

Industry wouldn't dream of undertaking the de-
velopment of, say, a new commercial aireraft with-
out providing funds for contingencies. You will no-
tice that I am careful not to refer to these assets as
reserves. This is because it might have the con-
notation of a slush fund, and I suspeet the Congress
would be reluctant to appropriate funds for that
purpose. What I am referring to is not a slush fund,
but rather is simply a more realistic way of estimat-
ing costs that would include the statistical provi-
sion for unforeseen events. Some programs would
then come in under the estimated costs and some
over the estimated costs. On the average, the
amount of money actually expended would equal, in
the aggregate, the original estimate for those jobs.

Q. In 1975, you stated in a speech that product im-
provement should be relied upon as the basic and
most effective means of maintaining a quantitatively
adequate force structure. In view of the vast strides
which have reportedly been made by the Soviets in
R&D during the past four or five years, is product im-
provement really the proper approach in 1979 and for
the 1980s?

A. I still believe strongly that produet improve-
ment is a very cost effective way of increasing mili-
tary capability. One must, of course, have a reason-
able product to improve upon if the end result is to
be of value. Certainly, one is likely to produect im-
prove a cavalry horse into a tank only with great
difficulty.

Eventually, one has to abandon cavalry horses
and develop tanks. On the other hand, one can prod-
uct improve an M60A1 into a M60A3 and get a ma-
jor increase in capability for a rather modest in-
crease in cost as compared to the cost of a new tank.
However, occasionally, one does have to take quan-
tum jumps to an all new system. The XM1 is an ex-
ample, in my opinion, of one such necessary and im-
portant jump.

In my opinion, there has been an undue tendency
in the past to neglect produet improvement and in-
stead to take quantum leaps into the development
of new systems. It is noteworthy that if one does
dedicate oneself to product improvements as part of
a balanced development plan, it is not necessary to
work so near to the edge of the state-of-the-art
when developing the new systems. That is, those
new systems can be evolved over time to meet any
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threat growth that may occur. If the average sys-
tem is to remain in the field for 20 years, which is
the case today, in the absence of the potential for
future product improvement the developer justifia-
bly feels the need to design to the very edge of the
current state-of-the-art to assure that the system
will not be obsolescent before the 20 years have
elapsed. On the other hand, if one enters a new de-
velopment with the idea that it will be product im-
proved several times during its life, it is no longer
necessary to design to the very edge of the state-of-
the-art and hence, one can greatly reduce the risk
and cost associated with new development pro-
grams, One might call this adaptive development.

Both new developments and product improve-
ments are essential. As but one example of how cost
effective produet improvements can be, consider
the TOW Cobra, or specifically, the airborne TOW
itself. Here is a missile that had its range increased
by fully 25 percent for the price of adding a little
more wire to the command link. This clearly was
highly cost effective as compared with developing a
new system to obtain that additional 25 percent in
range,

The two approaches ... new development and
product improvement . .. thus tend to complement
each other.

Q. If the 2-way street of RSI between the U.S. and
its NATO allies were operating as it theoretically was
intended to, wouldn’t it result in a loss of dollars for
U.S. industry?

A. Yes.

But, one has to ask what was the purpose of the 2-
way street in the first place. There is one perception
that the 2-way street should not change the balance
of payments between Europe and the U.S. There is
another perception, one which I happen to hold,
that it is the purpose of RSI to strengthen the mili-
tary capability of the NATO alliance.

Sad as it may be, these two objectives aren’t al-
ways in consonance. It may be that the price one
pays to strengthen the military capability of our al-
lies in NATO is for them to have a stronger indus-
trial base of their own so that they are more willing
and able to spend money on military equipment
than they would be if that money were always to
represent a negative balance of trade from their
perspective.

Certainly, the street or, more accurately, the
highway, has been fairly one way until recent years.
Any real change to make it 2-way is, unfortunately
from our perspective, going to result in a decrease
of U.S. industry sales to Europe. The question is, do
the benefits of increased NATO military capability
outweigh the liabilities of having a somewhat weak-
er U.S. defense industry with somewhat smaller
sales. That is a judgement that is obviously a diffi-
cult one and it has to be made in a broader context
than just the strength of U.S. industry itself.

I would hasten to add, however, that the burden
now placed on U.S. industry in its ability to compete
in non-NATO markets with the ever-stronger in-
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dustries of our allies needs to be carefully reconsid-
ered to be certain it is accomplishing the objective
originally sought. I suspect that the answer is that
it is not.

Q. During your tenure with the Department of the
Army, you played a rather large role in development
of the TRACE concept. How do you view this concept
now, and what impaect will it have on industry?

A. Having watched the Army’s progress in apply-
ing the TRACE concept for about five years now, I
am encouraged by what has been accomplished.
First of all let me say what TRACE is. TRACE is an
approach to cost estimating that allows for the un-
foreseen problems that I was just mentioning
which always seem to occur in R&D programs.

In the Apollo Program, it would have been very
difficult to say in advance that Apollo XII would be
struck by lightning and therefore that additional
funds would be needed to handle the consequences
of that event. However, it is not difficult at all to say
that in every major development program tech-
nological lightning will strike somewhere . .. that’s
just Murphy’s Law!

The task at hand is to make provision, in terms of

assets, so that capable managers who do run into
unforeseen problems will have the latitude to man-
age their way out of those problems. This requires
the provision of some financial assets. TRACE
merely attempts to make those financial assets
available.

