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TRAINING EQUIPMENT FOR A BATTLEFIELD ENVIRONMENT
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Otis Elevator Company -

Several weeks ago at an Ameriean Ordnance Association meeting, Gemeral Durrenberger,
Commanding General of the Army's Weapons Command, succincily summarized the demanis
of today's combat units in the field. Their needs, he said, are: '

& More firepower
@ Greater mobility
& Increased protection

These broad requirements are, of course, not new; we have heard them before, and we
will continue tg hear them in the future, ‘But when we stop for a moment fo think about the
total implication—and preklems—surrounding these demands, a number of basic tratha and
challenges hecome very obvious.

Combat requirements, such as firepower, mobility, and protection, are almnst always
tightly interdependent, For example, firepower and mobility are essential elemeants of
protection, Or, conversely, protection is a function of your ability—and success—io shoot
and scool.

However, continually trying to salisfy demands with new tocls takes us down the path of
technological change, adaptation, application, and need. And herein lies the underriding
challenge of the Government/Industry team--to be able to meet demand with technological
pProwess. ’

¥ this, then is the challenge, we—the Indusirial teasn—must ask the question: ~What do
the reguirements of the modern field army mean to us in our own technological terms?"

Before I discuss that question, let's take a look at what's behind us. Historically, the
military forces have been the vanguard in terms of prometing and ntilizing technological
change, innovation, and advancement. We have only to stop for a second to consider the
impetus the military has given to such monumental and far-reaching recent techrnological
advances as the jet engine, nuclear energy, and the entire field of electronics, by their
initial utilization and uliimate proving of feagibility of such advances. These, and other
advances, were spawned by the military establishment as a direct result of their own re-
quirements, And [ submit that without thig type of motivation, our technological progress,
and the resuliant benefits that are enjoyed by all segments of the economy, would still remain
to be realized. But, like in 211 things, timing, balance, and complexity are important
factors o be considered and understood. When we compare a field army to an air torce or |
a navy, we find evidence that the combatant elements of any army scmetimes lag the athers :
in exposure to technological advance and its inherent complexities. Or, if advanced, com-
plex equipment is made available, the balance necessary to have the manpower trajned and
adapted fo its use is sometimes out of phase—or difficult to maintain, To be sure, there
are pockets of exception; €. g., the artillery has been exposed to the complexities and
problems surrounding the guided missile for 2 decade and a half. Yet, T think it would be
safe to say that today they have gone through their growing pains and are no longer mygtified
by, or apprehensive aboui, having complex, sensitive, and expensive equipment to work and
fight with. Tactical agsauli, and support aireraft is perhaps another packet of exception.

And there are others. ' '

However, to a very large body of our ground forces, technically advanced, comnplex
equipment —especially that having an elactronic base—is atill unigque. PBut there is no
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question that they musi learn to accept it and use it, and to expect more and more of it as
time goes on, if they are to have their everpressing demands of more firepower, mobility,
and protection satisfied. This process of Iearning is where we, the Center and those of us
who represent the trajning industry, have a challenge and 2 role to play. Let's examine that

challenge.

Again, from a historical standpoint, we in the training business have been deeply con-
cerned with satistying requirements and delivering systems that find their place in the class-
room environment. Through the vears, the Government/Industry team represented in thig
room today have met past chaltenges and, I believe, have done a remarkably fine joh. Simu-
lators and complex training systems of 2 wide variety of forms have been produced to satialy
an even wider variety of requirements. Dealing with complexity and employing techmical
ingemuity-—-or ereativity—equal to or surpassing that employed in the creation of operational
hardware has been our way of life, We can and should be proud of what has heer done and
what is being done right now. Bui, again, our work has been pointed to the classroom. And
that's the key word: the classroom. Virtually all of the beautiful systems that have been or
are now being used, and those now under development or in the minds of our future planners,
fall into this category. Characteristically, they are subjected to a genilemanly environment
and receive professional care and treatment. To be sure, there are seemingly harsh ele-
ments of the tolal environment thal have to he saligfied. Accuracy, realism, availability
(which is the product of reliability and maintainability) are but a few. But what happens and
what type of problems do you face when you supply this delicate instrument o the real-world
environment of a compatant unit, and are required to assure that the instrument does its job
no matter where in the world or under what sat of conditions this unit finds itself? T'1l say
here and now, unegquivocally, the problems are big and altogether different from those we
have known in the past. 'To think otherwise is foolish and begels {iscal irresponsibility.

