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INTRODUCT ION

Training simulators are used as part of
‘a total training course. This training course
inciudes conventional classroom work, pro-
grammed instruction, part task trainers, and
training in the production aircraft or other
‘vehicle. The total training course must be .

cost effective, and, in addition to the direct

cost of the training, there must be included a
consideration of .other factors more difficult
to quantify: safety, fuel availability, noise,
atmospheric pollution, etc. The total train-
ing program must be effective and economical,
and a choice must be made among the various
training devices to achieve overall effective-
ness and econony. On the other hand, engi- -
neering simuiators are used differently, sc a
different set of criteria apply to their re-
quirements, specifications and design. Anal-
ysis and wind tunnel testing precede engineer-
ing simulations. Since extention of the
analysis to the man-machine interface has
proved to be Targely unsatisfactory, experi-
ments on the manned flight simulator follow.
The alternative to simulator experiments is
flight time in an experimental aircraft or
proof-of-concept vehicle~-a very expensive
vehicle to build and operate. -Indeed, even if
a proof-of-concept aircraft is to be built,
engineering simulator tests will be required
td make it safe and economical. To insure
that engineering simulators will have a rea-
sonable useful Tifetime, they must be designed
to allow simulation of ajrcraft with systems
and contrels not yet built or even contempla-
ted, and indeed, to simulate hardware that may
never be built. Thus, training and engineer-
ing simulators are built to satisfy different
requirements. They cannot be compared to each
other, but each must be judged on its economy
and effectiveness in meeting the requirements
it was designed to meet.

THE TRAINING SIMULATOR AND ITS ENVIRONMEMT

Training simulators and the environment
in which they are used impose stringent re-
quirements on their design and specification.
Each simuiator represents a singie airecraft,
and the computer programming and the mathe-
matical model can be regarded as essentially
Tixed. - Great progress has been made in recent
years by the use of general purpose digital
computers, but the flexibility of these com-
puters has been largely required by and used

to retrofit simulators to later models of the
same ajrcraft. - Maintenance personnel are’
highly trained, but since they have not par-
ticipated in specification or design decisions
they may be handicapped by a lack of knowledge

. of ways to achieve possibie equipment improve-
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ments. The amount of operating time is a most
important measure of the simulator success
since a simulator not available for a sched-
uled training session sends waves of distress.
which propagate throughout the entire training
program. The modern military weapons system
trainer requires a simulation not just of the
airplane or other vehicle, but of a wide range
of ordnance and electronics equipment, often
operated by multi-manned crews. Simulators
such as these represent the most complex
training devices ever built.

ENVIRONMENT

The uses of engineering simulators impose
a different set of requirements and lead de-
signers of these simulators along different
paths. Since the alternative to using an
engineering simulator is often the construc-
tion of a serfes of experimental afrcraft,
more money can be justified in the fabrication
of a given simulator. Such simulators are
generaliy one.of a kind. Indeed, many pro-
posed engineering simulators are specified for
a combination of aircraft type and mission
that cannot be handled by any existing engi-
neering simuiator.

Many engineering simulator visual and
motion systems exceed in size and performance
those that have been built for training (1),
(2}, {3}). However, this additional perform=-
ance can be justified by the attaining of more
faithful cues to the pilot leading to an air-
craft that is neither excessively expensive,
nor unnecessarily Timited in performance.

The necessity for aerodynamic parameter
variation on a run-to-run basis imposes, for
the same mission or mathematical model com-
plexity, more stringent requirements on the
engineering simulator computer. So does the
necessity of accumulating data on ajrcraft
performance as well as pilot performance.
Since the engineering simulator is generally
designed to be used for a variety of vehicles



and missions, proegramming time and the cost
of programming become most important over the
Tifetime of the simulator. As a result, the
computer-cost/programming-cost trade-off is
tilted toward spending more money for a more
powerful computer.

