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SUMMARY 

An mvestlgatlon was performed by the Cornell AeronautIcal 

Laboratory, Inc. for the Systems Analysis DIrectorate, FAA/BRD, to deter- 

mme the mxm-num number and kmd of flxed-wng-alrcraft flight smnulators that 

would be needed to represent the range of axcraft likely to be encountered m 

air traffic control problems. Alrplane characterlstxs were exammed and a 

number of alrcraft representmg a cross-sectlon of the current fleet were 

dlwded Into groups based on performance and pilot/crew workload, A survey 

of the flight snnulator field was made to determme types and characterlstlcs of 

both commercially avallable trammg umts and general purpose computer- 

simulators. The fmdmgs of this survey are summarxzed m the tables on 

pp. IV-V1 

The results of the mvestlgatlon showed that a) smnulators are not 

avallable for some alrcraft groups, b) m other groups there 1s conslderable 

dupllcatlon m sx-nulator avallablllty, and c) some snnulators are not partxularly 

sulted for ax traffic control problems. Details of smmlator design, operation, and 

cost were acqumed and are presented. The followmg recommendations are made 

to the Federal Awatlon Agency regardmg the procurement of sxnulators for the 

al= traffic control sm-mlatlon faclllty now under construction at Atlantic City, 

New Jersey. 

1. Usmg Its present snnulators the FAA should mvestlgate 

further the role and requirements for flight simulators 

m the experimental faclllty. 

- 11 - JA-1266-S-8 



2. An ancraft snnulator in the large, clvll, Jet ancraft category 

(Boemg 707 or DC-a) should be acquired. 

3. The purchase of a general purpose compWer -gnnulator 

should be delayed until early snnulatlon expernnents have 

shown whether It IS needed, and have defmed better how It 

would be used. 

4. The psychologxal difference between simulator and actual 

flight operation,, as affected by human operators, should be 

mvestlgated. 

- 111 - JA-1266-S-8 



SUMMARY OF COMMERCIALLY AVAILABLE FLIGHT SIMULATORS 

I. AIRCRAFT SIMULATORS* 

*For deflnltlon, see p. IS 

HFR. SIMULATOR COST 
SIZE, WEIQHT 

REMARKS 
AND LOADINGS 

B-36F 7 

B-50D 
G-52 B,D,F,Q 
C-976, 
KC-97G 
C-l IBA 
C-119&G TYPICAL: 
c-IZIC 
RC-IZID 

F C-lZl)A,C z 
49'xZl-l/Z' 

s 
x IO-l/Z' 

E 

c-130A,fl 
z 

29,500 LBS. 
C-l3lA 

4 C-1331,9 t; 
w 

F FZH-I 

2 FUN-I i 

,250 LB/S& FT. 
(NO MOTION SYSTEM) 
500 LBS/SQ. FT. 

WV-2 (WITH NOTION) 
A9D-2N 

i 
BOEING 377 

cv-3110 
DC-68 
DC-79,C 

LOCKNEED ID990 
LOCKHEED 1649A 

LOCKHEED ELECTRA 
DC-8 
707 

Lz 
a 
z 

F3H-2 $I 0 - I 5 x 106 SEE EACH SIMULATOR IS 

z 

F3H-2N $1.0 - 1.5 x I06 REMARKS HOUSED IN A IO' Y 

P6M $1.5 - 2.0 x I06 40' TRAILER. ALL 
UNITS ARE CLASSIFIEt 

F-86 N A. N.A. - 
F-101 N.A. N A. - 

cz AUD N A. SEE REMARKS TRAILERIZED 
2 

: 

F-lOOA,C,D N.A. 33' x 40' Y II' SIZE, WHEN COUPLED 
ID0 LLlS/SQ. FT. WITH F-151 GUNNERY 

TRAINER: 
90' Y 60' x 20' 

- 
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SUMMARY OF COMMERCIALLY AVAILABLE FLIGHT SIMULATORS 

I. AIRCRAFT SIMULATORS (Cont'd) 

FR. SIMULATOR COST SIZE, WEIGHT, 
AND LOADINGS 

REMARKS 

F9F - 2,5,6 MA 
F-66D.K N.A. 
S2F-I.3 N.A. SEE 
AD-5N N.A. REMARKS 
P2V-5.7 N.A. 

ERCO SIMULATORS ARE 

P5M - I N.A 
PACKAGED TO FIT 

2 
EITHER A 36 OR Uo FT 

: TRAILER(S).12 FT. 
A3D-I N.A. HIGH AHD 6 FT. WIDE. 
RD-I N A. CLASSIFIED UNDER 
B-668 N.A. GOVERNMENT SECURITY 
B-578 MA REGULATIONS. 
F-l05D 
KC-135 $sotl::bo 91' Y 42' Y 14' 

250 LES/SQ. FT. 

DC-a, 707 34' x 29' x 13' 
cv-660 $l,000,000 46,000 LBS 
ELECTRA I65 LSS/SQ. FT. 

F-69D,H $500,000 2U' x 23' x 12' 
29,540 LBS. 

53 LSS/SQ FT. 

F-69J $500,000 25' x 23' X IO' 
38,113O LBS. 

69 LSS/SQ. FT. 

6478 1 <$l,000,000 23' x 12' x IO' 
15,660 LBS 

60 LSS/SQ. FT. 

n-47E <$l,ODO,OUO 23' x 12' x IO' 
16,455 LBS 

68 LSS/SQ. FT. 

F-102 N A. 30' x 27' x 12' 
25,000 LE.. 

50 LSS/SQ. FT. 

F-106 MA MA 
A3J N A. N A. THESE UNITS ARE 

F6U MA NA CLASSIFIED 

B-56 MA MA 

-“- JA- 1266-S-8 



SUMMARY OF COMMERCIALLY AVAILABLE FLIGHT SIMULATORS 

II. AIRCRAFT-CLASS SIMULATORS* 

SIMULATOR 

ERCO-TWIN 

(2-F-25) 

P-3A 

GENERAL 

PURPOSE 

TRAINER 

E-600 

AT-100 

C-II 

HE-I 

COST 

$200,000 
($300,000 WITH 

RADIO AIDS) 

N A. 

N.A. 

$200.000 

$lOO,cQO 

$l00,000 

$300,000 

$bOO,C40 WITH 
COCKPIT MOTION) 

SIZE, WEIGHT, 
AND LOADINGS 

N A. 

N.A. 

N.A. 

17' x 15' - 10,000 LBS. 

22' Y 12’ Y 12-l/2’ 

16’ x 8’ x 9’ 
6690 LBS. 

75 LLlS/SQ. FT. 

20' Y 18-l/2' x IO' 

10,000 LBS. 
40 LBS/SQ FT. 

*For definition, see P. 13 

REMARKS 

PATTERNED AFTER B-25 AND 

CV-340; INSTRUMENT AN0 

NAVIGATIONAL TRAINER; HA3 

LANDING AND TAKE-OFF 

CAPABILITIES. 

PATTERNED AFTER B-25. 

INSTRUMENT TRAINER: NOT 

DESIGNED TO TAKE-OFF OR 

LAND. 

CAN BE OPERATED AS JET OR 

TURBO-PROP, NAVIGATIONAL 

TRAINER: NO GROUND- 

HANDLING CAPABILITIES, BUT 

CAN LAND TO POINT OF 

TOUCH-DOWN 

PATTERNED AFTER CV-340 

PATTERNED AFTER DC-3 
AND CV-3110 

PATTERNED AFTER T-33 AND 
F-60: AC COMPUTATION 

PATTERNED AFTER T-37 
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INTRODUCTION 

This report describes an mvestlgatmn performed by Cornell Aeronautxal 

Laboratory, Inc., under Contract No. FAA/BRD-15, Task Order 8, for the 

Systems Analysis DIrectorate of the Federal Avlatmn Agency, Bureau of Research 

and Development The purpose of the task was to determme the munmum number 

and kmd of an-craft flight sn-nulators that would be needed to cover the range of 

ancraft likely to be encountered m the work of the an traffx control snnulatmn 

facility that 1s now under constructmn at the Natmnal Avlatmn Facllltles Expert- 

mental Center, Atlantx City, New Jersey 

The NAFEC sxnulatmn faclllty ~11 be composed of the followmg basic 

sectlons (see Fig. 1) 

1. air traffx simulator conslstmg of analog target generators, radar 

snnulators, and data reductmn and communxatmn equipment, 

2 an traffuz control center, and 

3 axcraft flight snnulators 

The an traffic sunulator consists of analog an target generators which are 

operated by “pilots” who mampulate then “aircraft” m accordance with a pre- 

arranged flight plan as altered by controllers’ mstructmns The outputs of the 

target generators feed radar snnulators which transform the target posltmn 

data Into radar form. The video targets from the radar sxnulators are then 

fed to the controllers’ displays whxh are a part of the an traffic control 

center (“* 

Smce the usefulness of any evaluatmn of an au traffx control system 

through sunulatmn depends upon the verity of snnulatmn, It 1s u-nperatlve that 

the elements Involved be as reallstlc as possible wlthm the lmnts of practlcablllty 

Numbers m parentheses refer to References, pg. 55. 
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The role of the axcraft flight snnulators, then, IS to provide the system with 

“real” alrcraft whwh ~111 furnish the desired checks on the valldlty of system 

performance with analog target generators. The flight su-nulators xv111 also be 

used as research tools 1x1 other FAA work. The present concept of their appllca- 

tlon IS as follows 

1 Control expernnents to determme the accuracy and valldlty of the 

target generator - human operator combmatmn m the performance 

of air traffic control srmulatlon experiments. 

2. Pllot reactmn and technique studies. 

3. Research on cockplt design, navIgatIona problems, etc. 

4. Proflclency trammg for pllots engaged m full-scale flight expernnents 

5. ATC problems involvmg axcraft flying under emergency condltlons, 

e. g , mum-nun fuel, engme out, communlcatlons failure, etc. 

