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ABSTRACT 

In t h i s  paper a review i s  made of the  piloted simulation f a c i l i t i e s  

commonly used i n  the United States.  

f a c i l i t i e s  and t o  understand how and why these f a c i l i t i e s  are needed and 

c~me in to  being and how they are used. 

of use of simulation a re  offered and conclusions presented. 

An attempt is made t o  c lass i fy  these 

Some thoughts on the  philosophy 

INTRODUCTION 

In recent years the  use of piloted simulators has become more and more 

In  t h i s  paper a redew widespread i n  the  research and development process. 

i s  made of t h e  simulation f a c i l i t i e s  i n  use i n  t h e  aerospace industry and 

re la ted  organizations. 

t o  understand how and why these f a c i l i t i e s  a re  needed and came i n t o  being, 

and how they are used. 

the codifications, and the  conclusions may be of benefit  t o  those who use 

and are planning t o  use simulation f a c i l i t i e s .  

An attempt i s  made t o  c lass i fy  these f a c i l i t i e s  and 

It is hoped tha t  t h i s  collection of infonuation, 

Before proceeding fur ther ,  it is desirable t o  discuss the  definit ion of 
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the word simulator. 

interests ,  it has a rather widely varying definition. 

considered i n  the  most broad sense as f a c i l i t i e s  which w i l l  allow an atdog 

representation of a particular control element, combination of control 

elements or the complete f l ight  control - airframe - p i lo t  system. 

would include simulators t o  obtain data on control hardware, t he  human p i lo t  

and h i s  display, the airframe with e l a s t i c i ty ,  and the couplete system. 

paper is particularly directed at piloted simulators, those in  which a human 

operator performs a control task; however, it is  f e l t  tha t  consideration of 

the wide spectrum of simulators under t h i s  broad definit ion i s  useful i n  

giving a perspective view of the subject. 

As commonly used by various individuals of differing 

Simulators can be 

l h i S  

This 

CATEGORIZATION AND DESCRIPTION OF SIMULATORS 

There are numerous W E ~ S  i n  which simulators can be classified or grouped. 

Several ways w i l l  be discussed briefly.  

computation as differentiated from simulation. 

simulators i s  by the phase of research and developent i n  w h i c h  they are 

commonly used. It wi l l  be observed that  t h i s  division does not occur very 

neatly. Finally, simulators can be categorized relat ive t o  the element o r  

elements of the f l i gh t  control system t h a t  they are intended t o  obtain in- 

F i r s t  there is the hazy concept of 

Another way of looking at 

formation on. 

F i r s t ,  l e t  UE look at the area of slmulators versus canputation, for  a 

moment. 

e l ec t r i ca l  device for  solving the longitudinal s t ab i l i t y  epuatioos. 

Reference 1.35 i n  addition t o  reporting the result of hie work, he predicts 

the possibi l i t ies  of extending his  device t o  r e a l  time and even t o  use of 

In 1935, Mueller at Massachusetts In s t i t u t e  of Technology devised an 

In 
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hand controls and perhaps investigation of p i l o t  training. During World 

W a r  I1 and the years immediately following, rapid progress was mde  i n  

development and application of different ia l  analyzers. 

analog computers o f  significance were beginning t o  be available. 

By 1948, electronic 

The 

avai labi l i ty  of these computers made possible the development of f l i gh t  

control system simulators as we know them today. 

panies i n  the United States have large general purpose analog computer 

f a c i l i t i e s ,  ranging i n  s i ze  from 200 t o  600 operational amplifiere or even 

larger. While simulators themselves, i n  a sense, these analog computers 

are wed  both for  general computational purposes and a l s o  for  connection 

with a cockpit andfor equipment t o  form a simulator. 

All major a i r c r a f t  com- 

While not a simulator by any s t re tch of the word, d i g i t a l  computers 

are making spectacular progress and have made improvement possible in  

sc i en t i f i c  and engineering computations. 

f l i gh t  simulators already use d i g i t a l  computers. It is undoubtedly t r u e  

tha t  the avai labi l i ty  of these powerful tools w i l l  make possible fur ther  

A number of advanced operational 

drast ic  improvements in  simulation as they have done already i n  computation. 

The phase of research and development of aerospace vehicles that  you 

are concerned with influences considerably your choice of and use of simula- 

tors .  