Engineering simulators are used in a
range of experiments from the early investiga-
tion of concepts to the fiight test support of
an experimental aircraft (4). In the early
investigation of concepts, the simulator he-
‘comes what Cooper calls "the pilot's tool"
(5). The simulated aircraft is usually a very
rudimentary model, and an essential require-
ment for such tests is the use of an engineer-
ing test pilot, formally trained in aerodynam-
ics and experienced in flying a variety of
aircraft. His ability to aid in experiment
design, to disregard the inadequacies of those
parts of the simulation which do not bear on
the crux of the experiment, to analyze air-
craft systems that are essential to the
decision, and to communicate this largely
subjective analysis to the experimenter is
essential and rewarding to the ajrcraft and
simulator engineers and scientists.

Another important advantage in the
engineering simuiator environment is the ready
availability of the simulation system and
sub-system specifiers and designers. These
personrel have a high motivation to meet not
only the original requivements of their de-.
sign, but to see that the simulator hardware .
and software continue to operate successfully.
This motivation for their equipment to show
continued successful performance, combined
with an intimate knowledge of the equipment
from the drawing board stage, provides a back-
up trouble shooting crew of professiona1s that
is indispensible to any engineering simulator
laboratory. It provides the talent necessary
to make expeditious and economical alterations
to meet new and unforeseen requirements by
making alterations or additions to existing
simuiation equipment.

For many years, engineering simulation
Taboratories have utilized the developments
of the manufacturers of simulation equipment,
many of which were stimulated by the require-
ments of their military customers. Many of
the laboratories which use motion simulators
have at Teast one training simulator motion
system. The feasibility of visual simulation
systems for the straight-in approach and land-
-ing- of conventional aircraft has been demon-
strated by developments intended o meet a
military requirement. Many engineering __
laboratories use one of these commercially
available systems. The Tabaratories which
have built their own visual systems have done
so stimulated by the feasibility demonstrated
by the systems built for military and commer- = _
cial users. The use of general purpose digi-
tal computers as the simulator computer was
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-ajreraft and its mission.

first studied and demonstrated in a military

training study project.®™ Much of the instru-
mentation, cockpit hardware, control Toading

devices and other simulator sub-systems used

in engingering simulation laboratories traces
its origin to the traiming simulator.

~ The capabilities of engineering simu-
lation laboratories are 1imited not by the
imagination of those who set the requirements
for them, but by reali-world consideraticns of
costs, of the state-of-the-art, and of the
compatibility of requirements. The time re-
quired to design and build a major piece of
simuiation equipment can be a substantial
percentage of the time required to design and
buiid a new aircraft or weapons system.
Therefore, the completed simulation system
will be used on unforeseen projects in unfore-

seen ways, especially in the early studies of

new concepts. For example, visual simulation
systems designed for the straight-in approach
and landing of conventional aircraft have been
used in engineering simulations of surface

effect vehicles (6), and for the simulation of

?i;craft forward-looking infrared equipment
7).

AN ADDITIONAL PQTENTIAL FOR ENGINEERING

SIMULATORS

_The trainingfsimuiétor.is'an essentially

fixed assembly of hardware that represents one
The engineering
simuTator is not really a simulator at ali.

"It is part of a lsboratory consisting of a

collection of simulation apparatus composed
of one or more motion systems, visual systems,
instruments, pilot control devices, including
control Toaders, computers and interfacing
and interconnecting equipment.
laboratories are designed so that one can_con-
veniently change from the simulation of ore
airplane to that of another in a short time,.
the preparation period of a new simulation can
stretch into weeks or months. After the air-
plane is chosen and the experiment designed,
the airplane must be analyzed and a computer
program written. Simulation hardware and com-
puter softwars may be inadequate for a new
project, and required changes to this hardware
and software must -be designed, executed, and
checked out. The cockpit hardware of the new
configuration will have to be designed and
built. The time period spent in the assembly

and check-out of a training simulator is short
compared to the useful Tife of the simulator.