The speclflc flight sn-nulators selected should possess the capabllltles 

of handling the above problems and should also represent a cross- sectmn of the 

current alrcraft fleet 

This report presents recommendations for the selectlon of flight 

snnulators which appear to be best suted for the FAA expernnental faclllty 

These recommendations are based on the results of an mvestlgatlon of axcraft 

characterlstlcs and a survey of the flight snnulator field 
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AIRCRAFT GROUPING 

One purpose of flight smmlators m the am traffic control expernnental 

work 1s to prowde spot checks on the valldlty of snnplifymg assumptions made 

m representmg the pllot-amcraft component To do this Job effectively, the 

sunulators should be representative of all varlatlons m aircraft complexity and 

capabIlIty to assure that one segment of axcraft ~111 not be unmtentlonally 

favored over another. The loglcal procedure m choosmg snnulators would be to 

group all present-day amcraft m such a way that wlthm any one group the factors 

mfluencmg the traffic control problem would be constant. By then speclfymg one 

snnulator m each group, complete coverage would be accomplished. 

To choose su-nulators m this way mvolves, first, decldmg what these 

factors are, second, procurmg the needed data on a large number of amcraft, 

and third, determmmg some way of reducmg the number of factors to essentials 

so the axcraft can be loglcally grouped. However, all of these tasks cannot be 

performed with certamty at this tnne. The questlon of nnportance of various 

amcraft and pllot factors m am traffx control 1s m Itself the mam one to be 

answered through the use of the snnulators. If the answers were known now, 

modlfuzatlons could be made to the sunpllfled consoles mcorporatmg those 

nnportant factors not now Included, and expernnents could proceed on fmm 

ground 

Acknowledgmg the fact that the important factors are not known for 

certam, one alternatlve approach would be to lust all characterlstlcs which - 

conceivably could Influence the control problem, and group amcraft accordmg 

to these parameters. A begmnmg can be made by restrxtmg conslderatlon to 

those characterlstlcs of the amcraft and pllot whxh can be detected directly or 

mdlrectly by a remote controller and which slgmflcantly affect the control task 

-4- JA-1266-S-8 



Also, attention should be focused on those charactermtics which are lackmg in 

the snnpllfled representation (console and non-pllot operator) Reference 1 

describes the equipment m detail. The console controls a spot movmg m space 

which can have velocity (V), headmg ( y ), altitude (h), acceleration or decelera- 

tlon (V), rate of turn (+), and rate of clnnb or descent (1;). 

. I 

1 The spot moves In a straight lme except when Inputs of V, Y or h 

are applied and when wmd and wmd gradlent with altitude are snnu- 

lated A real amcraft, of course, has contmual varlatlons m V, 7, 

h, V, $ and h which would be quite nnportant when precise navlga- 

tlon 1s required. 

2 There 1s a tnne delay XI the snnpllfled sltuatlon m achlevmg V, Y 

or h m response to the traffic controllers’ command due to operator 

delay and a console delay deslgned to sunulate axcraft’s dynamic 

response But this delay, m a given expernnent, 1s likely to stay 

relatively constant The real amcraft, due to changes m dynamxs 

with speed, altitude, and ConfIguratIon and due mdlrectly to the 

pllot’s many different responslbllltles In the cockplt, 1s much more 

likely to have widely varymg delay times. 

3 The console operator can be mformed of the basic ln-mtatlons m 

performance which must be adhered to such as V V 
max’ mm’ 

V 
max’ 

h 
n-lax’ 

il 
n-lax’ 

and y max, but there are many other factors 

which can Influence real amcraft behawor For example, 

Fuel consumption (affectmg V, c, h, h) 

Approach procedure (V, l$ 

Flap and gear structure (V) 

Basic structural design for normal acceieratlon and gust loads 

w, -i”, 

Instrument flight m severe turbulence (bank angle) 

-5- JA-1266-S-8 



Icmg (V, h, h) 

Passenger discomfort due to pressure changes, turbulence and 

acceleration (V, V, h, h, jl ) 

Emercencles (V, G, h, h, $) 

4. The consoles ~111 have push-button radio communlcatlons and the 

operator’s navlgatlon task IS quite sunpllfled. The pllot many times 

must contend with more complex communlcatlon equipment, and 

navlgatmg often mvolves tunmg electromc alds, mterpretmg their 

InformatIon, readmg maps and radio faclllty InformatIon, and domg 

computation. 

It can be seen from this dlscusslon that a stralghtforward attempt to 

group awcraft accordmg to the above factors, even If the data were avallable, 

would be rendered exceedmgly dlfflcult by the very number of Items to be 

consldered. 

This, then, leads to another alternatwe which was adopted. The alrcraft 

were grouped accordmg to type and number of engmes, weight, and performance, 

smmlar to the groupmg m Task 3 of the FAA/BRD-15 Contract. (See Reference 2. ) 

This groupmg covers the range of all amcraft commonly operated m this 

country, in this respect, It suits the purposes of this present task. But 

beyond this, It 1s evident that this groupmg ~111 result m categories of aircraft 

wlthm which the alrcraft ~111 have a great deal m common from the vlewpomt of 

traffic control. For example, groupmg accordmg to type of power plant at once 

separates the jet alrcraft with their very n-nportant fuel consumption problem 

from propeller driven amcraft which have less crltlcal demands on cruise alto- 

tude, holdmg tune, climb and descent procedures, etc. Groupmg accordmg to 

weight, number of engmes, and performance tends to provide natural separation 

according to the nature of the pllot’s task m the cockplt. As the amcraft becomes 

heavier or faster and the number of engmes increases, the pllot’s task becomes 

more complex, and the difference between the pllot’s task and that of the operator 
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of a target generator 1s greater. Also, with this groupmg, the amcraft m each 

group ~111 be snnllar from the standpoint of possible emergency condltlons which 

could exist and procedures to counteract emergencies. 

The method of groupmg described above was consldered satisfactory, 

and, accordmgly, 63 amcraft were dlmded mto seven groups as shown m Table 1. 

Those performance figures which were readily avallable were Included m Table 1 

for cornparlson purposes. The data for all rmlltary alrcraft were taken from 

Refs. 3 and 4 and are applicable to the “basic rmss1on” as defmed m those 

references. The cw11 alrcraft data were taken from Refs 5 and 6 The cruise 

speed given IS approxnnately the speed for maxnnum range, the stall speed IS 

that for maxm-num gross weight and no flap deflectlon, and the rate of clwnb IS 

approxnnately the maxmum rate of clnnb at sea level at maxmum take-off 

weight. An mdlcatlon of the level flight acceleration charactermtlcs of each 

amcraft was derived from the maxnnum and mmnnum speeds and the maxmum 

rate of clnnb. The measure of over-all acceleration performance was taken as 

the acceleration which would occur If maxnnum power were applied while m level 

flight at the velocity for best rate of climb. The derwatlon IS as follows 

T -D a = - 
w g 

R/C = 
V (T - D) 

w 

(R/C)max = 
VBc (T - WBC 

Therefore 
dImax 

=(at VBC) = 
vBC 

g 

where a : acceleration 

T = thrust 

D = drag 

w = weight 

V 
BC = 

velocity for best clnnb 

g 7 acceleration of gravity 

R/C = rate of clnnb 
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From Ref 

vBC = 

V 
BC = 

7, the velocity for best clnnb was estmnated as 

V 
stall + : w - v n-lax 

stall) for propeller driven axcraft 

1 

1 73 Vmax 
for Jet ax-craft 

The acceleration figure resultmg for each alrcraft was converted to a ratmg -- 

low, medium or high -- for maxmum utlllty of the data 
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TABLE 1 

GROUPING OF PRESENT-DAY AIRCRAFT 

Key to Acceleration Data 

Knots/Set Ratmg 

6tol 5 Low 

16to2 5 Mednun 
Greater than 2 6 High 

Group 1 -- Small, Smgle Engme, Propeller Axcraft 

T-34A 120 
T-28A 149 
Bonanza 155 
Cessna 172 103 

Cessna 180 132 
Hello H-391-S 139 
Plper PA 22 115 
Taylorcraft 20 Ranch Wagon 100 

Cruise 

Wts) 

Stall 

(Kts) 

47 

69 
55 
45 

49 
22 
43 
40 

Climb 

(FPW 
Act 

1,100 Med 
1, 520 Med 
1,000 Med. 

660 Med 
1,130 High 

2,000 High 
725 Med. 

1,000 High 

Group 2 -- Small, Twm Engme, Propeller Axcraft 

Twm Bonanza 143 70 1, 620 High 
C- 45H 128 66 1,260 Med. 
Aero Commander 560 E 183 57 1,450 Med 
Beech Super 18 179 75 1,490 Med. 
Beech Travel Air 169 58 1,330 Med 
Cessna 310 168 60 1,700 High 
Plper Apache 148 45 1,350 High 
T wm Navlon 148 50 1,400 High 

Group 3 -- Small, Piston-Engmed Transports* 
(Gross Weight less than 80, 000 lbs ) 

DC-3 141 65 720 Low No 
C-123 145 80 845 Low No 
c-119c 176 95 730 Low Yes 

C-131A (Convair 240) 183 86 1,195 Low Yes 
C- 13 1B (Convair 340) 168 77 1,175 Med Yes 
C- 131E (Convalr 440) 174 81 960 Low No 
Howard Super Ventura 270 80 2,500 High No 
Learstar Mark II 239 67 2,400 High No 

Simulator 
AvaIlable 

No 

, 

Also Included m thm group, but not llsted due to msufflclent data Martm 202, 
Martm 404 
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TABLE 1 (Cont’d) 
Group 4 -- Large, Piston-Engined Transportsxi 

(Gross Weight greater than 80, 000 lbs ) 

Cruse Stall 

U.-s) (Kts) 

167 88 

190 84 

225 84 

229 97 
183 99 
204 108 
238 102 

297 a8 

Clunb 

~FPM) 
Act. 