(3) development, (4)  f l ight  test  and (5) t ra ining and operational use. 

i s  the research phase i n  which knowledge is  gathered on various subjects of 

interest .  

preliminary design phase is  encountered followed by detailed development of 

the vehicle and a l l  of its components. 

special  needs for simulation. 

hicles  are i n  production and use and the operational conrmands are faced with 

These phases can be l i s t e d  as (1) research, (2 )  preliminary.design, 

F i r s t  

Upon in i t i a t ion  of a program t o  design and build a vehicle, the 

The f l i gh t  t e s t ing  phase has i t s  

Finally, the phase is reached where the ve- 



training and maintaining the proficiency of t h e i r  crews. 

Those using research and development simulators can thank the training 

simulator people fo r  providing the motivation for  and the development of 

many of the techniques and equipment6 necessary for  what i s  used. 

the l i t e r a t u r e  on simulation i n  past years now relates t o  t h i s  ares. 

the early years, World War I1 and somewhat before, various techniques and 

devices called trainers were developed t o  meet the vast training problems. 

Hundreds of millions of dollars were spent on t ra iners  during World War 11 

Much of 

During 

i n  the United States alone. 

much over actual f l i gh t ,  i n  f ac t ,  that  training i n  f l i gh t  would have been im- 

possible. 

modern training simulators became a possibil i ty.  

development and avai labi l i ty  of improved concepts and knowledge about servo 

systems and components developed in  World W a r  11, especially i n  Germany. 

Expert opinion is that  t h i s  expenditure saved 

With the availabil i ty of analog computers i n  the l a t e  fo r t i e s ,  

Also a factor was the 

Modern operational training simulators are large expensive devices care- 

fully designed t o  simulate as nearly as possible the actual cockpit envir- 

onment and the characterist ics of the production vehicle. 

fyct ,  however, numerous anelyses have shown that  these t ra iners  can quickly 

save f a r  more than they cost i n  reducing expensive f l i gh t  time needed t o  

maintain p i lo t  proficiency particularly i n  such nreas as instrument f l ight  

and simulated emergencies. 

AB a matter of 

There is  no sharp l ine between the first four phases i n  the kind of 

simulators used as will be apparent i n  l a t e r  discussions. 

t r a ine r  because of the special  needs and the special economic factors 

involved has been essentially a clearly separated category. 

The operational 

In view of the 

very limited production of future vehicles and the i r  highly specialized and 

c a p l i c a t e d  nature th i s  sharp line o f  demarcation may not remain. 
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Simulators do group themselves, t o  a degree, with regard t o  the element 

or elements of the f l ight  control system tha t  they are t o  provide information 

about. To i l l u s t r a t e  n l ~ r  definit ion of the f l i gh t  control system cmsider 

Figure 1. This block diagram has a block representing the hrrman p i lo t ,  a 

block representing the control equipment needed inside the vehicle, and a 

block representing the dynamic characterist ics of the airframe. 

as used with respect t o  each of these system elements ViU. be diecussed. 

Simulatore 

Finally and most important of a l l  t o  the system engineer, simulators 

t o  examine and evaluate the t o t a l  f l i gh t  control system coxmisting of all 

these elements w i l l  be discussed. 

Assemblies of the various components of, fo r  example, the hydraulic or 

In some cases, these assemblies and the  electr ical  systems are of'ten made. 

test performed tend t o  become complex and t o  verge on what could be called 

simulation. 

laboratory t e s t s  unless combined with the airframe dynamics and a pilot .  

In general, however, the inclination is  t o  c a l l  these bench o r  

And now for  a few words on the block representing the human pilot .  

A great variety of simulators have been and are being used t o  determine 

man's tolerance t o  one or  more of the environmental conditions t h a t  he may 

encounter. There are  centrifuges and various other devices t o  subject men 

t o  accelerations, air bearing platforms and water tanka t o  attempt t o  s i m -  

ulate zero g,  and airplanes t o  actually demonstrate zero g. 

t o  subject men t o  intolerable noise and chambers t o  impose absolute quiet. 

Men have been exposed t o  extreme cold and roasted t o  high temperatures i n  

other tests. 

are being uti l ized. 

the dynamic characteristics of the human p i lo t  as a servo element. 

Chambers exist 

Confinement capsules resembling cockpits and space cabins 

Simulators have been and are  being used t o  determine 
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These simulators have been of the simple flxed base type and will be 

discussed a l i t t l e  l a t e r  when considering simulators t o  examine the com- 

plete  f l i gh t  control system. 