To glve you insight into what I am saying, I would like to briefly describe a current
training system that fits this bill. First, however, let's ¢ongider the mere classical
systems: the classroom trainer, if you will. When you view them in their totality, they
share common characteristics:

® Self sufficisncy—They are complete and whole in themselves. They do not require
a direct, positive coupling with the operational equipraent for which iraining is being performed.

® Technical complexity—They reflect high uiilization of the electronic, optical,
hydraunlic, pneumatic, and mechanical disciplines. '

® Controlled environment—They are employed in the typically clean, airconditioned,
heated, permaneni-type facilities that are found at the camps, posts, stations, and educa-
tipnal centers of the military establishment.

® Operational application—They almost always command the assignment of the
highest levels of trained instructors, operators, and maintenance personnel available to the
using services.

Now let's look at a new breed of systems and assess the dilferences in character.

Nearly three years ago, COtis/Reflectone was assigned the task of developing a system
to train tank gunners in the firing of Shillelagh guided missiles. The Shillelagh was an
answer to the Army's demand for increased firepower; the employment of the system on new,
highly sophisticated armor vehicles was an answer to the demand for mobility and protection.
So here was evidence of positive action being taken to satisfy the basic law of demand and
gupply, I cannot discuss all the problems surrounding the development and fielding of the
operational elements {the missile and the vehicle} to arrive ai an advanced and effective
total weapon system, bui some of the problems were of a training nature and fell to the
Center and Reflectone for solution.

34




NAVTRADEVCEN IH-143

You might sk why this is a problem. Certainly training & gunner doesn't appear any more
difficult than training a pilot, a navigalor, a helmsman, or an electironic warfare officer.
While technical complexity would certainly be evident, the fundamental differences were that
the denominators of seif-suificiency, contirolled environment, and operaiional application
would be totally different. In short, a delicate instrument would be called for, but it had ta
become part of and be used in the real world of a combatant field army noe matter where that
army found itself or what the conditions of its employnmient. Therein lay the challenge; what
I will show vou in Figures 17 and 18 reflect the solution,

These figures illustrate a training system known as the Conduct-of-Fire Trainer for the
Shillelagh missile system. As applied to the Sheridan Weapon System, it has been designated
the XM-35; applied to the ME0ATEL armor system, it carries a designalion of XM-38.

Technically, the trainers are virtually identical. Only mouniings and the specialized
optical aystems in the vehicles required minor diffarences in design. The trainer has three
major hardware units in its makeup;

# A Visual Effects Simulator te demonstrale gptically what the gunner would see
during a missile firing.

® A Target Unit to provide ranging reguirements and an optical data signal to the
weapon systems guidance and control systen.

® An Instructor's Conlrol Unit o tie the trainer into a closed loop system and to
provide to the tank commander the ways and means to train his crew and evaluate their
periormance.

In brief, Figures 19 and 20 show the elements of system design and explain its method
of operation,

Although having three separate elements, the trainer should be viewed as consisting of
two subsystems: the {irst mounted on the launch or migsile-firing vehicle and the second
mounted on a target vehicle. When the pumnmer "fires' a missile, signals tranamitted
optically from the target system to the launch vehicle are passed on to the tracker via the
gunner's telegeope, Here the signals are converted to electrical energy and fed via the data
converter to the trainer's azimuth and elevation error computers. Azimuth and elevation
errors are computed for each of the two light sources of the targef system and, by triangu-
lation, are converted by the range computer infto a measure of target range. The miss-
distance computer sinulates missile dynamics, adds appropriate lags to the tracking errors
compuied above, anpd converts the resuliant angular errors inte orthagonal miss-distance
components, Misg-diatance is indicated to the instructor/commander by a duzl-needle meter
which “"freezes" upon impact of the simulated missile with the plane of the target. H the
impact point falls within a prescribed sgquare about the target center of mass, the gunner is
credited with a hit, "' il outside the square, he is considered to have "missed. ™'

In addition to the display provided to the instructor/commander, the trainer also gene-
rates a visual display of the missile image in the gunner's telescope. Azimuth and elevation
errors, modified by missile dynamic lags, are used to deflect a simulated missile image,
which is also made to appear to fly down range with the aid of a servo-operated iris/lens
assemhly.