DC-4 
C- 12 1A (Constellation 749) 

C- 12 1C (Constellation 1049A) 
DC-6A 
C-124 
C-97A 
DC-7C 
Constellation 1649 

T-33 
F-86F 
T-37A 
F-89D 
F-84G 
F-84F 
Morane-Saulnler 760 Parls 

F-94B 
Supersonic Type l** 
Maxnnum Type 2 
Speed 

Group 6 -- Small Jet Alrcraft 

(Gross Weight less than 40, 000 lbs. ) 

395 105 
460 108 
252 72 
406 118 
427 123 
468 131 
313 78 

382 113 

512 138 
478 169 
520 129 
514 173 

Type 3 
TYPO 4 

C-130A 

Viscount 700 
Electra 
F-27 Frlendshlp 
Vlckers Vanguard 
Viscount 840 
B r~tann~a 3 10 

Group 5 -- Turboprop Transports 

290 94 
283 87 

352 93 
236 70 

365 96 
348 92 
300 115 

. r 

540 Low 
1, 310 Med. 
1,100 Low 

700 Low 
500 Low 
555 Low 
-- -- 

1.660 Low 

1, 770 Med 
1,200 Low 
1, 670 Low 
1,400 Med 
1,800 Med. 
1, 640 Low 
1,430 Low 

3, 440 High 
6, 000 High 
2, 300 Med 
3,400 Med 
5, 300 High 

4, 370 Med 
2,280 Med. 
3,650 High 
5, 000 Med. 
8, 300 High 
7, 000 High 
7, 100 High 

Also included n-i this group, but not llsted due to InsuffIcIent data DC-6B, 
DC-7, DC-7B, 1049C, 1049G, 1049H Constellations 

Deslgnatlon on-&ted for security reasons 

Simulator 

AvaIlable 

No 
No 

Yes 

i 

Yes 
No 

Yes 
No 

I 

Yes 

I 
j. 

No 

Y 

Yes 
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TABLE 1 (Cont’d) 

Group 7 -- Large Jet Ancraft’” 
(Gross Weight greater than 40, 000 lbs ) 

B-57C 
B-66B 

KC-135 
707-320 
DC-8 
Caravelle 
Comet 4A 
Convair 880 

Bombers C 
Type 1 
Type 2 
Type 3 (Supersonic) 

Group 

Cruse Stall Clnnb 

Wts) (Kts) (FPM) Acc 

411 109 

459 131 
462 128 

526 99 
496 101 
420 91 
425 116 

509 117 
433 154 
453 141 
544 97 

SUMMARY 

Cruise 
(Kts) 

Stall 

(Kts) 

Cln-nb 

C-M) 

loo- 155 22- 69 660- 2,000 

128- 195 45- 75 1,260- 1, 700 

141-270 65- 95 720- 2,500 

167-238 84- 108 500- 1,310 

236-365 70-115 1,200- 1,800 

252-520 72- 173 2,280- 8, 300 

411-544 91-154 1,860- 4,000 

4,000 
3, 640 
2,250 

__ 

2,300 
1,860 
3,000 

2,560 
2,110 

-- 

High 
Med. 
Low 
-- 

Low 
Low 
Med. 

-- 

Med 
Low 

High 

Sunulator 
AvaIlable 

Yes 

* 
Also Included in this group, but not llsted due to lnsufflclent data 707- 120, 
707-220, 707-420, 707-023, Convair 600, DC-8 IntercontInental 

No 
No 
Yes 
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FLIGHT SIMULATORS 

GENEeAL DESCRIPTION 

A flight snnulator IS basxally a cockplt with associated controls and 

mstrumentatlon lmked to an analog computer havmg the capacity to work m real 

tune. The “amplane” 1s manually controlled m the cockplt sectlon and the 

resultmg control signals are fed to the analog computer whxh solves the alrcraft 

equations of motion Outputs from the computer are then fed to flight mstruments 

m the cockplt yleldmg appropriate mstrument readmgs m accordance with the pre- 

vallmg “flight condltlons”. 

There are numerous types of sm-mlators and they vary m versatlllty, 

capablllty, performance, and prxe The followmg dlscusslons pomt out some 

of the aspects m whxh the umts differ 

Flight smulators can be dlvlded Into two basic categories (1) research 

tools, and (2) trammg devices 

Research Tools 

In the field of research , general purpose computmg equipment (both 

analog and dlgltal) has been used extensively for the purpose of solvmg problems 

mvolvmg alrcraft dynarmcs While this work has been called “sm-mlatlon”, It 

has usually Included only a computer solution of the axcraft equations of motion, 

and did not mvolve manual control Inputs from a cockplt sectlon Only recently 

has there been any development of full-fledged snnulators havmg the flexlblllty 

requred for research work. Umts of this type are dlscussed m more detail m 

the sectlon on Axcraft Slmulatlon Usmg General Purpose Computmg Equipment, 

pg. 46 
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Trammg Devices 

The Lmk Tramer, the forerunner of modern flight su-nulators, was 

developed m 1929 to assist m the teachmg of radio and mstrument flymg pro- 

cedures. It was 20 years later, early m 1949, that the first electromc snnula- 

tar was put mto service. (8) Smce that tmne, tremendous advances have been 

made m the methodology of sm-mlatlon so that, today, an extremely convmcmg 

llluslon of flight can be created on the ground with complete safety and relatively 

low cost 

Flight smmlators deslgned as trammg devices can be dwlded Into the 

followmg two groups 

1 Amcraft-class snnulators -- those which smnulate a general alrplane 

type that 1s typlcal of an amcraft class. 

2. Amcraft snnulators -- those which snnulate a partxular amplane 

Amcraft-class smnulators, sometimes called tramers or duplicators by 

the Industry, are charactermed by the followmg 

a. These snnulators are patterned after a particular amplane, but 

cockplt mterlor, mstrument layout, and flight characterlstlcs are 

approxnnated rather than bemg falthfully duplicated 

b Basx emergency sltuatlons (engme out, commumcatlons fallure, 

etc ) can be snnulated 

C Some umts are deslgned for speclallzed tasks, such as mstrument 

or navIgatIona trammg and may not have the capabllltles to snnu- 

late the au-craft over the complete flight spectrum 

d. In general, axcraft-class snnulators are much less complex than 

alrcraft sunulators and are, therefore, less costly. 
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Alrcraft smmlators have the followmg characterlstlcs 

a. These sunulators duplicate, as accurately as possible, both flight 

characterlstlcs and cockplt mterlor of a particular model of an 

alrcraft 

b The cockpti IS usually outfltted with a complete set of controls, even 

those which do not affect the flight of the alrcraft, such as cabm 

lights, am condltlonmg, etc 

C. A large number of malfunctions and failures of practxally all equp- 

ment can be snnulated. 

d Because these units are complex and have “custom-bult” features, 

they are much more expenswe than axcraft-class snnulators 

GENERAL CHARACTERISTICS OF FLIGHT SIMULATORS 

The following dlscusslons of snnulator characterlstxs pertam, In 

general, to both alrcraft and alrcraft-class snnulators. Speclflc characterlstlcs 

appear In the sectlon on Manufacturers’ Data, pg 30. 

Inltlal Cost 

The general feeling In the snnulator field IS “One mllllon dollars ~111 

buy one flight sxnulator” referrlng, of course, to alrcraft (as opposed to 

alrcraft-class) sunulators Actually, the price of axcraft sunulators was found 

to vary from $500, 000 for the smaller, less elaborate units to $1, 500, 000 for 

trallerlzed versions of the newer, more complex sxnulators AIrcraft- class 

snnulators were found to be much cheaper, costing between $100, 000 and 

$500,000. 
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The relatively high cost of amcraft sm-mlators IS due to some extent to 

the custom-built features which preclude the use of the “mass-production” tech- 

mques that can be utlllzed m the manufacture of amcraft-class snnulators This 

custom-bulldmg IS necessitated by the alrlmes’ lack of standardmatlon of cockplt 

mterlors, mstrument layout, auxlllary equipment, etc. Therefore, an alrcraft 

snnulator for one of the amlmes must be “tallor-made” to the customer’s speclfl- 

catlons. Consequently, It 1s sometlmes possible to obtam a reduction m cost of 

10-25s by ordermg a sxnulator ldentxal to one of the previous umts 

For the most part, however, axcraft smmlators are more expenswe 

than alrcraft-class snnulators smnply because they provide more complete and 

more accurate sm-mlatlon 

Operatmg Costs 

A table of operatmg costs IS presented on pg 16 for a typxal flight 

snnulator. Although Table 2 pertams to one of Lmk’s Jet sm-mlators (Douglas 

DC-8, Boemg 707, Convair 880, or Lockheed Electra), It can be used as a basis 

for calculatmg operatmg costs for other umts Note, however, that m FAA 

appllcatlons, the cost of a quallfled pllot to “fly” the smmlator may be an addl- 

tlonal Item 

Size and Weight 

The floor area and floor loadmg ,requmements vary for different 

smmlators, but whenever possible, this mformatlon was obtamed from the 

manufacturer and appears m the Manufacturers’ Data, pp 30-45 

Because the space avallable for the FAA smnulatlon faclllty IS llrmted, 

the floor area required ~111 be a maJo= conslderatlon m the selectlon of snnulators 

unless means can be found to alleviate the space requirements. 
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Economy of Operation 

POWU” 

Basic Trama 444KWat 04 $178 
Lmk vuul system 

(complete with bghts) 26 5 KW at 04 103 
Motmn 74KWaf 04 30 

Total per hour G-ii 

Pm~““d 

Based on 1Cbyea1 hfe and residual value of 20% 
or $2oo,coO 00 

(1, 40 brs per week or 2080 bn/yr % 
(2) 80 L-m per week or 4160 hn,yr 
(3) 100 hrs per week or 5200 brs/yr 

(ConsIdered to be manmum utdlzanon) 