To a great extent, t he  discussion t o  this point has been i n  the nature 

of giving perspective t o  the subject of simulation. 

is believed, i n  understanding each other, understanding how the  trend t o  

simulation came about, and making determinations of future trends. 

point, simulators of the complete f l i gh t  control system w i l l  be discussed. 

These, no doubt, are  what many first think of when simulation i s  mentioned. 

This is important, it 

A t  t h i s  

A bewildering variety of simulators is being used t o  analyze the 

f l ight  control system as a whole. 

f a c i l i t i e s  down i n  some logical grouping. 

between ground based and f l ight .  

Figure 2 is  an attempt t o  break these 

The first natural  grouping i s  

Figure 2 divides the ground based simulators i n to  groups as t o  the 

motions t h a t  can be imparted t o  the p i lo t ;  no motion, rotations,  trans- 

la t ions,  and combinations of rotation translation. In  Appendix I are 

l i s t e d  various f l i gh t  control system simulators that  are  available. 

l i s t i n g  is undoubtedly not complete. 

computer simulator that  is so common in  the industry and the various re- 

search organizations has been excluded. 

This 

The class of simple cockpit - analog 

The majority of the fixed base, and the motion simulators as w e l l ,  use 

instrment  displays, these range from simple scope or dial instrument dis- 

pleys t o  elaborate displey simulators. 

caning more common, usually for  approach and landing studies, VTOL inves- 

t igat ions,  and t o  simulate the space environment. 

o rb i t a l  vehicle can be simulated a t  a number of f ac i l i t i e s .  

External display simulators are be- 

The caaplete mission of an 
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In a few casea, an attempt t o  simulate accelerations hes been made by 

pulling on the shoulder straps o r  exerting pressure on the seat cushions. 

T h i s  is indicated by the "pseudo G" block of Figure 2. The wrth of this 

feature i n  improving correlation of data Kith actual flight is not known. 

It has become standard practice i n  a i rcraf t  end missile development 

t o  make  use of a category of simulator that  is called the "iron birdn o r  

the "iron monster". 

development process. 

is normally the use of a simple cockpit - analog cmputer simulator. 

Simulators such as t h i s  can be quickly b u i l t  up and adaptedto the problems 

of the particular mission and configuration by connection with the analog 

computer f a c i l i t i e s  that  are available i n  all companies. 

This category is  of great importance i n  the design and 

The f i r s t  step in the development of an "iron bird" 

As the design of the vehicle progresses and components of the control 

system are designed and begin t o  be available, the "iron bird" simulator 

i s  bu i l t .  Normally, these simulators go through a continuous refinement 

process a l l  through the years of development s t a r t i ng  with l i t t l e  actual 

equipment, then insertion of early components and then the production hsrd- 

ware. 

controls and presentation and f inal ly ,  i n  some cases, a very complete mock 

up. 

are included t o  provide adequate simulation. 

dynamic characterist ics also undergoes continuous revision 88 knowledge of 

the airplane grows with analyses and wind tunnel tests performed. 

The cockpit also normally shows such a growth s tar t ing with simple 

In some cases where it is  f e l t  necessary, s t ructural  e l a s t i c i ty  effects  

The simulation of the aero- 

In certain cases of extremely complex systems, a second pa r t id .  "iron 

bird" may be bu i l t  t o  obtain r e l i ab i l i t y  and qualification information on 

the system and the components i n  addition t o  the system performance informa- 

t ion normally sought on the "iron bird". 
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In some cases a final stage of simulation would be t o  connect the 

actual airpalne system with analog canputera t o  prove the performance. 

Referring back t o  Figure 2, le t  UB pass on t o  a brief discussion of 

the various mt ion  simulators i n  use. 

available with only one rotational degree of freedom. 

intended function of the simulator, two or three rotat ional  degrees of 

freedom w i l l  normally be incorporated. 

pi tch roll chair used i n  past years at NASA. 

degree of freedom simulators have recently came into being, motivated baeic- 

i a l l y  by interest  i n  space vehicles, VTOL configurations, and reaction con- 

t ro l s .  

are quite elaborate. 

high spin rates  are possible. 