I should hasten to add that the program manager
must not hold those resources. They must be held at
a higher level in the chain of command, being re-
leaseable on short notice if, and only if, they are le-
gitimately required.

There have been a number of cases before
TRACE was instituted where major costs were in-
curred due to modest shortfalls in the availability of
immediate funds. As I reecall, there was in one mul-
ti-billion dollar program a $14 million shortfall in
one year which ultimately resulted in a $75 million
overall program cost increase, exclusive of infla-
tion. This was a consequence of the prime contrac-
tor breaking contracts that had been established
with a number of tiers of sub-contractors. The lack
of this relatively small amount of money caused the
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entire contract structure to be revamped. Cer-
tainly, one should not start rewriting contracts if
one can possibly avoid doing so.

The TRACE concept, I believe, could largely pro-
tect the Army’s reputation from being damaged due
to overruns. Unfortunately, TRACE by itself won’t
solve industry’s problem. But from the Army’s
standpoint, even though some in industry may con-
tinue to submit optimistically low bids in cost reim-
bursable competitions, Army managers still have
the ability to go to the Congress and the public and
say that in their considered judgement the Army
believes the actual cost is likely to be “such and
such.”

When this has been done in the past, in every case
of which I am aware the Congress was willing to
support the additional funds that were needed.
Basically, the Congress was given a clear choice at
the outset between being advised what a program is
really going to cost or, alternately, being told on the
installment plan. Given that choice, in my experi-
ence, the Congress always chooses to be given the
bad news at the beginning and then, knowing that
news, getting on with the job at hand as long as it is
fundamentally reasonable in the first place.

Q. Since your departure from the Army’s materiel
acquisition community, you have probably had an op-
portunity to make some observations about it from an
industry standpoint. Given the manpower, funding
constraints, etc., is the materiel acquisition commu-
nity properly structured into R&D and readiness
commands to deal with R&D on the one hand and
readiness on the other? It is realized that this is a
highly controversial issue.

A. There are many reasons why I did, and why I
do, feel this separation is preferable. One of those
reasons is that the human skills required to be ef-
fective in the readiness arena are quite different
from the talents required of an individual in man-
aging a research program or even a development
program. Both of these areas are of the utmost im-
portance to the Army and they are quite closely re-
lated ... but they are different.

Without a strong logisties capability the Army
cannot fight effectively. Without modern equipment
produced from R&D activities the Army cannot
fight effectively. Both are essential. But it does
seem that one should optimize the talents applied
to the management of each individual area.

A second reason why I believe a separation is ap-
propriate relates to the different time constants as-
sociated with the pressures affecting managers in
the two areas. A manager of a research program
faces some very critical problems. However, these
problems usually will not impact the effectiveness
of the Army in the field for perhaps 10 years. On the
other hand, the manager of a logistics program may
have pressures on him for spare parts which impact
the effectiveness of the Army in the field tomorrow.
That being the case, almost any manager will de-
vote the major part of his attention to solving the
short fuzed problems. The longer-term under-
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takings thereby suffer in terms of priority. It would
seem to me it is therefore best to select a manager
for each separate area to focus his total attention
on the problems peculiar to that area. I realize that
what I have described requires more personnel for
management functions than does a single command
which handles both endeavors. Those additional
people come dearly to the Army today and at some
point, in terms of the reductions in military and ci-
vilian manpower, one simply can’t afford the luxury
of having separate commands for these two func-
tions. It may be that as personnel cuts have contin-
ued in recent years the Army is approaching that
point at which, at least selectively, it is no longer
able to afford separate commands. I am, of course,
not in a position to judge that happenstance.

Q. Is it fallacious to structure the military on the
same type of corporate arrangement as industry
since industry has only to answer to its stockholders
whereas the military is under daily scrutiny by the
Congress?

A. If I am to be fully candid I must say that I
doubt that any company would survive if its Board
of Directors got involved into operating matters to
the extent that the Army’s “Board of Directors”
does. The Congress, as with any Board of Directors,
plays a very crucial role; but that role is not in day-
to-day operations.

Just as a company may have a large number of
stockholders, those stockholders can’t become in-
volved in carrying out individual tasks within a
company. The company with which I am associated,
for example, has issued about 25 million shares of
stock. Those shares are owned by a large number of
individuals and institutions. The manner in which
those people and institutions make their desires felt
is through a Board of Directors which sets policies
and goals, picks managers to carry out those poli-
cies and goals, holds them accountable, and gives
them the authority and resources needed to pro-
duce the desired results.

If the stockholders, through the Board of Diree-
tors, are not satisfied with the manner in which
those policies and goals are executed, they replace
the management with individuals that they believe
will perform in a manner which is satisfactory.
Now, I realize that Congress understandably and
properly gets very frustrated with what has unfor-
tunately been a rather poor record in terms of cost
control on the part of military development pro-
grams. I suspect that the attitude in Congress is
that until the defense industry and the DOD do a
better job of managing their activities they are go-
ing to help do it for us. It is hard to criticize this
feeling . .. but as a solution, it falls in the category
discussed earlier ... simple, elegant, and wrong.

The Congress, of course, has the basic responsibil-
ity for providing the Armed Forces of our nation.
This is an awesome responsibility. But that role
does not necessitate detailed management of indi-
vidual activities.