Teal cosl per Hour 

Mamtenance (2 men, 1 doubles as RaQo Ads Operator) 
2 at $5oo/mc or 52 90 per hour $5 80 

Instructor-1 at $650/mo 01 $3 75 per hour 3 75 

Total per hour (cxchdmg shft ddimnal rate) s9 
a- 

spara hlis 

(1, at 40hrrperweek S 55 47 
(2) at 80 hrs per week 35 76 
(3) at 1W hrs per week 3182 

Based 00 8. 16. 20 hn/day utizatwn 
Total per how* 

Smwlder C& 

$3 00 

hImal cost $1,ODo,0%3 00 
hstauauon cast (excludmg shlpplng cost) 

( 1) 4 Customer Tech at $93 per day for 
30 dap 2,790 00 

(2) 1 Lmk Tech for 30 days at oo addmonal 
cost -CL 

Total $1,002,790 00 

COST PER HOUR 

Dally Utduanon 

Bim 16hrs zohrs 

Power 3 11 3 11 3 11 
hlXO”btd 955 9 55 9 55 

spmnx 300 3 00 300 

Depmimtmn 3865 19 32 15 46 
cost of 2% 116 78 70 

Downfime - - - 

lotmis $55 47 $35 76 $3182 
(1) each 1,ooO hm - mmor mspectlon - accompbshed d-g 

prefbght and shutdown periods 
(2) each 5.ooO hrs - mqor overhaul 

38 65 
19 32 
15 46 

1 Summary 1 

TABLE 2 EXAMPLE OF SIMULATOR OPERATING COSTS 



One solutmn would be the use of trallerlzed snnulators m either of two 

ways (1) trailer-mountmg the entlre sunulator, or (2) trailer-mountmg the 

computmg sectlon and mstallmg the cockplt sectlon in the snnulatlon bulldmg 

In either case, the only requrement would be adequate parkmg area adJacent 

to the bulldmg housmg the snnulatlon faallty 

The trailers are usually 40 ft. long and 10 ft. wde or 40 ft long and 

8 ft wide wth expanding sides (expanded width 14 ft. ). The mayor disadvantages 

of trallerxzed simulators 1s the cost, which runs 10-150/o higher than that for a 

floor-mounted snnulator. Thm addltlonal expense 1s due to the followmg 

1 packagmg problems, 

2. cost of the speclal trailer, and 

3 cost of associated equpment heatmg, air condltlonmg, etc. 

Another solution to the lnnlted space problem Involves the separation of 

the sm-iulator computer from the cockplt sectlon -- that 16, housmg the cockplts 

m one bulldmg and the computers m another The Inherent problems of separatmg 

electromc components are dlscussed below 

Snnulator Computers 

The analog computmg sectlons of flight sm-mlators can be dlvlded Into 

two basx categones DC computers and AC computers. 

Some of the prnnary characterlstlcs of DC computers are 

1 Varmbles are represented by the magmtude of posltwe and negative 

DC voltages 

2. High quality DC ampllflers must be used to mu-,nn~ze drift 

3. Integrations are performed smply with a DC ampllfler and capacl- 

tlve feedback yleldmg accurate mtegratlon for both large and small 

variations 

4. Multlplxatlon and function generation are performed by servos 
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Some of the prnnary characterlstlcs of AC computers are 

1. Variables are represented by the amplitude of AC voltages. Posltlve 

signals are dlstmgulshed from negatwe signals by a reversal m 

phase (180° phase shift) of the AC voltage 

2. Because of the Inherent capacitance and mductance m the computmg 

clrcults, careful lead wx-e placement and shleldmg are required m 

order to mantam zero or 180” phase with respect to some reference 

s1gl-d 

3. Integrations are performed by electromechamcal mtegrators of the 

servo type which fun&Ion well for large varmtlons, but perform 

relatively poorly for small varlatlons or rapldly changmg quantltles 

However, AC mtegrators are capable of multlpllcatlon and function 

generation directly wlthout the use of addItIona servos. 

Manufacturers of flight sm-mlators are quck to pomt out the merits of 

the particular system they use,” however, It IS becommg common practice to 

employ both AC and DC computmg components m a snnulator, thereby utlllzmg 

the advantages of both systems. It should be emphasmed that good sn-nulator 

rellablllty and mamtenance are prmmrlly functions of good engmeermg practice 

and are not greatly dependent upon the type of computmg used 

Perhaps, the choxe of AC or DC may be most Influenced by the problems 

encountered when attemptmg to separate snnulator components by large distances 

of the order of 300 to 500 ft. The cables connectmg the components ~11 be sus- 

ceptlble to stray Inputs from external sources and steps must be taken to reduce 

this “noise” pxkup Direct current cmcults can be shlelded wlthout dlfflculty 

and presumably, the only other reqmrement for separation 1s an mcrease m wme 

size to avold large voltage drops. Shleldmg AC lmes, however, 1s not always 

* 
For both sides of the argument, see Refs 9 and 10 
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feasible Low impedance cm-cuts present no problem, but the added capacitance 

of shleldmg precludes Its use for high mnpedance clrcults. In such cases, other 

lYleall*, such as the use of buffer ampllflers, must be found to resolve the “noise” 

problem 

In any event, It 1s felt by smxulator manufacturers that both AC and DC 

computers can be separated from the cockplt sectlon If proper shleldmg or “black 

box” techmques are employed, and the addItIona cost Involved would be less than 

that requred to trallerlze the snnulator 

Accuracy 

The Inherent accuracy of any flight sunulator depends upon the cumula- 

twe effect of a number of factors, such as the valldlty of propulsive and aerody- 

namx data, the fldellty of representation of this Input data, the preclslon of 

computing components, etc It 1s x-nperatlve that the errors Introduced be kept 

to a mmunum so that the degree of snnulatlon IS such that a reallstlc lmpresslon 

of flight IS presented. 

Unfortunately, It 1s very dlfflcult to determme the faithfulness with 

which a snnulator duplicates the behavior of the real alrplane wlthout resortmg 

to exhaustive acceptance tests which are equivalent to flight tests of actual air- 

craft. However, as an mdlcatlon of sm-mlator accuracy one can consider manu- 

facturers’ tolerances. 

It 1s the general practxe wlthm the mdustry to mamtam the followmg 

tolerances on flight smmlators 

Performance factors (Vmax, R/C, Vs, etc ) + 5-1070 

Secondary factors (stick forces, temperatures, etc. ) t 15-25’7’0 - 
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Some detalled tolerance figures for a typlcal alrcraft sn-nulator are 

presented m Table 3 on pg 21 It 1s the clam-~ of smmlator manufacturers that 

the flnalleed units, bwlt to these tolerances, xv111 behave wlthln the productlon 

tolerances of the actual alrcraft Tolerance curves for a typlcal alrcraft-class 

snnulator (Link E-600) are presented In Figs 2-6 Although the tolerances may 

be reasonably small, It must be remembered that, In the case of alrcraft-class 

sxnulators, the performance curves, themselves, are only approxnnate represen- 

tatlons of actual alrcraft characterlstlcs 

The above dlscusslon of tolerances pertains to steady- state performance 

In general, the dynanucs of the alrplane are snnulated less accurately in even 

the best snnulators,Q however, dynamic characterlstlcs such as stall, short 

period, phugold, etc may not play an xnportant part in ATC studies It IS 

recognized, however, that dynamics may be n-nportant in any snnulatlon If the 

axcraft has dlffxultles In this area By zncreasmg the pilot’s attention required 

for Just flying the alrplane, It reduces the tn-ne avallable for navlgatlon and radio 

procedures It also Increases dlfflculty In malntanung the desired flight altitude, 

heading, and alrspeed 

It 1s mterestlng to note that a sn-nulator, before It 1s flnallzed, IS 

always calibrated by a group of pllots with appropriate experience and the snnu- 

lator characterlstlcs are then adJusted until the pllots are satlsfled v&h the 

analog (’ 3’ The following comments, taken from Ref 14, lndxate some of the 

shortconungs that can be detected by experienced pllots The partxular snnu- 

later under test was the F-100A coupled with F- 151 Gunnery Trainer Steps 

were taken by the manufacturer to remedy these faults in later versions of the 

simulator. 

For a detalled dlscusslon of the accuracy of dynamic snnulatlon, see Refs. 
11 and 12 
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TABLE 3 

TYPICAL AIRCRAFT SIMULATOR TOLERANCES 
(From Link 707 Spec.) 

ITEM 

Indicated axspeed 

Rate of clunb 

Altxneter ground reading 

Tune to accelerate on ground 

Take -off attitude 

Txne from TD to complete stop (no brakes) 

Longltudlnal force 

Lateral force 

Normal force 

&all speed 

<nglne RPM tune responses 

rail-pipe temperature 

‘uel flow 

Uevator control forces 

illeron control forces 

<udder control forces 

-urn rate 

TOLERANCE” 

+ 5 knots or + 1% 

+ 50 fpm or + 5% 

t 30 ft. - 

t 2 sec. or t 5% - 

t 2.0 deg. - 

+ 10% 

t 3% or l/500 gross weight 

t 3% or l/500 gross weight 

+ 3%oor+ O.lg 

t 5% 

t 2oqo - 

t 25% 

t 100 lbs./hr. or t 5% - - 

t 3 lbs. or t 10% - 

t 3 lbs. or t 10% - - 

t 5 lbs. or t 25% - 

t 10 deg./ml*. or t 10% - - 

5 
whlchever 1s greater 
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10% O'R f IOi FPM j 

2 u 6 a 
TIME -t - MINUTES 

OESlkED VAiUE 1 

------ TOLERANCE .._._.. i ._...__._: _.___.. : __.__.._.: .__._....: 

___....._; _..___ -.: 

FIG. 2 RATE OF CLIMB TOLERANCE FOR TYPICAL AIRCRAFT-CLASS SIMULATOR 
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0 100 200 300 
TRUE VELOCITY - KNOTS 

FIG. 3 RATE OF TURN TOLERANCE FOR TYPICAL AIRCRAFT-CLASS SIMULATOR 
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FIG. 4 

h - 10.000 FT. 
GEAR UP, POWER OFF 

0 .2 .Y .6 .a 1.0 

WING FLAP DEFLECTION 

STALL SPEED TOLERANCE FOR TYPICAL AIRCRAFT-CLASS SIMULATOR 
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1” 

, : 

ALTITUDE = IWO FT, 

: j 

: , 

I : 

IO---" . 