Very f e w ,  i f  any, simulators are 

Depending on the 

An exemple of two rotations is the 

A number of three rotational 

Many of these devices u t i l i z e  a i r  bearings and i n  same cases they 

NASA - L e w i s  has a four gimbal type simulator i n  which 

The rotation simulators of the Link t r a ine r  type have limitations on 

the rotational travel.  

then "washing outtt the motion i n  actuali ty but continuing it on the instruments, 

By incorporating i n i t i a l  motion in to  the simulator and 

what is said t o  be a very effective simulation of continuous motion is ob- 

tained. 

simulator and is referred t o  i n  Figure 2 as "pseudo motion". 

This capability is incorporated in the A i r  Force general purpose 

Centrifuges, as is known, have been ueed t o  produce steady g forces on 

p i lo t s  t o  determine the i r  tolerance and capabili t ies w h i l e  enduring these 

forces. 

f a c i l i t y  i s  available which combines a centrifuge with a piloted capsule with 

two rotational degrees of freedom. 

f a c i l i t y  wi th  respect t o  the X-15 program. 

A t  the Naval Air Development Center at Johnsville, Pennsylvania, a 

Much interesting work was done on this 

An interesting f a c i l i t y  t o  simulate zero g was investigated by Lockheed, 

Marietta, Georgia. This f a c i l i t y  simulates zero g by spinning a man submerged 

. .  ~ 
. . '  . .  . .  .. 



i n  water about his longitudinal axis. 

The only simulator that  the author knows of that  has Just  one transla- 

t i ona l  degree of freedom and no rotational freedom is  the g seat  at G / D ,  

designed t o  study turbulence at low alt i tudes.  Normally i f  translational 

degrees of freedom ere included some rotational degrees are also included 

such as on the pitch - heaving 

North American, Columbus. 

g seats available a t  NASA - Langley and 

Grumman hss a unique f ac i l i t y  which incorporates pitch, r o l l ,  and heave. 

It has both external and internal display and incorporates "wash out" t o  

simulate large motions. 

f l i gh t ,  and approach and landing studies. 

It is especially useful for  VTOL, low al t i tude 

A large simulator is  available at Bell-Dallas t o  study VTOL problems. 

This simulator has a three degree of freedom cabin mounted on a s t rut .  !Chis 

s t r u t  can be moved up and down t o  provide heaving t o  the cabin and also can 

be moved i n  the other two directions t o  provide a corrected ve r t i ca l  accelera- 

t ion as the cabin is rotated. 

NASA - Ames has a s i x  degree of freednm simulator which has a three 

rotation cabin able t o  t ranslate  t o  a limited degree i n  all three axes. 

This would 'be intended for V/STOL arid approach and landing studies. 

Another impressive f ac i l i t y  i s  the NASA - Ames f a c i l i t y  having a three 

rotational degree of freedom cabin able t o  t ranslate  ver t ical ly ,  mounted on 

a centrifuge. 

A number of very elaborate and expensive simulators have been bu i l t  o r  

are in  construction t o  simulate various space missions, rendezvous, docking, 

lunar approach, and lunar landing. 

several simulators a t  NASA - Langley, LOLA and the Lunar Landing Facility. 

Expecially worthy of mention are  the 

To provide the various motions t o  the simulators as  discussed, results 

. . * ' .  . . . . .  
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i n  additional cmplexity and cost so t h a t ,  i n  general, as we move from left 

t o  right on Figure 2 the problems of constructing and operating the simula- 

t o r s  are increased. 

The purpose i n  adding these motions t o  the simulators, of course, is  t o  

add f ide l i t y  t o  the simulation, improving the correlation with actual  fu&t* 
Unfortunately, th i s  correlation is  i n  a very imperfect stage and the answer 

t o  what is the minimum motion t o  provide acceptable f i d e l i t y  of simulation 

is not available. 

It is  quite possible for motion of one s o r t  or  another introduced into 

a simulator, w h i l e  being impressive t o  see,  t o  do more harm than good as far 

as giving resul ts  comparable t o  the flight situation. 

About f i f teen years ago as a resul t  of the newly developed knowledge and 

ab i l i t y  i n  a r t i f i c i a l  I s t a b i l i t y  and canputation, an idea w a s  born of a flight 

research f a c i l i t y  which has been called the variable s t a b i l i t y  airplane. 

the present stage of advanced concepts, a be t t e r  name might be in-flight 

simulation. 