Perhaps once we establish a better track record
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we will have less day-to-day involvement by the
Congress. Regardless, it does seem to me that a 535
member Board of Directors is a bit large to become
involved in operating matters.

Corresponding remarks could probably be made
about the role of the Office of the Secretary of De-
fense. I had the privilege of serving in OSD for five
years and was in fact co-“inventor” of several man-
agement tools such as the DCP ... but firmly be-
lieve those tools should be aimed at the broader
(and incidentally, generally more important) issues
rather than at detailed operating functions.

Q. How important is R&D to the Army, and how im-
portant should it be?

A. R&D is crucial to the United States Army. The
quality of the Army’s equipment, plus the motiva-
tion and training of its troops, are the principal fac-
tors upon which we rely to overcome enormous
quantitative disadvantages.

Unfortunately, there still exists to some degree a
belief in many quarters, including parts of the Con-
gress, the OSD and the Army itself that, unlike the
other Services, the Army can more readily get
along without a complete spectrum of modern
weapon systems and that it ean somehow win on
courage alone. It is widely accepted that there
should be F-14, F-15, F-16, F-18 and A-10 fixed-wing
aircraft, but the notion that the Army should per-
haps have both a UTTAS and an AAH somehow
seems unacceptable. This is, of course, in spite of
the fact that the dominance of personnel costs in
U.S. military forces is such that the difference in to-
tal cost of ownership of an Army equipped with the
most modern equipment as opposed to the equip-
ment of 20 years ago is only on the order of ten per-
cent.

A study was conducted several years ago to exam-
ine the actual payoff from the Army’s development
activities during the ten years from 1964 to 1973.
We found that even under relatively conservative
assumptions, the fighting capability of the Army
had been increased, through R&D, by about three
(net) division force equivalents during that period
of time. This is obviously an enormous increase in
capability; a capability far beyond the investment
that went into R&D activities during those ten
years.

At the same time, a dilemma exists today. Our
forces and those of our allies are heavily out-
numbered by the forces of the Soviet Union and the
Warsaw Pact. It is very difficult for us to con-
template matching the Soviets tank for tank. In
fact, even if we were given the additional 40,000
tanks we would need to match them in such a man-
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ner, it is inconceivable that we could afford to man
those tanks in today’s Volunteer Force environ-
ment.

The alternative seems to be to count on superior
technology. Indeed, we have done this in recent
years and we have done so successfully. How long
this strategy will work is becoming much more
doubtful as Soviet technology begins to catch up
with us a direct consequence of the additional funds
they are spending over and above what the U.S. is
spending.

I believe as we look to the future we must be
much more mindful of the importance of numbers of
items of equipment. I do not mean to suggest that
one can afford to have equipment that has signifi-
cant technological inferiorities relative to that pos-
sessed by potential adversaries. Bows and arrows
will not defeat hydrogen bombs. At the same time,
the notion that a few high capability items of equip-
ment can defeat large forces with basically com-
parable types of equipment is, in my judgement,
very dangerous indeed.

History would seem to show that there is merit to
Lanchester’s view that numbers are highly lever-
aged on the battlefield. One of the tasks that lies
ahead for the Army in the next decade is to build, in
large quantities, the many truly excellent items of
equipment that are just now coming out of the de-
velopment process.

When Jim Schlesinger was Secretary of Defense,
in discussing the problem of a numerically small
force attempting to make up for its inferiority by
means of superior R&D, he used to tell us a story
which seems even more appropriate today. He
pointed out that when Daniel Boone, who used to
shoot 50 bears a year, was replaced by 50 hunters,
each of whom was capable of shooting only one bear
each year, there was no evidence of the bears hav-
ing rejoiced at the demise of human marksmanship.

Q. How do you view the current trends in U.SJ/
USSR military strength?

A. By almost any parameter one could choose to
measure, we are being passed or have been passed
by the Soviets. This is not a trend that has occurred
in the last year, or even in the last five years, or
even in the last decade. The Soviets, going back to
1962 or perhaps back as far as Sputnik, have been
greatly increasing their emphasis on building mili-
tary and technological strength,

Of course, one can't, in general, compare Soviet
military strength and U.S. strength in isolation
from that of our allies, or even in isolation from our
economic strength and our will to endure. The fact
remains, however, that there is a great deal of rea-
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son to be very concerned today about the trends in
the U.S. defense posture as compared to those of the
Soviets and their allies. For the first time, there is
also reason to be concerned over the relative tech-
nological strengths of the two nations as measured
not by technology in the laboratory but by equip-
ment in the field.

Somehow, the public has been reluctant to accept
the severity of this trend and its implications. This
is partly because most of the people who describe it
tend, like myself, to at least appear to have some-
thing to gain by increased U.S. military ex-
penditures.

I have felt for some years, and continue to feel,
that it would be very worthwhile for the Secretary
of Defense or the President to establish from out-
gide the defense community, a “Blue Ribbon” com-
mission of individuals possessing absolutely impec-
cable reputations for impartiality, objectivity and
integrity. Such a commission would be assigned the
task of reviewing all of the available evidence at all
levels to assess the adequacy of U.S. military forces
against the backdrop of stated national goals. The
group, which must be genuinely uncommitted could
then offer to the President and the citizens of our
country their views, as informed but independent
observers, regarding the acceptability of our cur-
rent and projected military stature.