0 IO 20 30 

TOTAL AILERON DEFLECTION - DEG. 

FIG. 5 AILERON STICK FORCE TOLERANCE FOR TYPICAL AIRCRAFT-CLASS SIMULATOR 



90 50 

MANIFOLD PRESSURE - IN. Ng. 

FIG. 6 FUEL FLOW TOLERANCE FOR MPICAL AIRCRAFT-CLASS SIMULATOR 
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1 “The forces requred to move the control stick were so great that 

pllots unconsciously used both hands to control the tramer ” 

2 “Aileron control was extremely sensltlve This caused the pllots 

to set up lateral osclllatlons in the tramer I’ 

3 “A longltudmal overshoot caused the pllots to over-correct constantly 

while trackmg the target ‘I 

4 “Acceleration and deceleration rates are low . this causes an 

experienced F- 1OOA pllot to use afterburnmg too often to mamtam 

flight condltlons which seem normal. ” 

5 “For a gwen power settmg, the clu-nb rate and the mdlcated axspeed 

are low. ‘I 

6 “The G forces whxh can be obtamed and mamtamed [on mstruments] 

are unreallstlc ‘I 

FLIGHT SIMULATOR ACCESSORIES 

Snnulator manufacturers provide a number of auxlllary devices which are 

not essential for basic sm-mlator operation, but do help to present a more convmcmg 

lmpresslon of flight In some cases, these accessories are Included as standard 

equipment, but m others, they are supplled as optlonal, at extra cost 

Noise Sunulatlon 

Smmlatlon of engme and alrstream noise 1s standard on practically all 

flight tramers of both types (alrcraft and amcraft-class) The noise generated 

varies m both frequency and amplitude dependmg upon the flight condltlons In 

some trammg umts, the noise of auxlllary equipment, such as motors and genera- 

tors, IS also sxnulated Tme screech, which 1s almost always su-nulated, 1s 

extremely Important smce, m the smulator, It. 1s the pllot’s only mdlcatlon that 

he has touched the ground (In some Instances, this 1s augmented by “landmg 

bounce” from a motion system ) 
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Motmn Systems 

It 1s mposslble to snnulate the correct physlcal sensatlons of flight, but 

means have been devised to provide the pllot with, at least, a partial representa- 

tmn of his orlentatmn and the forces actmg on hmn In the Lmk Tramer of 1929, 

angular movements of the cockplt were reproduced quite reallstlcally, but this 

type of motmn system which snnulates orlentatlon, but not forces, often presents a 

mlsleadmg nnpresslon of flight For example, m a coordmated turn, the cockpit 

~11 roll provldmg the pllot with the correct visual sensatmn of bank but also the 

physxal sensation of lateral acceleratmn This presents the mnpressmn, not of 

a coordmated turn, but of a sidesllp On the other hand, It 1s quite mposslble to 

duplicate the actual accelerations felt by the pllot durmg varmus maneuvers As 

a compromise, the motmn systems currently m use are hydraullcally-actuated to 

reproduce only the mltlal build-up of acceleratmns whxh are allowed to decay 

nnperceptlbly as the alrcraft motmn reaches steady accelerated states. This 

allows the actual cockplt movements to be kept wlthln manageable proportlons and 

still give the pllot all the physlcal warnmg of the axcraft’s responses to his control 

efforts (13’ Motion systems of this type, costing $50, 000- 100, 000, not only give a 

reasonably convmclng lmpressxm of flight, but they provide the pllot with force 

cues, thereby allevlatlng the tendency to “overload” the alrcraft 

Visual Landmg Systems 

There are two sn-nllar visual systems, both employmg a vertically 

mounted three-dlmenslonal terraln model with a traveling TV camera which 1s 

displaced and rotated by signals from the computmg sectlon of the sn-nulator 

1 Link Visual System Mark IV 

a. Model size loft x7oft 

b Model represents terraln 3000 ft. wide by 7000 ft long 

c PIlot’s vlewng angle (horizontal plane) approximately 45” 

d Breakthrough 600 ft or less 
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e. Night or day landmgs (addltmnal vlslblllty data unavailable) 

f. cost $200,000 

2 Curtlss- Wright “Vlsulator” 

a Model size 8 ft x 13. 5 ft 

b Model represents 10 sq rmles 

c Pllot’s vlewmg angle (hormontal plane) 90” 

d Vmblllty zero to unlnnlted 

e Cost $145,000 

Another notable visual system 1s the DALTO (Doman-Approach-Landmg- 

Take-Off) manufactured by Doman Hellcopters, Inc This umt employs a horizon- 

tal movmg belt on which are pamted fluorescent markmgs that duplicate runway 

lights and markmgs. A TV camera photographs the display and the picture 1s 

proJected on a screen m front of the cockplt m a manner smmlar to other vmual 

systems This system permits breakthrough at 300 ft or less and snnulates 

wslblllty from 300 to 2600 ft 

Radio Alds 

Most flight tramers of both types provide snnulated radio statlons 

(usually from 2 to 6 m number) as standard equipment These statmns, usmg 

the appropriate call letters and frequency, can be posltmned geographxally on 

a radio aids map board and can snnulate such facllltles as VOR, ILS-GCA, LFRR, 

DME, etc The mcluslon of radm alds mcreases the cost of a snnulator by 

approximately $100,000 

An eight-statmn Automatic Radio Alds Umt (AT-500) manufactured 

by Am Tramers Lmk Ltd ” 1s avallable for use with flight tramers havmg no 

radio alds smmlatmn 

Ax Tramers Lmk Ltd of England 1s a subsldlary of Lmk Avlatmn, Inc 
Purchases can be made through Lmk Avlatlon, Inc., Bmghamton, N Y 
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SYSTEM COMPATIBILITY 

It 1s Important to note that flight snnulators are deslgned as self-contamed 

trammg umts, whereas m FAA appllcatmns, they ~111 be one lmk m a large system 

Consequently, the sxnulators must be capable of supplymg mformatmn to other 

components m the system. 

Any output or Input which rmght be of Interest m an analysis of ali- traffic 

control problems certainly appears somewhere m the computmg sectlon of a flight 

sm-mlator If the quantity appears as a servo shaft rotatmn, a potentmmeter 

excited by an external voltage may be connected to the shaft If the quantity 

appears as a voltage, It can be transformed to another voltage compatible with a 

computer, radar snnulator, recorder, etc In any event, snnulator manufac- 

turers are certain that It 1s feasible to extract data from the snnulator and feed 

It to another component In the system wlthout unreasonable expenditure of tnne 

or money 

MANUFACTURERS’ DATA 

The following pages present a summary of lnformatlon obtalned from 

fwe maJo= simulator manufacturers Whereas all the companies produce tralnmg 

units for the mllltary, only Curtlss- Wright and Lmk manufacture simulators for 

clvll alrcraft 

All figures and data were obtalned from either manufacturer’s representa- 

tlves or company publlcatlons. AddItIonal InformatIon In the form of sales bro- 

chures and mstallatlon handbooks can be obtalned by wrltmg directly to the 

companies The followmg reference contams a large quantity of data pertammg 

to flight sn-nulators used by the Air Force 

Standard Alrcraft Flight Sn-nulator Characterlstlcs 

Air Force Guide No 4 Orange Book 
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Curtlss- Wright 

1 Design Features and Accessories -- Almost all of Curtlss- Wrlght’s 

sunulators have used AC computation up to the latest clvll Jet and turboprop trans- 

port umts Non-lmear aerodynarmc functions are generated with potentiometers 

which are wound on contoured cards This gives smooth, accurate representation 

of the function but replacements cannot be made from stock Items. A full comple- 

ment of accessories IS avallable, mcludmg a newly developed visual system, cock- 

pit motion (pitch and roll), and cockplt noise (engme, aerodynamic, crash, tme 

screech) 

2. Cost -- Imtlal cost varies from $500, 000 to $1, 000, 000 dependmg 

on the complexity and year of design No speclflc operatmg figures were given 

by Curtlss, but a plannmg manual (which has been furmshed the EAA) Included 

data whxh could be used to arrive at some costs Mamtenance was estimated at 

1 62 man-hours per hour utllrzatlon based on eight hours per day operatmg tune 

Data on spare parts needed over a 3000 hour period are also Included, and per- 

sonnel requirements are also dlscussed 

3 Weight -- The typlcal snnulator weighs about 29, 500 pounds uncrated 

with the heaviest smgle piece welghmg 2000 pounds The floor loadmg of the 

heaviest piece of 250 pounds per square foot (see Fig 7), although transient loads 

up to 500 psf can be encountered when cockplt motion 1s present Most umts are 

mounted on legs which concentrate the load up to 350 psi Steel plates can be used 

to spread the load If necessary 

4 Size and General Layout -- Curtlss uses a layout which places all 

computmg and power equipment behmd the cockplt (see Fig 8) The sxnulator 

sme varies dependmg on the accessories used Wlthout visual or motion sm-mla- 

tlon, the sn-nulator 1s 39 feet long, 13 5 feet wide and 9.5 feet high, 40 x 20 5 x 14 

with visual system (does not Include visual studlo 19 x 8 x 12), 42 x 13 5 x 12 5 

with motion, 43 x 20 5 x 18. 6 wth visual and motion 
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111 L ,“‘I I 