Blossoming of the image prior o its disappearance at time of impact indicates to the
punner that he bas hit the target. If the {mage disappears without blossoming, he knows he
has missed. Impact time is computed as a function of the range computed by the range
computer. To further illustrate my earlier statement that the trainer is indeed, a delicate,
technologically advanced system in itself, let me mention a few of the feature s it contains:
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@ All solid siate

& Hybrid computer techniques

& Omnidirectional optical data sources

@ High-eifficiency, narrow-band aptical filtering
® Solid-state, high-efficiency de to de conversion
@ Hipgh current multiplex

® Modulated light sources

@ Compact optical projection system

& fngredized

& Weatherproof

Against this technology, let me also 1llustraie by a short film the typical development
tegting the trainer has undergone to determine and understand the operational environment
and to ensure that equipment relizbility is achieved.

I think you will agree thal the trainer reflects a bigh degree of technological sophistication;
it employs state-of-the-art applications and reflects substantial engineering creativity. But,
as I mentioned sarlier, technical complexity was only part of the challenge. How does this
trainer relate to the ather eommon denominators we discussed? How and where is if differ-
ent? And what new challenges do the differences pose?

First, the COF is to be isgued to using armor units as a piece of TO&E equipment. Some
of you may not be familiar with this term; it simply stands for Table of Qrganization and -
Ecquipment. What it means is this: the trainer will be issued to and betome & part of the
permanently carried equipment of 2 basic armor unit. Or in other words, it will be issued
on the same bagis as the armor vehicle itseif or, to draw another comparisen, the same as
mess kits, shelters, and rifles are issued to using treops. It will be carried and used in
daily training exercises, field problems, and maneuvers. For that matter, it may also be
carried into a combat zone if and when Shillelagh is ever employed in such a situation. In
short, ithe COF is not intended fo enjoy the benefits of a controlled environment.

Second, the COF beccmes a part of the fotal weapons system. It must derive power from
the vehicle and must be coupled to the guidance znd control elements of the missile system.
It is no longer a self-sufficient piece of equipment; it must rely on other sensitive elements
of the weapon and vehicle system, over which it has no jurisdiction or control. In short, it
will not enjoy the benefits of independence.

Third, and perhaps most significantly, the irainer will be deployed over a considerably
large base, both operationally and geographically. Successiul deployment will, in great
measure, be a function of the people involved, As mentioned earlier, the typical complex
trainer system many times enjoys the best that can be obtained in terms of insiructors,
operators, and maintenance personnel, They could easily be classified as professionals in
their respective fields.

Obviously, thisz factor contributes heavily to sysiem effecliiveness when performing its
operationzl mission. BEut the COF faces a different set of conditions, Here the instructor
as well az the student will both be combat seldiers, generally of low military rank and with
limited experience or training. Coming from all walks of life, they will most likely be

37



NAVTRADEVCEN TH-143

draftees with only months, not years, of service availability; perhaps they will have 2 high
school education, although many will not; generally they will be very young, many still in
their teens; they will represent zll segments of economic-status and ethnic background—in
summary, they will be a rather heterogeneous group of youngsters who have neither a common
bond nor a motivation by any profesgional ethic. Consequently, the trainer, as well as all
other equipments in their hands, must not only be rugged and reliable, but it must cope with
this heterogeniety by appearing foolproof and simple and by being readily usahble, But again
this is only 2 piece of the story. Simplicity on the outzside does not infer simplicity on the
inside. I have already shown that the device is complex. How then are the interior mecha-
nisms maintained, repaired, and serviced? The personnel available for this tagk, while
having bheen exposed to some speciality training, in many ways fall into the very same het-
erogeneous pattern already outlined, And then when these factors are coupled with wide
eguipment deployment and the logistic considerations attendant therefo, one is faced with 2
regl world situation that is not only many faceied, but one franght with many interwoven and
complex relationships. In short, the COF will never epjoy the hwxury of a gentleman's
approach to training, nor will it command gpecialist field support.

These differences in denominator cause problems, bui they are not unsolvable.

As a team, the Army, the Center, and our Company have been working closely to develop
solutions. It has been challenging and time-consuming, I doubt that we have answered every-
thing vet, but we are working on them and we continue to show progress. '

My message to you today then, is that there is emerging a new breed of trainers requir-
ing advanced technology and the injection of that technology into areas which, in the past,
have had little exposure. The requirements are real and will be increased as time goes on.

New systems will replace old ones in the process of satisfying the never ending demand
for firepower, mobility, and protection. And with new ayatems and the applications of
newer and more sophisticated technologies, new and more severe problems will be uncovered,
And ihis is as it should be.

Let me leave you with one parting thought. Henry J. Kaiser used to say, "Problems are

really opportunities disguised in work clothes. " Reflectone has been wearing its work
clothes and has no intentlon of changing.,
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