A t  

The latest versions do much more than vary the  s tabi l i ty .  In 

Appendix I1 of t h i s  paper are l i s t e a  all o f t h e  variable s t a b i l i t y  aircraft 

of which the author has knowledge, i n  more or l e s s  chronological order. The 

development of the concept and the increasing c a p l e x i t y  and eJ.so capability 

of these a i r c ra f t  can be followed by reading through t h i s  l i s t i n g  and the 

descriptions. 

its high point with the Air Force-Cornell T-33. 

has t h e  features of variable s t a b i l i t y ,  control, feel, displey and LID. 

has the capability t o  vary s t a b i l i t y  and control characterist ics with t i m e  

such as occur8 in  a re-entry. It does not as yet hew the ab i l i t y  t o  vary 

without varying other derivatives. 

The l i s t i n g  starts wi th  the Cornell-Navy F4U-5 and has reached 

The A i r  Force-Cornel1 T-33 

It 

This  would be a desirable addition. 

The T-33 can also be used as a fixea base ground simulator by connecting it 

t o  an analog computer i n  i ts  hanger. 
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In the area of V/STOL variable s t ab i l i t y  a i r c ra f t ,  NASA - Ames has a 

limited variable s t ab i l i t y  instal la t ion in  an X-14 a i r c ra f t  and NASA - Langley 

has an instal la t ion i n  a helicopter. 

the X-22, which i s  designed from the beginning as a variable s t ab i l i t y  ma- 

chine. 

Coming i n  the future i s  a new a i r c ra f t ,  

Being such a r ea l i s t i c  simulator when properly done, the variable sta- 

b i l i t y  a i rcraf t  is a most valuable research tool.  

evaluation of preliminary design concepts and in  training and indoctrinating 

It is also valuable i n  

f l ight  test pilots.  

trainers.  

s t ab i l i t y  ideas. 

and d i f f i cu l t i e s  t h a t  exis t .  

for  the future,  however. 

The concept has been proposed for  use i n  operational 

Enthusiasts have even proposed a universal t r a ine r  using variable 

Such thinking does not recognize the pract ical  l imitations 

There may be certain possibi l i t ies  i n  this idea 

Experience has shown t h a t ,  i n  common with most f l i gh t  t e s t s ,  use of these 

airplanes for  research and development i s  expensive and time consuming fo r  

each data point obtained. In  the opinion of the author the most suitable 

usage of these airplanes is t o  make f i n a l  checks and correlations of data 

points that  have been explored as well as possible i n  ground simulators. 

See Appendix I11 for  extensive references t o  variable s t ab i l i t y  a i rcraf t .  

TYPICAL USE OF SIMULATION IN RESEaRCH AND DEVEIRPMEWT 

A t  t h i s  point it may be interesting t o  indicate what would be typical 

use of simulators during the research and development cycle. 

Figure 3 shows the various phases of t h i s  cycee. Relatively simple 

fixed base simulators are widely used in  research programs involving the 

human pi lot .  For research purposes, t h i s  simplicity is not necessarily a 
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handicap; It is more important t o  c y e f u l l y  control the experiment and 

specii'y the controlled element precisely than t o  cane t o  as exact similitude 

as possible. 

There are meny basic studies yet t o  be performed on t h e  pilot-vehicle 

cambination for  which extremely simple simulation is ent i re ly  adequate. 

example, use is s t i l l  being made of Dr. Elkind's data, obtained at MIT many 

years ago, following a target  on a scope with an electronic pointer. These 

For 

basic studies end the associated simple simulators are particularly suitable 

for  the university environment. 

s t ab i l i t y  aircraPt,  a Navion. 

a very effective tool  for  demonstrations and research studies e i the r  by 

thesis students or  the faculty. Government f a c i l i t i e s ,  as has been shown, 

have and operate many elaborate simulators for  research purposes. There is 

tendency for these studies t o  become oriented t o  some system under study o r  

development such as Apollo, SST, CX-HIS, C-142, etc. 

tend t o  be related t o  one l a t e r  phase of the research aud developnent pro- 

cess. 

One university, Princeton, has a variable 

It has a simple instal la t ion,  however, it is 

These studies then 

The three phases of primary importance t o  an aircraft canpany are shown 

i n  the center of Figure 3. 

the simple cockpit simulator would be made t o  firm up design requirements 

and t o  give information on specific problem are- not suff ic ient ly  covered 

by general research programs. 

programs would be caused by the mission and configuration. 

the present time t h i s  phase of simuletlon would be considerably higher i f  a 

VTOL fighter were under consideration than i f  a more conventional f ighter were 

in  design. As i e  no doubt obvious both the kinds of simulators used and t h e  

types of programs conducted are very similar t o  those in  the research phase. 