This undertaking is far more important than poli-
tics, defense budgets, or the health of the defense
industry. It addresses a matter upon which all else
that is important to our nation might depend.

If indeed such a Blue Ribbon Panel were to view
the problem as being as serious as I do, perhaps
they would be more credible in inereasing the con-
cern of private citizens and the Congress to pay the
price to reverse the trend I perceive. If, on the other
hand, based on a considered judgement of the facts,
they were to conclude that my view is unduly con-
cerned about the problem, then I would be most en-
couraged and could sleep much better each night.

Q. In reviewing your professional career, both in
and out of government, what would you do differently
if you could do it over again?

A. I guess the main disappointment during my
tour with the Army was that we devoted a great
deal of rather precious time to matters that could
perhaps have been avoided altogether or which did
not make a major contribution toward giving us a
better Army. One such item was base closings. An-
other concerned some of the details of seeking inter-
national R&D cooperation. Still another was the
matter of dealing with the honor code violations at
West Point.

This is a rather mixed bag of topics ... each im-
portant in its own right. However, a Presidential
appointee will probably only have the privilege of
three or four years in which to make a contribution.
As a result, one can't afford to spend much time on
items that don’t have a high payoff in comparison to
the time they consume or to addressing problems
that should have been avoided in the first place.

All of the above items certainly consumed a great
deal of time, all were important, but all detracted
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from our ability to address other pressing problems
offering potentially large payoffs. Consider the mat-
ter of base closings. During my tour we set out to
close a number of bases that we felt were no longer
cost effective to operate. I firmly believe that in
most, if not all, of those cases we were, in fact, cor-
rect ... and that it was our duty as a custodian of
the taxpayer’'s money to close such installations.

Regardless of this, the difficulties encountered in
closing a base under today’s environment are
enormous. So much time is consumed that one
might perhaps conclude that more could be contrib-
uted to the Army and the taxpayer by admitting
some of these modest inefficiencies and devoting
one’s time to items with more readily available pay-
off. This is a terribly unfortunate admission to
make. One could certainly argue that if there is a
known problem it is one’s duty to correct it.

On the other hand, the list of opportunities that
one has available to help make a better Army is in
truth so great that one simply can't afford to spend
very much time on items toward the lower part of
the list no matter how legitimate they may be. I
guess I am becoming a pragmatist!

Another thing I would do would be to encourage
the Army, in its development programs, to “tough
out” problems. As I mentioned before, even the best
managed R&D programs will have problems. Un-
less those problems are such that they bring into
doubt the fundamental viability of the endeavor,
one has simply to continue ahead, work out solu-
tions, and get the item into the field.

Then there is the matter of a few R&D programs
which I would like to have had us handle dif-
ferently. One that comes to mind is the Heavy Lift
Helicopter. That was a technology prototype flight-
test program which was approximately 90 to 95 per-
cent completed in about 1975. At that point for some
reason the Army, with my participation, arrived at
a conclusion that it did not intend to deploy that
HLH even though the need for such a decision on
affordability was still several years into the future.

Once the Army stated that it didn’t intend to de-
ploy the HLH, the Congress terminated the tech-
nology prototype program. As I said, this occurred
with only about five to ten percent of the overall ef-
fort remaining to be completed. It would have been
much better, in my judgement, had we obtained the
important engineering data being sought and then
decided whether or not the system should be de-
ployed. One day we will, I suspect, see a heavy lift
helicopter flying in the U.S. We have, unfortu-
nately, already seen one flying in the Soviet Union.

In the way of a conclusion, I would hope that in
our future R&D activities we could provide for in-
tense scrutiny before starting new programs, in-
cluding consideration of product improvements as
alternatives, but once having decided to proceed
that we would then fully-fund those programs, pro-
viding multi-year funding, and then eliminate the
on-again/off-again turbulence that is undermining
the efforts of the very dedicated and capable people,
both within the government and outside, who are
seeking to produce new hardware for our Army.
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-
3razilian EE-9, Cascaval 90mm gun, 6x6, armored recon ve-
iicle, used in Latin American and the Mid-East (1975).

“rench AMX-10RC, 6x6, equipped with 105mm gun and ad-
ranced fire control, designed for corps-level reconnaissance
and as a heavy-fire support vehicle by mechanized infantry divi-
sions (1979).

W AR
3ritish Scorpion, 76mm gun, combat vehicle reconnaissance
1972).
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FOREIGN ARMORED REC

This photospread, the eighth in a series submitted by
the U.S. Army Foreign Science and Technology Center,
was prepared by Messrs. Edwin W. Besch and William A.
Gooch Jr. Photos illustrate the diversified armament, au-
tomotive technologies and design philosophies incorpo-
rated into foreign armored reconnaissance vehicles
based on differing perceptions of tactical and terrain re-
quirements. (The year the vehicles entered service is
shown in parenthesis). Previous issues include: Novem-

Canadian Cougar, Fire Support Vehicle mates Scorpion turret
with Swiss MOWAG Piranha, 6x6, APC chassis.