KEY TO LOADING 

A- 100 lb/ft. 2 

B- 150 lb/k 2 

ESTIMATED TOTAL SIMULATOR WEIGHT - 

29.500 lbs. 

c- 2oolb/ft.2 

D- 250 lb&. 2 

Above values are maxmmm 

FIG. 7 FLOOR LOADING ESTIMATE FOR CURTIS.%WRIGHT DEHMEL SIMULATOR 



FIG. 8 GENERAL LAYOUT FOR CURTISS-WRIGHT DEHMEL SIMULATOR 

IMTERIOR OF SIMULATOR 



5 Power and Ax-Condltlonmg Requrements -- Three phase, Y- 

connected power 1s requred at 208/120 t 10 volts and 60 cps. A mmm-nnn of 50 - 

kllowatts plus 20 for visual system and 10 for cockplt motion 1s required The 

maxnnum allowable rate of lme voltage fluctuation IS 10 volts per second, max; 

mum dIstortIon IS 6% and maxmnum unbalance 2% The sm-mlator has an mterlor 

five-ton ax-condltloner which can absorb 60, 000 BTU per hour Smce the total 

heat liberated 1s 136, 000 BTU per hour this leaves 76, 000 BTU per hour which 

enters the smxulator room. Curtlss recommends room air-condltlonmg to control 

temperature and humldlty and remove dust 

6 Speclfx Data - - Curtlss has built smmlators of the followmg 

amcraft 

B-36F c-121c FZH- 1 

B-50D RC-121D F4H- 1 

B-52B, D, F, G C-124A, C WV-2 

C-97A C-130A, B A4D-2N 

KC-97G C-131A Boemg 377 

C-118A C-133A, B cv- 340 

C-119C, G DC-6B 

DC-7B, C 

Lockheed 1049-G 

Lockheed 1649-A 

Lockheed Electra 

DC-8 

707 

Also avallable 1s a general purpose navlgatlon tramer It can be made 

to represent either a Jet or a turboprop axcraft, and can be landed to the pomt 

of touchdown. Cockplt motion 1s Included 

The P-3A Duplicator which 1s m use at NAFEC was bult during World 

War II as an mstrument tramer patterned generally after the B-25 It has a 

smgle-place cockplt and was not deslgned to land or take-off. 
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Erco 

1 Deswn Features and Accessories -- All Erco snnulators have AC 

computmg sections, except one of their most recent designs, the F- 105 snnula- 

tor, which has DC computers All snnulators are built to fit m legal- sme trailers 

even though the customer may not requue trallerlzatlon Erco has deslgned a 

visual landmg presentation for their F- 105, and, previously, an Erco carrier 

landmg trammg device had a visual llluslon produced by closed cmcult televlslon 

The other standard accessories of cockplt no188 and motion are also avallable 

2 cost -- The cost IS highly variable dependmg on how complex the 

sunulator and Its trammg rmss~on are The KC- 135 sunulator IS roughly $500, 000 

and the Navy general mstrument tramer (2-F-25) IS $200, 000, with $100, 000 addl- 

tlonal cost for radio alds 

3 Weight -- No general weight data was avallable, but the KC- 135 

mstallatlon speclfxatlon calls for a floor capable of carrymg 250 pounds per 

square foot The heaviest smgle piece of this su-nulator weighs 3000 pounds 

4 Size -- As stated above, all Erco’s sn-nulators ~111 fit In trailers 

These trailers are 12 feet high and 8 feet wide with lengths runnmg from 36 to 

40 feet Some sn-nulators require two trailers The KC- 135 when Installed In 

a room requues a room 38 x 34 x 14 feet high for sufflclent workmg space around 

the snnulator (see Fig 9) 

5 Power and Air-Condltlonmg -- The KC- 135 requres three phase 

power at 208 volts t 10% and 60 cps + 5 cps The load IS 33 kllowatts With the - - 

cockplt and mstructor’s and operator’s statlons am-condltloned by usmg au 

from outslde the snnulator room, the effect on sm-mlator room temperature 

durmg operation should be small (approxunately 16, 000 BTU/hour gam due 

to surface conductance and radlatlon) 
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COMPUTERS t 

40 

DUCTED 
EXHAUST AIR 

I MININUN WIDTH 34 FT. 

FIG. 9 GENERAL LAYOUT FOR ERCO KC-l35A SIMULATOR 
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6 Speclflc Data -- Erco has bmlt the followmg snnulators 

F9F-2, 5, 6 P5M- 1 B-57B 

F-86D, K A3D- 1 F- 105D 

SZF-1, 3 F4D- 1 PZV-5, 7 

AD-5N B-66B KC- 135 

In the lme of ax-craft-class sunulators, Erco has recently deslgned the 

Navy 2-F-25 (Erco Twm) which 1s a twm engmed, reclprocatmg, mstrument and 

navlgatlon tramer, patterned after the B-25 and Convair 340 This smnulator has 

some of the features of more costly snnulators such as take-off and landmg capa- 

blllty and cockplt noise sxnulatlon 

Goodvear 

1 Design Features and Accessorle? - - Goodyear bulds the followmg 

flight snnulators F3H-2, F3H-ZN, and the P6M All these umts are trallerlzed, 

utlllze 400 cps AC computation, and are classlfled under government security 

regulations 

2 Cost -- The F3H-2 and F3H-2N umts cost between 1 0 and 1 5 

mllllon dollars The P6M costs between 1 5 and 2 0 mllllon 

3 Weight -- No data avallable 

4 Size -- All umts are mounted m 10’ x 40’ trailers 

5 Power and Air Condltlonmg -- No data avallable 

6 Speclfx Data -- In addltlon to the above snnulators, Goodyear pro- 

duces a general-purpose umt, the Axcraft Flight Syntheszer (AFS), which 1s 

discussed In d&all m the sectlon on Alrcraft Snnulatlon Usmg General Purpose 

Equpment, pg 46 
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1 Design Features and Accessories -- Lmk uses DC computation m 

special purpose flight smmlators, thereby achlevmg greater accuracy m dynanuc 

flight condltlons Before 1954 Lmk used AC computation, so that only the more 

recent Lmk sn-nulators have this feature Non-lmear aerodynarmc data IS 

represented by tapped potentiometers These have the advantage of slmplxlty 

of manufacture and can be replaced by standard parts, but a small amount of 

accuracy and smoothness of data representation 1s sacrlflced All the accessories 

typuzal of the present state of the art are avallable, mcludmg a wsual system 

operatmg by closed clrcut televlslon, cockplt motion, and noise 

2 Cost -- Flight snnulators representmg all phases of operation and 

mcorporatmg most of the newest developments m the field cost about $1, 000, 000 

The range of varlatlon can be from $500, 000 to $1,500, 000, dependmg on the 

alrcraft, the rmsslon sunulated, and the accessories used Lmk also has manu- 

factured several alrcraft-class sunulators, not slmulatmg any speclflc mrcraft 

but havmg the characterlstxs of a restrlcted class of am-craft The cost of 

these ranges from $100, 000 to $300, 000 

Operatmg cost IS estn-nated by Lmk as $55 47 per hour for Jet alrcraft 

smmlators operatmg eight hours a day 

3 Weight -- Total weight varies from 15, 500 to 48, 000 pounds for 

snnulators of full complexity and 7, 000 to 10, 000 for axcraft class snnulators 

Floor loadmgs are 50 to 185 psf and 40 to 70 psf respectively with up to 340 psf 

generated on the former durmg transients of cockplt motion Some umts are 

equipped with casters so pomt loadmgs are xnportant 

4 Size and General Layout -- The length varies from 17 to 34 feet, 

the width from 8 to 29 feet, and the height from 9 to 13 feet The typlcal layout 

preferred by Lmk IS roughly square as m Fig 10 
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VISUAL SYSTEM 
SCREEN AREA 
18'4" x 9'4" 

RADIO OPERATOR'S 
COCKPIT AREA 
18'4" x 20'4" 

ENCLOSURE AREA 
Ia'-6" x 13'-7:" 

I I 
I 

J 32" I 

+ I 30 3/V DOOR\ 7 

FIG. IO GENERAL LAYOUT FOR LINK BOEING 707 SIMULATOR 

L 



5 Power and An-Condltmnmg Requrements -- Usually three-phase 

208/230 volt power 1s required with t 10% varmtmn tolerated Frequency 1s 

60 cps t 5 cps and the kilowatt requrement varies from 6 5 for the smplest 

tramer to 50 for the most complex Most umts are am-condltmned, but the 

heat exhausted to the room ranges from 8, 000 to 160, 000 BTU per hour 

6 Speafic Data -- The Boemg 707 snnulator and the ME- 1 Jet 

mstrument tramer are described below as representatwe of the two different 

simulator types, 

Boemg 707 -- Cost $1,000,000 

Weight 48, 000 pounds (wth m&on) 

Weight Breakdown 

Max Max Avg 
Umt Weight Floor Load Max Concentrated Load 

Computer Cabmets 22,500# 160 psf 550 lbs on 7 sq III 

Power Cabmets 9,500# 185 psf 1,200 lbs on 7 sq 1x1 

Radio Operator’s Enclosure 4,000# 50 psf 350 lbs on 7 sq in 

Cockplt (Wlthout Motmn) 10,500# 72 psf 3,500 lbs on 45 sq 1x1 

(With Motmn) 12,000# 85 psf 30, 000 lbs max on 96 sq III 

area for 10 mllllsecond 
transient 

Size -- (see Fig 10) Maximum height 13’ 3” wlthout msual system -- 

with visual, 16’ 

Power and Air-Condltmnmg -- 3 phase, 208 volts, 60 cycle, 4 vu-e 

or 3 phase, 230 volts, 60 cycle, 3 wme Voltage regulatmn + 8% 

Frequency regulation t 3% Load 36 kilowatts Total heat exhausted 

to rcmm -- 160, 000 BTU/hour 
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ME-l -- Cost $300,000 