During the preliminary design extensive use of 

Considerable variation in  the extent of these 

For instance, at 
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Variable s t a b i l i t y  a i r c ra f t  can and have been of use i n  examining par t icu lar  

problem areas of spec i f ic  designs not suf f ic ien t ly  understood. 

In  the  detailed development phase, heavy emphasis is l a i d  on the  "iron 

bird" simulator. 

be placed on the equipment development and proof testing. 

I n  a not too  sophisticated system most of the  e f for t  may 

Preliminary 

exposure of t he  f l i g h t  t e s t  group t o  the characterist ics of t he  system W i l l  

be provided i n  order t o  allow proper planning of the  f l i g h t  t e s t  program. 

I n  view of the  elaborateness of the  "iron bird" simulator, consider- 

However, able expense is involved i n  both constructing and operating it. 

i ts  m e  i s  universally endorsed by the  industry, with no exceptions t o  t h e  

knowledge of the  author, as a time and money saver. Basically i t s  use is a 

function of the complexity of the design, t h e  degree t o  which the  design is  

pushing t h e  s t a t e  of the  a r t ,  and, re la ted  t o  the  f i r s t  two, t he  dol la r  cost  

of t he  system. 

t e s t  stage,  the  fan tas t ic  cost of f l i gh t  test time, and the horrendous economic 

waste caused by mistakes, miscalculations, and redesign, the  "iron bird" is  

f e l t  by a l l  t o  be an essent ia l .  

With the  tremendous cost of bringing a design t o  the  f l i g h t  

As t h e  a i r c ra f t  progresses in to  the  f l i g h t  t e s t  stage,  increased em- 

phasis may again be placed on the  cockpit simulator. 

off the  simple simulator and it may be improved t o  demonstrate dangerous 

conditions t o  the p i lo t s  and t o  guide the  t e s t  program. 

u t i l i zed  i n  evaluating the  f i n a l  equipment t o  be used i n  the  production air- 

c raf t .  

The dust may be brushed 

The "iron bird" i s  

I f  t he  par t icu lar  design i s  conventional both i n  aerodynamic configura- 

t i on  and i t s  control system and is of re la t ive ly  low performance, simulators 

may not be used. 

economic factors referred t o  previously and t o  what could be called a 

A judgment tha t  they a re  not needed would be based on the  



"confidence factor". 

engineers are of t h e i r  knowledge and theoretical  calculations. 

This "confidence factor'' i s  a function of how sure the 

Such cases 

with a high "confidence factor" w i l l  be very feu i n  the  future. 

On the  other extreme are the designs which push the  state of the  art 

t o  the extreme such as Dyna Soar, and certainly Apollo. 

research type information is needed and w i l l  be gathered through all the 

phases indicated. 

the basis of the high cost of the t o t a l  system. 

necessarily of high performance or of new design and consequently needs 

much simulator evaluation. 

normal. 

a t ional  use phase merges into the normal f l i gh t  t e s t  phase w i t h  result ing 

readjustments i n  the  consideration of f l ight  t e s t  and operational training 

simulators. 

In  these cases 

Extremely complex simulation can be eas i ly  ju s t i f i ed  on 

Much of the equipment is 

Pi lot  t ra ining needs are much greater than 

I n  view of the research nature of many such vehicles, the oper- 

Users of a i r c r a f t ,  the operational ccmmands of the services and the 

a i r l i nes ,  are most concerned with the operational use phase. 

discussed, very elaborate operational t ra iners  have becane very common. 

The accent has been on procedural training. 

behavior has not been an essent ia l  objective and only recently have any 

motion cues been considered worthy of providing. 

the A i r  Force i n  providing motion cues t o  simulate various maneuvers and 

emergency conditions. Even the a i r l i nes  have become interested as a result 

of the recent ser ies  of incidents and accidents of J e t  transports caused by 

As has been 

Exact matching of t h e  dynamic 

There is n m  interest  i n  

turbulence i n i t i a t e d  maneuver6. 

a i r l i nes  and FAA i n  use of a variable sterbility a i r c ra f t  as a f i n a l  operat- 

ional t r a ine r  for  SST operation. 