FIAT-OTO Melara 6616BM, 4x4, used by [talian Army and Na-
tional Police (1978).
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British Scimitar, CYR(T), mounting 30mm Rardan gun (1973). |




NNAISSANCE VEHICLES

ber-December, 1979—Foreign Armored Support Vehi-
cles; September-October—Foreign Tank Destroyers;
July-August—Foreign Combat Engineer Technology;
‘May-June—Russian Infantryman’s Arsenal of Weapons;
‘March-April—Foreign Infantry Fighting Vehicles; Sep-
‘tember-October, 1978—Advances in Foreign Transporta-
tion Technology; March-April, 1978—Photos of 1977 Red
Square Parade.

oW ‘

West German Luchs, 8x8, divisional recon scout vehicle hal
front and rear driving positions (1975).

bqvle_at BMP IFV recon variant has 2-man turret, but no antitank French Panhard ERC-90, Sagaie, 6x6, excellent export potentiz
missile armament (1976). (prototype, 1977). .

» Royal Netherlands Army M113A1 Command and Reconnais-
sance Carrier rearmed with Oerlikon KBA-B, 25mm automatic
cannon (1966/1978).
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; - ' West German A.P.E. combat engineer and tank and armore
Soviet BRDM-2, 4x4, scout vehicle (1966). infantry battalion-level scout vehicle (1979).
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Armament Concepts Office Stresses ‘New Ideas’

The unique Armament Con-
cepts Office at HQ ARRADCOM
has the unusual mission of eval-
uating and marketing new weap-
on concepts. Established three
years ago at Dover, NJ, its office
staff is small, totaling only 15.
Most of them are military officers
with combat qualifications in
field artillery, armor or infantry,
and civilians experienced in the
fields of science or engineering.
They are complemented by a
“skunk works” operation which
further evaluates concepts and
tests their feasibility.

The small size of the Concepts
Office is deliberate—for several
reasons: to serve as an impartial
“broker” of revolutionary ideas,
to preclude having the inelina-
tion or the capability to infringe
upon the responsibilities of mis-
sion laboratories, and to provide
a stronger communications link
between the field soldier and the
bench scientist or engineer
through more central concentra-
tion and better control.

Recognizing that new ideas
and their application evolve from
necessity as well as chance, all
roads of communication are kept
open. Publication of information
and visits to other military
agencies, industry and universi-
ties by staff members are in-

ARMOR DEFEATING
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Figure 1
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BATTLEFIELD SUPPLY VEHICLE

tended to make these agencies
aware of the office’s readiness to
help further incipient ideas.

The assistance of industry has
reportedly been of particular val-
ue, especially through the in-
telligence it provides by way of its
independent research and devel-
opment programs and unsolicited
proposals.

Still other sources are tapped
for the potential melding of ideas
and needs. Frequent contact is
maintained with the Foreign In-
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telligence and Defense Documen-
tation communities, domestic and
foreign literature are screened,
and active membership is main-
tained on invention councils, en-
gineering process and technology
panels, and similar professional
bodies.

When an idea is believed to
have merit, the extent of user in-
terest is explored. For those ideas
that stimulate such interest, the
availability of funds determines
the future course of action. Other
organizations which might have
a mission interest in the concept
are solicited for funding support
to prove feasibility.

Taken collectively then, it can
be seen that ARRADCOM’s Ar-
mament Concepts Office is wired
into a vast community of ideas.
With diligent sereening and pur-
suit of those ideas offering really
innovative technology, new
weapon ideas are brought to frui-
tion.

An artist’s conception of an
electromagnetic gun (Figures 1 &
2) has many possibilities for long-
range exploitation. Weapon-
ization of such a concept would
enable the launching of various
payloads, from very high velocity
penetrators or multipurpose pro-
jectiles of unusual shapes, to
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lower velocity launchings for pro-
viding inaccessible areas with
fuel or supplies or for other life-
saving missions.

Far out, perhaps, is an artist’s
conception of a robotized army
(Figure 3). But considering that
man is a scarce and precious re-
source, the prospect of an auto-
mated fighting force that could
search, detect, discriminate
friend from foe, engage enemy
targets, and perform suicide mis-
sions, all without human casual-
ties intriguing one.

The technological state of sen-
sors, microprocessors, automa-
tion and increased firepower also
offers viable project starts that
were unthinkable just a few short
years ago. The willingness and
desire to review such revolution-
ary concepts as these by the Ar-
mament Concepts Office may well
result in providing the soldier of
the future with superior arma-
ments to win any battle.

Ideas are welcomed from all
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sources; and should the idea be
outside the mission interest of
ARRADCOM it is referred to the
appropriate government agency.
Ideas should be submitted to HQ,

ARRADCOM, ATTN: DRDAR-
AC, Dover, NJ 07801. The office
phone number is commercial
(201) 328-6606 or Autovon 880-
6606.

WES Continues Work in Sensor Technology Research

Recent advances in electronics and
sensors for detecting potentially hos-
tile actions have created a relatively
new field of military research using
“electronic intelligence.” The field is
referred to as sensor technology.

Devices for detecting unwarranted
intrusions and for providing military
intelligence are being investigated at
the U.S. Army Engineer Waterways
Experiment Station (WES) in Vicks-
burg, MS.

WES has been involved in sensor
research since 1969. Early systems
used in Vietnam relied primarily on
seismic waves (ground motion) to de-
tect intruders. Although the systems
worked well in some areas, they were
not universally applicable. This was
because of inadequate sensitivity of
the systems in some terrains and be-
cause of natural and man-made back-
ground noises that caused false
alarms.