Weight 10, 000 pounds 

Weight Breakdown 

umt Weight Floor Loadmg 

Cockpit 3,500# 57 psf 

Radm Alds Cabmet SOO# 56 psf 

Engme Computer Cabmet 800# 63 psf 

Flt Computer Cabmet 1, OOO# 79 psf 

Hydraulx & Pneumatx Cabmet 1,500# 118 psf 

Power Supply Cabmet 1,800# 142 psf 

Size -- (see Fig 11) 

Power and Am-Condltlonmg -- 3 phase 208/230 volts t 10% Frequency - 

60 cps t 5 cps Load 12 kilowatts (est ) Total heat exhausted to room - 

under most severe temperature condltmns - - 45, 000 BTU/hour 

Lmk has made a snnulator for each of the followmg ancraft 

DC-8” 

Boemg 707” 

Convalr 880 

Lockheed Electra 

F-89, D, H 

F-89J 

B-47B, E 

F-102 

F- 106 

A3.T 

F8U 

B-58 

Also these an-craft-class snnulators have been bmlt 

E-600 (Convair 340 class) 

AT- 100 (DC-3 & Convan 340 class made by An Tramers Lmk Ltd ) 

c- 11 (F-80 class) 

ME- 1 (T-37 class) 

These umts have the flexlblllty to snnulate any of the varmus productlon models 
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21** (ALT.)~ 

I 

NOTE’ 
* 5 INCH HIGH HOOD MAY BE REMOVED 

FOR PASSAGE THROUOH 7 FT. DOOR 

BD'MAX 

I 

A - COCKPIT h PLATFORM 
B - Rmlo AIDS (RECORDER) 
C- ENGINE COMPUTER CABINET 
D- FLIGHT COMPUTER CABINET 
E - HYD. & PNEU. CABINET (WITH BLOWERS) 
F - POWER SUPPLY CABINET 
G - CORNER AIR DUCT h CABLE DUCT 
H - CABLE RACEWAY 

EXTERNAL POWER (APPROX. I4 KVA). EITHER 

230 V, 60 CYCLE, 3 PHASE, 3 WIRE UNGROUNDED SYSTEM 
OR 

208 V, 60 CYCLE, 3 PHASE, 4 WIRE GROUNDED SYSTEM 

.24 3116 DOORS 

OPEN) 

FLOOR LEVEL 

FIG. II GENERAL LAYOUT FOR LINK ME-I TRAINER 



Melpar 

1 Design Features and Accessories -- Melpar IS currently buldmg 

smnulators for the A4D and F-101, prevmusly they produced snnulators for the 

F-86 and F- 100 serws fighters The A4D sm-nulator 1s traderued, but the 

others are deslgned for room mstallatmn All Melpar umts utlllze AC computa- 

t1on Noise and radio ads are snnulated m all umts, and motion 1s provided m 

the current productmn models (A4D and F- 101) 

2 Cost -- The cost of the F-86 and F-100 smmlators 1s $500, 000 each 

The A4D and F-101 cost approxnnately $1,500, 000 

3 Weight -- The F-100A weighs 23,405 lbs and requnes a floor 

capable of supportmg 100 pounds per square foot, no other mformatmn was 

available 

4 Size -- The F-100A requx-es a room sme of 33 x 40 x 11 feet high 

When this snnulator IS used m conjunctmn with the Rheem F- 151 Aerml Gunnery 

Tramer, the reqmred room SYL~ 1s 40 x 60 x 20 feet high (see Fig 12) 

5 Power and An- Condltmmng -- The F- 1OOA requues three phase 

power at 208 volts + 80/o, 60 cps, and 200 amps A second ldentlcal source 1s 

required for the F- 151 Gunnery Tramer The snnulator 1s cooled by two mde- 

pendent air - condltmnmg umt s - - a three-ton umt for the mstructor’s room and 

a l- l/2 ton unit for the cockpit In addltmn, an exhaust fan capable of exhaustmg 

5, 000 cfm to the outslde of the bmldmg 1s recommended 

6 Speclfx Data -- The F- 1OOA smnulator was deslgned to provide 

mstructmn m cockplt farmlmrmatlon, flymg techmque, emergency procedures, 

and radio navlgatmn When used m conJunctmn with the Rheem F- 15 1 Aerml 

Gunnery Tramer, It also provides gunnery practice under wsual flymg condltmns. 
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This unit has facllltles for snnulatlng two radm stations m conJunctIon 

with 800 x 800 nmle and 60 x 60 x-rule plottmg boards 

Turbme whme, exhaust noses, and mstrument mdlcatmns are realls- 

tlcally snnulated 
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AIRCRAFT SIMULATION USING 

GENERAL PURPOSE COMPUTING EQUIPMENT 

The general purpose analog computer and the flight snnulator computmg 

section are quite smmlar The flight snnulator, as described previously, IS 

basically an analog computer wired to solve the am-craft equatmns of motion It 

solves these equations contmually by acceptmg Inputs from the pllot’s controls 

The output motions of the amcraft are obtamed at the appropriate pomts m the 

cmcut and converted to cockplt mdlcatlons The computer 1s bult, as >s a general 

purpose analog computer, from basic components, each performmg an elementary 

mathematical function In one component, the output may be the Integral of the 

Input, m another, It may be Just the negative of the Input, in another, two Inputs 

may be multIplIed together to give the output, in another, the output may be the 

sum of several Inputs, etc 

One of the basic differences between the general purpose analog computer 

and the flight snnulator computer sectlon 1s that, m the latter, these basic buldmg 

blocks are wired together m a permanent fashion to solve one set of equations, 

whereas, the general purpose computer can be easily rewired to deal with any 

computmg problem requrmg the basic mathematical operations which the computer 

can perform 

It would appear that, m the case where the snnulator customer has a 

requmement for general purpose computmg equipment, or has the need to snnu- 

late many different axcraft, the use of general purpose equipment Instead of 

conventional flight snnulators nught be more economical The same equipment 

could be used for a variety of computmg work As new ancraft appear on the 

scene, the same equipment could be adjusted to snnulate then- flight characterls- 

tics Recordmg the motions of the amcraft would requne no addItIona man~pula- 

tlon of the slgnal smce general purpose equlpment 1s deslgned so that all mput- 

output parts of each basic mathematical operation are avallable for direct 

recordmg 
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The answer to the questlon of economy rests to a large extent on the scope 

and fldellty requmed m the smulatlon Am-craft manufacturers and research 

engmeers have been usmg general purpose analog computmg equipment for 

economxal sm-mlatlon of amcraft for many years, but the problems they mvestl- 

gate are rarely of the same order of magmtude as the complete flight snnulatlon 

problem Much of then work does not requme that a cockplt be connected to the 

computer, and typlcally, only the dynamic or transient motions are of Interest, 

whereas m an- traffic control appllcatlons, steady- state flight 1s usually of greater 

importance A common assumption made m dynamxs work IS that the alrspeed 1s 

constant This assumption greatly snnpllfles the snnulatlon task smce aerodynamic 

parameters which are a function of Mach number can be kept constant and the number 

of equations reduces from SIX to five Such a snnpllflcatlon, of course, IS not 

feasible when a wide range of flight condltmns must be sm-mlated, as IS the case 

m an traffic control problems 

In a few mstances, engmeers have used general purpose equipment m a 

snnulatlon effort approachmg that achieved by flight sunulator manufacturers 

But here the gams in versatlllty of equpment begm to be nulllfled by the complex- 

lty of the problem An example of such an effort 1s the work of the Anborne 

Systems Laboratory of RCA m Burlmgton, Massachusetts In testmg pilot 

reactlon to various fme control systems, high-performance, smgle engme 

fighters are sxnulated throughout much of theu flight regme Electromc 

Assocmtes’ PACE equipment 1s used mcludmg 300 operatlonal ampllflers, lb 

preclslon resolvers, 20 multlplymg servos, 20 function generatmg servos, and 

10 rate resolvers (Integrators) Reallstx cockplts are used and many, but not 

all, of the cockplt controls and mstruments are snnulated. The computation 

equipment IS valued roughly at $500, 000 and the cockplt and associated servo 

equipment at $200,000 Several techmcmns are employed to trouble- shoot, 

repau, and augment the equpment It was stated that roughly twxe the amount 

of equpment would be needed to handle flight at all Mach numbers and altitudes 
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with the fire control eqmpment, non-lmear aerodynamics, and aeroelastlc effects 

Included In the opuuon of RCA personnel, the system has been less relmble m 

operation than an mflexlble flight snnulator. Not mentloned, but still mdlspen- 

sable m this operation, are a number of engmeers thoroughly farmllar with azr- 

craft snnulatlon and computer techmques The techmcal know-how requred 1s 

comparable to that of engmeers m the flight sunulator design field Itself To set 

up a complete snnulatlon problem requxes about SIX engmeermg man-weeks 

It can be seen from the above dIscussIon that stralghtforward appllcatlon 

of general purpose analog techmques to sxnulate amcraft must somewhere reach 

the pomt of dm-mnshmg returns as the complexity of the problem Increases 

Justlflcatlon for usmg such equipment for a complex problem hmges on whether 

or not a flight snnulator which could do the Job 1s avallable, or whether the 

degree of flexlblllty desired can be obtamed any other way 

Another approach to the problem of smnulatmg many different axcraft 

economxally 1s to start with the permanently wired and programmed flight snnula- 

tor and provide convement ways to change the snnulator characterlstlcs Recently, 

the mllltary and the flight snnulator Industry have realmed the need to make their 

flight snnulators more flexible Some Ideas have been suggested -- makmg part 

of the clrcutry flexible by usmg cards or plug boards, substltutmg dlgltal compu- 