There has been considerable in t e re s t  by the  
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NEED FOR AND PHILOSOPHY OF USE OF SIMULATION 

I n  the main, the discussion t o  t h i s  point has been concerned with %hat" 

simulators are available and i n  use. Some of t he  discussion has been con- 

cerned with "where" these simulators are used. 

as t o  "how" t h i s  trend became possible, basically the avai labi l i ty  of cam- 

putation equipment and servo system knowledge and capability. It mey be 

interesting t o  examine br ief ly  some of the underlying reasons "why" t h i s  

trend has become established and is expanding. 

Some comments have been made 

Fundamentally, simulators are used where basic knowledge is weak, 

complex interrelationships are not f u l l y  understood and calculations, 

estimates, or  judgments are not trusted. 

factor,  referred t o  previously, i s  low. 

factors. 

sign through the f l ight  t e s t  phase may be a bi l l ion dollars o r  more. 

on Figure b are some facts on system costs. 

such as Apollo, or  beyond, on the chart the costs would real ly  go t o  an 

asymptote. When we examine the configuration, the speed regimes t o  be 

traversed, and the complexity of'the vehicle t o  perform i ts  mission, the 

reasons for  differences i n  cost between the Wright Flyer and the F-111 

become apparent. These economic "facts of l i f e "  underlie any discussion 

of the trend t o  simulation. 

In other words the confidence 

Also involved are the economic 

With a modern complex weapon system, the costs of carrying a de- 

Shown 

I f  we were t o  include systems 

Another factor t o  be considered is the f ac t  that  for  modern systems 

there may be no extensive production, as such, t o  eliminate "bugs". Under 

such conditions major errors or deficiencies in the design are intolerable. 

The use of simulation is affected by the philosophy of development of 

new a i r c ra f t  i n  a country. Rapid exploitation of the s t a t e  of the art invites 



the "cut and try" approach. 

United States,  exemplified by the research series of d r c r a f i .  

developtuent of new types of a i r c ra f t  proceeded at  a slow steady pace. 

research would normally be properly accomplished prior t o  in i t i a t ion  of 

the design and a designer would not have the compulsion t o  use such ex- 

tensive simulation. 

ledge, however, has become a way of l i f e  and it is not believed tha t  it 

w i l l  change under present conditions. 

Such a philosophy has been followed in the 

I f  the 

This rapid pace of development application of know- 

From the above factors a continual and increasing trend toward complex 

simulation can be predicted. 

Simulators are not only costly i n  dollars t o  build and operate but more 

importantly they are  costly i n  technical ta lent  t o  operate. 

ta lent  of high grade is  not plent i ful  and i f  too much is  t i e d  up i n  

related t o  simulation, t o  the detriment of analytical  studies and planning, 

the consequences can be serious. 

t h a t  sometimes develops, t o  simulate without thinking. This is deadly. It 

results i n  blind repet i t ive programs of l i t t l e  real worth. 

There i s  a very r ea l  danger involved, however. 

Techniei 

Most serious of a l l  is the type of a t t i tude 

This is  not t o  imply opposition t o  simulation, t o  the contrary. Rather 

it is a plea for t h e i r  intel l igent  use. 

Another thought related t o  the above is with regard t o  the organization 

of simulator groups. 

times tend t o  look on the simulator. f a c i l i t y  as t h e i r  g d  and t r y  t o  con- 

t inually develop and improve it whether it is needed or not. 

preferable for  an organization t o  be problem oriented, havlng and using 

simulators 88 necessary t o  solve t h e i r  problems. 

It is the author's feeling that  simulator groups many 

It apperrrs much 



CONCLUSIONS 

In  the  preceding discussion an attempt has been made t o  give S O W  

perspective t o  the subject by c lass i f ica t ion  of simulators in various W B y S .  

a review of various f a c i l i t i e s  available i n  the  United S ta tes  and sane 

h i s to r i ca l  background given. 

system simulators, par t icu lar ly  the "iron bird" type used extensively i n  

development. An indication of t he  typ ica l  use of simulators i n  research 

and development was made. 

of use of simulators were made. 

Discussed in more d e t a i l  were f l i g h t  control 

Finally some notes on the  need for  any philosophy 

I n  closing, it can be s ta ted  tha t  simulation is  a t oo l ,  use it as such 

and do not l e t  it use you. 

The assistance of R. Sickeler,  P. Pietrzak and F/L Harris, RCAF i n  pre- 

paring the  Appendices following i s  acknowledged. 
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