To address these problems, WES
researchers have conducted field pro-
grams and developed mathematical
techniques for defining environ-
ments where various sensor systems
could be expected to operate ade-
quately.

Sensor concepts and hardware sys-
tems presently under investigation
include sensors to protect the perime-
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ter of nuclear storage sites and mis-
sile deployment areas against sur-
face and subsurface (tunneling) in-
trusions by exploiting ground motion
induced by the presence of the in-
truder.

Hardware systems have been test-
ed in media ranging from extremely
soft (saturated silts and clays) to rig-
id (concrete and frozen ground). Re-
sponses of the transducers in these
systems have also been measured in
a wide range of temperature environ-
ments.

In addition to investigating the use
of ground motion sensor systems,
WES researchers have conducted
studies of acoustic sensors for detect-
ing and tracking low-flying aircraft.

Conventional systems for aircraft
detection rely on radar and are limit-
ed to their ability to detect aircraft
beneath the horizon or obscured by
the natural terrain. Studies are
being initiated to determine the ef-
fectiveness of electromagnetic wave
sensors for intruder detection.

Sensor technology is developing on
many levels in several countries. To
speed up the technology transfer and
eliminate duplication of efforts, WES
hosted an international sensor tech-
nology symposium last year to pro-

mote an exchange of information on
sensor concepts and systems that au-
tomatically detect, classify, identify
and/or locate intruders or targets.

More than 160 delegates from mili-
tary, industrial, and academic re-
search communities of the United
States, Denmark, Germany, United
Kingdom, Canada, and The Nether-
lands attended the 3-day symposium,
which was coordinated by CPT Otis
Williams, a member of the WES sen-
sor research team.

NATO Panel 111 Research Study
Group-11 (RSG-1), a NATO group de-
voted to military application of seis-
mic and acoustic sensors, met at WES
in eonjunction with the symposium.
Mr. Bob O. Benn, chief of the WES
Environmental Systems Division, is
chairman of RSG-11.

The opening session of the sym-
posium featured a keynote address
by Dr. Jeanne Mintz, from the Office
of the Under Secretary of Defense for
Research and Engineering, Office of
the Assistant for Program Planning.
She spoke on “Sensor Development
and Application: A Department of
Defense Prospective.” A summary of
her speech appears on page 22 of
this issue of the Army RDA Maga-
zine.
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Generation of Weapon Requirements in the Soviet

By P. Aileen 0'Brien

Much has been written and spo-
ken of the high quality of Soviet
military materiel—its simplicity
on one hand yet its mission ac-
complishing capability on the oth-
er, its alleged high reliability and
its ruggedness of design—its lack
of “gold plating.” The magazine
thought it wouwld be most informa-
tive to its reader community if an
article cowld be procured deserib-
ing the Soviet requirements gener-
ation process that has led to the
fielding of its excellent materiel.
We asked the U.S. Army Foreign
Science and Technology Center at
Charlottesville, VA, to provide us
with such an article. The following
by Miss P. Aileen O'Brien de-
scribes the basie mechanics of
their process in order that we may
better understand the eriteria of
the Soviet Ground Forces as a
customer of weapons.

The imposing abundance of
arms equipping the Soviet
Ground Forces reflects the de-

ee to which leadership in this

eld is able to articulate and sat-
isfy its demands. Of all branches
of the Soviet military, the Ground
Forces seems to have the clearest
idea of its mission and the freest
hand in preparing itself for this
mission’s accomplishment.

The Ground Forces’ effective-
ness as a weapons’ customer is a

roduct of this elarity of purpose,
Eut it is also tied to its use of cer-
tain mechanisms for translating
goals into specific weapons re-
uirements, and for maintaining
shrewd and determined oversight
throughout the entire weapons
acquisition cycle.
he mission of the Ground
Force derives from the Soviets’
concept of combined arms, that is,
the total integration of all types
of weapons in order to perform a
coordinated mission. The task of
the Ground Forces within this
comprehensive picture is to pro-
vide a rapid, overwhelming of-
fensive thrust by land.

In order to fortify itself in an-
ticipation of this task, the lead-
ership of the Ground Forces has
focused on building an enormous
array of tanks, while recognizing
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the need for a wide range of ac-
companying capabilities, includ-
ing mobile artillery, air cover
and CBR protection, bridging and
engineering vehicles, ete.

While there may be differences
of opinion within Ground Forces
as to the exact operational use of
certain pieces of equipment, nota-
bly the BMP Mechanized In-
fantry Combat Vehicle, there is
still a remarkable degree of unity
in the doctrinal thrust of this
force’s leadership. This cohesive-
ness has served them well in
presenting their needs to political
leadership, and in placing de-
mands upon weapons’ producers.
Thus, the nature of weapons
which equip the Ground Forces is
a logical and consistent response
to the guidelines of its doctrine.

The link between doctrine and
production of equipment is the
Tactical Technical Requirement
(TTR). The Soviet acronym is
TTT (Tatiko-Tekhnicheskye-
Trebovaniya). This document, au-
thorized by personnel from the
Ground Forces and Ministry of
Defense hierarchy, sets in motion
the entire weapons acquisition
process. It is the reference point
used by the military to ensure
that the produets of industry
meet its operational needs.
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Solid lines in this chart indicate direct
lines of subordination.
reflect interaction among high level
Party and Government bodies in military
policy-maoking, and the coordinating
role of the VPK between the military
customer and developer.