tatlon for part of the problem, or makmg a flight snnulator whxh uses dlgltal 

computation exclusively A dlgltal computer has been developed which can solve 

the amcraft motion equations m real tmne This 1s the Sylvama Umversal DIgItal 

Operational Flight ‘Tramer (UDOFT) computer, deslgned by the Umverslty of 

Pennsylvania By special techmques, the time requxed to evaluate all the 

equations has been reduced to 50 mllllseconds, which means that the alrcraft 

posltlon 1s recomputed 20 times per second. Presently, an experimental version 

of the computer 1s bemg bult, and It ~11 be tested usmg Erco F9F-2 and Melpar 

F- 1OOA cockplts Results, thus far, have shown that a great deal of flexlblllty 
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~111 be achieved, although It ~111 be a mmm-um of two to three years before the 

development stage IS complete The size, weight, and power requirements of 

the present computer are quite large and a translstorlaed version 1s contemplated 

as the end product One and a half mllllon dollars 1s a rough estnnate of the 

procurement cost of the fmal version 

Another development along these lmes 1s the Goodyear Alrcraft Flight 

Syntheslser This umt 1s snnllar In concept to the Sylvama UDOFT except that 

the scope of the snnulatlon 1s reduced, and Its computation 1s done entuely by 

analog The AFS was deslgned as a flexible research tool and IS not a device for 

trammg pllots. BasIcally, It 1s an AC (400 cps) analog computer pre-wred to 

solve the alrcraft equations over the complete flight spectrum, mcludmg take-off 

and landmg. Its dealgn Includes prowsIon for Inputs (DC or 400 cps) representmg 

power setting, control surface deflectlon, flaps, landmg gear, etc These signals 

can orlgmate from another analog computer or from potentiometers lmked to 

controls m a cockplt mock-up Outputs such as ax-speed, altitude, orlentatlon 

angles, etc , appear as servo shaft posItIons A potentiometer mounted on each 

servo shaft provides output signals that can be fed to cockplt Instruments, corn- 

puters, or recorders The axcraft’s power plant and aerodynamic characterls- 

tic are Inserted m the AFS through the use of plug-m prlnted clrcult boards (or 

potentiometers) and can be changed easily 

The 8128 of the computmg sectlon 1s 84 Inches long, 28 Inches wide, and 

78 Inches high and Its cost mcludmg simple cockplt controls 1s approxnnately 

$200, 000 Such Items as radio alds, stick forces, and system failure slmula- 

tmn can be added to the basic umt 

Theoretxally, one AFS can snnulate anythmg from a Plper Cub to a 

DC-8, however, Goodyear recommends that an AFS speclfxally deslgned for each 

performance class of alrcraft ~111 yield greater resolution of output data. The 
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accuracy m dupllcatmg actual alrcraft performance, stablllty, and control as well 

as such details as high speed buffet, trim changes due to flap settmgs, gear exten- 

slon, etc , and changes m stall speed with power 1s up to the standards of more 

sophlstxated snnulators 

It 1s questlonable at this tmne how much addltlonal cost and complexity 

would be needed to provide an adequate snnulatlon of the pllot’s environment and 

task Also, another factor m the cost would be the procurement of axcraft data 

and the actual programmmg of the computer The tnne requmed to reprogram the 

computer to represent a different axplane may be nnportant If changes are con- 

templated frequently 

Undoubtedly, the trend In flight smnulatlon 1s towardmcreased flexlblllty 

However, a reasonable summary of the state of the snnulatlon art 1s that, for the 

tmne bemg, flexlblllty wlthout sacrlfxmg scope or fldellty of snnulatlon 1s not 

yet practical for the general user 

This does not elmunate general-purpose or flexible special-purpose 

equipment from conslderatlon where some smnpllflcatlons would be acceptable 

m representmg the alrcraft Most off-the- shelf su-nulators have been deslgned 

for pllot and crew trammg and therefore Include many features which would be 

unnecessary m the ordmary navlgatlon and mstrument flymg tasks These features 

Include such thmgs as amcraft subsystems failures, rmlltary rmsslon sm-mlatlon, 

and high Mach number and mertxa couplmg stablllty problems. A slgmflcant 

snnpllflcatlon could be made for those amcraft which have supersomc top speed 

capabIlIty but cruse subsomcally, smce speeds higher than normal crmse rmght 

be unnecessary m cross-country flymg, and certamly all flymg wlthm termmal 

areas ~111 mvolve subsomc speeds By restrxtmg the problem to subgomc Mach 

numbers, the large varmtlons m aerodynamic parameters could be avolded 
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Thus, It 1s possible that the use of flexible computation equpment may 

prove advantageous m the FAA m traffic control sm-mlatlon problems 

The followmg 1s a short list of papers and reports dealmg with the use 

of general-purpose computmg equipment m flight sn-nulatlon 

UDOFT, Present&Ion at U S Naval Trammg Device Center, Electromc Systems 

Dwlslon, Sylvama Electric Products, Inc , January 1958 

Melpar F-100A OperatIonal Flight Tramer - Sn-nulatlon of a SupersonIc Fighter 

Usmg a DIgItal Computer, Umverslty of PennsylvanIa Moore School, 

Report 55-20 

Blanton, H E , Use of Flight Smmlators m the Design of Alrcraft Control 

Systems, AeronautIcal Engmeermg Revlew, February 1954 

Eakm, G , A Mechamcally Implemented Normal Acceleration Lmutmg System, 

Cornell AeronautIcal Laboratory, Inc Report No TB-986-F-1, 1956 

Connelly, Mark E , Sunulatlon of AIrcraft, Servomechamsms Laboratory, 

Massachusetts Institute of Technology Report 7591-R- 1, Feb 15, 1958 

The Proceedmgs of the First Flight Smnulatlon Symposnnn, White Sands Provmg 

Ground Special Report No 9, November 1956 

Rubmoff, M , Some Recent Developments m Real-Tune DIgItal Smnula- 

tlon and Control 

Murry, F J , Combmed Use of DIgItal and Analog Snnulatlon 

Leger, R M , Requmements for Smnulatmn of Complex Control Systems 

Hamer, H , An Automatic Dlgltal Input-Output System for Analog 

Computers 

Nosker, P , Dynamic Systems Synthesmers 

Bauer, L , Karen, A , and Lovemen, B , Solution of Large Problems 

at ProJect Cyclone 

Stemhoff, E A , and Green, M C , Real-Tune Flight Performance 

Analysx 

Warshawsky, M., WADC’s New Large Analog Computer 
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CONCLUSIONS AND RECOMMENDATIONS 

In selectmg flight sxnulators, the objective of the FAA 1s to provide 

the ATC slmulatlon system with “real aIrplanes” which are representative of all 

varlatlons of amcraft complexity and capabIlIty Referrmg to pp 9- 11 , It 

appears that speclfymg at least one sunulator for each group of alrcraft would 

provide complete coverage of the current au-craft fleet Such an approach, 

however, 1s not only unfeasible from the standpomt of economy, but 1s quite 

nnposslble smce su-nulators are not avallable for all alrcraft groups. 

In order to effect a more practical solution to the problem, the 

followmg conclusions and recommendations are presented 

1. The NAFEC has already acquired the followmg flight tramers 

Curtlss-Wright P-3A 

Lmk C-11 

Melpar F-100A 

Although the over-all sultablllty of these sunulators may be questlonable, 

they certamly possess the basic capabllltles for performmg prelmxnary 

experiments to further mvestlgate the ros and the requirements for flight 

sunulators m the experunental faclllty. The results of these prelnnmary 

experunents ~111 help to establish a fumer basis for the selectlon of 

addItIona flight tramers and approprmte actlon can then be taken 
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2. There appears to be a defmlte need for m an alrcraft simulator 

m the large clvll Jet alrcraft category (Douglas DC-8, Boemg 707, etc ) and 

It 1s recommended that such a sxnulator be acquired. This recommendatmn 

1s based on the fact that high performance axplanes of this type ~111, when 

nmxmg frequently with heavy piston-engme traffic at clvll alrports present 

new problems which the FAA ~111 be particularly concerned m mvestlgatmg. 

In particular, such factors as fuel consumption and noise ~111 probably 

require a rewslon In the current methods of termmal control. AddItIonally, 

the pilot/crew workload mvolved m the operatmn of large Jet alrcraft 

approaches a maxmmm from the standpomt of physlcal capacity. 

3. Whenever possible, the acqulsltlon of a clvll flight tramer should be favored 

over that of a rmlltary version. Any security classlfxatlon, If It exmts, ~111 

obviously lmut the usefulness of the entlre smmlatlon faclllty Further, 

the Instruments, radio, and navIgatIona equipment In mllltary alrcraft often 

differ from that found m clvll avmtlon. Fmally, some of the mllltary alrcraft 

may not Include various control devices, such as speed brakes, whose absence 

may prevent thorough exammatmn of traffic control system operations. 

4 The acqulsltmn of a general purpose computer-smmlator would offer many 

advantages. A umt such as this could be used to swnulate amcraft for which 

no commercml flight tramers exist and also any future alrcraft Deslgned 

baslcally as a research tool, the umt could readily mvestlgate the effect on 

air traffic control of varymg performance parameters of any axcraft. 

Unfortunately, sxnulators of this type requme sources of accurate aerodynamic 

and pr opulslve Input data, as well as a highly-quallfled complement of 

engmeers and techmcxans to program, mamtam, and operate the umt. In 

addltmn, a cackplt conflguratlon must be purchased or built for each type of 
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alrcraft simulated. It 1s apparent, therefore, that the advantages and dlsad- 

vantages must be consldered m great detail before any declslon IS made 

regardmg a umt of this type. 

It 18 recommended, at this time, that the purchase of general purpose 

computer-simulator be delayed until early sxnulatlon experiments have 

shown whether It 1s needed, and have defmed better how It would be used. 

5 Although It IS beyond the scope of this task, It appears that mvestlgatmn IS 

warranted II-I the field of human factors Speclflcally, the psychological 

differences between smmlator and actual flight operation should be mvestl- 

gated to determme how these differences affect the pilot’s control actlons, 

and ultimately the performance of the sxnulatlon system 
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