The scales are tipped the other way when the
assembly of engineering simulation apparatus
is put together for an experiment.
spent programming the computer, putting to-
gether the apparatus, and checking it out is

* A contract was awarded by Naval Training

_Device Center in 1950 to the Moore School of
of Pennsylvania -

Electrical Engineering, Univ.
for such a study.

Although these
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®



greater than the time period of piloted runs.
The ratio of the make-ready time to piloted
operation time can easily exceed ten to one,
50 the doubling of the period of piloted simu-
lation does not double the resources expended
on a simulation; it may require only about a
ten percent increase in resources to double
the amount of piloted time on a given engi-
neering simulation.

The results of this expenditure of re-
sources required by the aireraft program is °
usually seen only by the user who is inter-
ested in the development of the aircraft
jtself. Training personnel, both those.in-
volved in the design of training courses and
those fnvolved in the specification and design
- of training simulators, seldom see or bhecome
involved in these simulations. In many cases,
these simulations represent an opportunity for
the earliest Took at the vehicle or weapons
system, and very often represent the most dif-
ficult pilot control and training task to be
encountered in the vehicle. Despite the Timi-
tations of some of these, it is incumbent on
those of us in the engineering simulator com-
munity to bring. them to the attention of the
training simulator community on a case-by-case
basis and to encourage their utilization.
Programs which test training effectiveness and
gsimulation hardware feasibility can often be
conducted at 1ittle additfonal cost, utilizing
the already paid-for analysis, programming,
hardware modifications, and check-out that
were required for the aircraft development
program.

The use of engineering simulators for
training research is not new. They have been
successfully used in this manner before. My
proposal, rather, is for the engineering
simulator community to be alert to point out
to the training community when opportunities
arise for particuiariy economic use of these
simuiators: when the checked-out simulation of
a future aircraft will be available for use.

Two types of participation suggest them-
selves. The first type 1s cocperative or
informal participation with the aircraft de-
velopment personnel. Such participation
would result in Targely subjective opinions.
However, this method offers the prospect of
participants obtaining the insight necessary
to design experiments which will later give
objective, quantitative results. The same
insight may also prove useful when requirement
and specification decisions must be made in
the absence of quantitative data. The second
type of participation is the formal experiment
or experimental program. After the compietion
of the aircraft development experiments,
training personnel could use the simulator to
conduct formal experiments to determine the
amount and kind of training that should be
conducted on the training simulator and its
economic balance with other training aids.
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This could include parametric variations in
simuTator characteristics, as opposed to the
variations in the aircraft characteristics
required by the aircraft development
experiments.

Such participation will require the
active cooperation of aircraft development
personnel, Since many of their simulations
are conducted to obtain data to make design
trade-off decisions, the simulated aircraft
will not always have the desirable combinatien
of characteristics that the final configura-
tion will have. Training system personnel
must have an understanding of the tentative
state of the aircraft design, and they must
communicate this understanding to airecraft
development personnel. This understanding
will be necessary for the two groups to atiain
economically thefr common- goal--an effective
weapons system manned by trained crews.

CONCLUSTONS P

I believe there are two ways in which
training economy will be promoted by the use
of engineering simulators in training system
First, T believe there is an under-
utilized resource, the simulator set-up time,
that can be readily utilized. Secondly, I
believe that experiments will show that some
of the seemingly crude cue-producing equip-
ment Will unexpectedly prove to be adequate
and economic for the training simulator.

I believe the use of engineering simula-
tors in the manner I have described represents
an opportunity for the engineering simulator
comnunity to repay to the training simuTator
community the debt we have incurred by the
use of their developments. 1 believe the re-
sponsibility for pointing out to training
people the availability of engineering simu-
lations of future aircraft belongs to'the
engineering simulator community. I ask the
training simulator community, if they are
interested, to help us discharge this re-
sponsibility by reminding us when we forget,
by expressing interest so we will know the
proper avenues of approach, and by expressing
their interest to the military aircraft or
weapons system project people.
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