Broken lines

The generation of weapon re-
quirements can be visualized as a
2-part cycle, beginning at the
highest level of power, descend-
ing into the rank and file of mili-
tary personnel and passing back
up through the chains of com-
mand. This cycle begins with the
laying out of broad political and
military policy. This is an ongoing
process which takes place at the
very highest echelon of author-
ity, including the Politburo, De-
fense Council and of course offi-
cers from the Ministry of De-
fense.

The Ministry is well-represent-
ed by its experienced and aggres-
sive Minister, Dmitri Ustinov,
along with Deputy Ministers of
Defense. Prior to this appoint-
ment as Minister of Defense in
1976, Ustinov was the dominant
civilian figure in Soviet weapons
acquisition dating back to WW I1.

It is likely that the Deputy Min-
ister most concerned with broad
policies as they relate to weapon-
ry would be N. N. Alekseyev, Dep-
uty Minister of Defense for Ar-
maments.

In addition, military officers of
the General Staff, who rank just
below deputy minister level, par-
ticipate in the formulation of
overall military goals and assign-
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ment of basie operational mis-
sions to each service branch.

It is doubtful that specific
methods of accomplishing this
mission are discussed at this level
in the case of the Ground Forces.
This is partly because of the rela-
tive stability of Ground Force
mission and also because few
Ground Force weapons, taken in-
dividually, have direct impact on
the strategic concerns of political
leaders. Therefore, the service is
given wide latitude in developing
the means of executing its mis-
sion.

In order to accomplish this,
broad policy guidelines are fil-
tered down to institutions at the
next lower level within the
Ground Forces, the Main Techni-
cal Directorate (MTD). In the
Ground Forces, historically there
have been two Main Technical Di-
rectorates, one pertaining to ar-
tillery and rocket forces, the oth-
er pertaining to armored forces.
These Main Technical Director-
ates have been pinpointed as the
actual sources of the TTRs.

The TTR itself, apparently, is a
short document requesting that a
type of weapon be constructed to
meet certain identified operation-
al needs. It spells out the general
performance goals of the weapon
and specific quality indices up to
which it must measure. Very
little technical direction is given
to the defense industry in this
document as to what the finished
product should be like or how it
should be built.

Yet, the division of responsibili-
ty between customer and pro-
ducer is not quite so neat, for a
customer as effective as the So-
viet Ground Forces would not
carelessly ask for an item without
consideration of what industry
can in fact produce. The TTR,
thus, does not generally call for
performance beyond the state of
the art of the relevant tech-
nologies, reflecting the pragmatic
attitude that the developed weap-
on must be capable of being man-
ufactured and fielded rapidly in
large numbers within the known
capabilities of Soviet industry.

The workings of the MTD’s
seem to reflect this dual customer
orientation toward identifying
operational needs and toward
educating itself in the intricacies
of weapon technology. The MTD’s
are responsible for overseeing
the training of Ground Forces
personnel in military academies.
They also coordinate the efforts
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of their own research institutes,
which seem to be the focal point
for identifying specific areas of
potential improvements in the
Ground Force posture.

At this conceptual stage in the
weapons acquisition cycle, per-
sonnel from military research in-
stitutes interact informally with
professional design engineers
from the defense industrial min-
istries in making judgments as to
the feasibility of various design
alternatives. Finally, the MTD’s
have adjunct Scientific and Tech-
nical Committees which appear
to play an overseeing role in the
creation of the TTR. This stage of
requirements generation is per-
haps the most difficult to under-
stand.

Nevertheless, it is clear that
the rank and file military person-
nel who write the TTR’s are con-
stantly mindful of imposed doec-
trinal requirements, the chang-
ing technological capability of
industry, evidence of any defi-
ciencies in operational equipment
and, of course, changes in the
threat faced by the Ground
Forces. In these functions (and
subsequent functions) the key
MTD participants are the Mili-
tary Representatives, technically
trained officers who spend their
entire career in some aspect of
weapons acquisition.

With the approval of the TTR
at the MTD level, the TTR travels
up through the Ground Forces
chain of command to the top of
the Ministry of Defense hier-
archy. Approval at this level is
necessary before any formal
overtures to industrial ministries
are made.

The TTR then reaches the in-
dustrial side of the Soviet defense
sector. It is assigned to a selected
design bureau within a particular
industrial ministry, where con-
ceptual plans are formulated.

Next, an appointed project
Chief Designer consults with
high level customer representa-
tives and personnel from the Mili-
tary-Industrial Commission
(VPK), the government organiza-
tion officially responsible for
smoothing out relations between
the military customer and devel-
oper. This group attempts to
reach initial agreement as to the
rough design of the weapon to be
built, the organizations respon-
sible for its development, and cost
and production estimates. This
accomplished, the TTR becomes
an official decision of the VPK.

- - - = S = = SRS,

The decision is turned over to
the selected defense industrial
ministry, which carries the proj-
ect from design through mass
production. At every stage, how-
ever, a representative from the
military customer is physically
present to ensure that the project
strictly adheres to the guidelines
laid out in the TTR.

The Soviet Ground Forces is
adept as a weapons customer be-
cause its direction is clear, well-
articulated and relatively stable
with respect to time and enemy
threat. Its effectiveness can also
be traced to its behavior through-
out the weapons acquisition pro-
cess. Through the TTR, its needs
are formally laid out, thus facili-
tating communication with gov-
ernment and industrial person-
nel. These requirements are care-
fully drawn up by a trained staff
and rarely are changes in them
interjected during weapons de-
velopment. While the customer
considers feasibility early in the
creation of the TTR, it does not
constrain the industrial designer
with excessively detailed or un-
realistic technical demands.

Finally, the military customer
follows up on its requests by mon-
itoring the entire development
and production of weapons assist-
ed by the mediating efforts of the
Military Industrial Commission.
These practices, along with other
aspects of their overall acquisi-
tion process, have allowed the So-
viet Ground Forces to field weap-
ons that meet the numerical
goals and wide range of opera-
tional requirements laid out in
their offensive doctrine.

P.AILEEN O'BRIEN is serving as
a research specialist in Soviet ground
forces weapon acquisition procedures
at the Foreign Science and Tech-
nology Center in Charlottesville, VA.
She received a BA in political science
from the University of Virginia.
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Sensor Development and Application

By Dr. Jeanne S. Mintz

The following article was origi-
nally presented as a keynote ad-
dress at a Sensor Technology
Symposium. It is carried here in
an abbreviated format

Unattended ground sensors,
developed for Vietnam, have a
clear potential for use in a fast-
paced European scenario. There,
a single foggy day, a day in which
we could not detect where the
main enemy force was coming
from, could permit a critical ene-
my breakthrough. Unattended
ground sensors provide the bat-
tlefield commander with the only
round-the-clock, passive sensor
system that DOD has developed.

After a glamorous debut as one
of the most exciting new tech-
nologies of the Vietnam War,
these sensors are no longer high
priority items in DOD budgets.
Some of the reasons for this situ-
ation are what I would like to ad-
dress before turning to current
trends and possible developments.

Remote sensors proved their
worth in Vietnam. They played a
key part at Khe Sanh. They had a
significant role in blunting the
1972 offensive. In many less well
known operations, day after day,
they paid their way.

Those with some experience
and a modicum of training in the
use of sensors found that they
worked very well. And they
worked when the weather pre-
vented other surveillance sys-
tems from functioning.

Those who were disappointed
with sensors, I think, were those
who didn’t employ them properly.
Those were the units where em-
placement was haphazard, no
meaningful data collection was
recorded, and the personnel at
the readouts were not given ade-
quate insight into the signifi-
cance of the beeps and blips they
were observing.

By contrast, there were many
units, including a number in the
Army’s 25th Division and in Na-
val units ashore and on the riv-
ers, that employed remote sen-
sors successfully. They sharp-

ened and improved their tactics
to coordinate sensors with other
surveillance means. They relied
increasingly on sensors for trig-
gering ambushes, tracking enemy
movement at a distance, perim-
eter security and other uses.

There was also disenchantment
among those who expected tactic-
al sensors to do everything, and
reacted negatively when they
didn’t. Sensors are not a panacea.
They can make a significant con-
tribution to battlefield surveil-
lance and targeting. However,
they, no more than any other sys-
tem, are not going to find all the
targets on the battlefield and win
the war singlehanded.

In the early days, unattended
ground sensors also suffered on
occasion from a problem that fre-
quently affliets new systems: the
desire of some to squeeze the last
bit of technological improvement
out of the system.

In their enthusiasm, some de-
signers ignored the eritical im-
portance of operability. True, at
the beginning, tactics may have
lagged technology in the use of
sensors in Southeast Asia. But
good tactics evolved rapidly, and
as more and better use was made
of the systems deployed, it be-
came clear that it was unneces-
sary to embellish the system to a
degree of sophistication which
outstripped battlefield require-
ments.

Finally, there were bureau-
cratic reasons for the lukewarm
reception accorded remote sen-
sors in some quarters. When the
Defense Communications Plan-
ning Group (later Defense Special
Projects Group) was established
in September 1966, not only was
it given Brickbat priority and DX
rating, carte blanche authority
and direct access to the Secretary
of Defense, but the funds to sup-
port the program were taken
from the Services’ budgets.

The program was expensive
and, to many in the Services, it
appeared that they were being
forced to fund it. Under-
standably, this made some of
those whose budgets were being
raided to finance a program they
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did not control, uneasy.

With the winding down of the
war, DSPG was closed in 1972 and
responsibility for further devel-
opment of sensor systems was
split among the Services, with
provision for OSD to coordinate
developments, requirements and
employment.

The Army was given responsi-
bility for developing a tactical
system based on equipment in-
herited from DSPG, a system for
the internal aspects of site secu-
rity, and for the command and
control systems for all site secu-
rity systems.

The Air Force was charged
with developing systems for ex-
ternal site security. The Navy
and Marine Corps continued de-
velopment of selected systems al-
so bequeathed them by DSPG.
The reason for splitting up re-
sponsibility was the decision to
return from a wartime footing to
business as usual.

These are some of the reasons
why today unattended sensors
are not always seen as a priority
need by the Services, especially
when they can hardly afford new
weapon systems. Contributing to
this is a lack of understanding of
the potential of sensors.

For those unfamiliar with the
system, there is coneern about
the number of personnel required
to deploy and react to the sen-
sors. In fact, as presently con-
ceived in the Army, the number
of people dedicated to REMBASS
would be very small.

The current state-of-the-art
precludes the need for dedicated
aircraft for relay. Miniaturiza-
tion