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ABSTRACT

This report presents a summary of analysis methods end digital computer
progrems developed o date in “he conduct of The Ceneral Aviction Saioty
Development program of the FAA. This report is complete in itself but
does not present detailed derivations of the numerous equations utilized,
nor does it constitute a definitive toxt on digital methods, per sc.

[+ is designed to acquairt the Goneral Aviation !'ndustry with +the methods
and programs develcped ror low cost simulation «f aircreft dynamics and
paremetric studies of design parcmeters. The equations and programs
presenied are completely checked, ond opproximations, when they arec
involved, ere specifically described. Complete digital programs for
longitudinal dynemics, (inciuding air turbulence effects, propeller
effects, configuraticen change effects etc.), three axis conirollied six
degree of freedom motion and spin simulztion are presented as appondices,
while 2 full description of the governing ecuations is given in the texw.
Programs are written in the DICTATCX |1 languzge ond 2 description of

the DICTATOR 11 language is also presented. The DICTATOR languege is 2
progreriing software syster designed especially To expedite soluticn of
engineering and scientific probiams on digital computers. 11 can be
lecrned in about 2 hours, and i7s use, on low cost computers, mckes 11
possible for zlwmost enyone 1o cffectively use a computer for evern +the
most commonplece problems., To deronsirate such use, e chapier on the
topic of digitel progremming is included in This report.

This progrem is under The direcvion of br. Colin G. Simpson of the FAA
and aquestions on the report content will te onswerced by Mr, Simpson or

by DODCO, (NC., the responsible conyracior under Coniract FA-IA-4293,
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1.) INTRCDUCTION

nission of the General Aviation Safety Develepment Program involves
enzlysis and improvement of the pilots environment insofer @s this environment
influences his ability to safely, ensily 2nd conveniently learn io f., and +o
operate his airpliane under all conditions. The opereting enavironment is
determined by +the aircrafts handling cheracterisTi ”s, the instrumentation
display, cemmunication system, data dissemination documents, cock |+
visibility and control placement @nd type. Tr:irinn operations are con ducted
in all aircraft (at least for check ocut purposes), and these as well as
norrz! operations are always involved in 2 stugy of the pilot environmrent.

ihereas the General Aviation Safciy Developoment Program under the directicn
of Mr, C. G. Simpson involves 2!l aspects of +he operztional envircnment,

the part of the pregram assigned o DO I under Contract FA=i/=4293

is concerned principally with handlin Ties as these influence nilot
performance. Previous reports (see references) prepared by DPDCO, INC.,

for tuis project have deal+t mainly with the design and use of paralle!
siabilivy sugmentation systems designed o chezply failor handling cualities
to beiter suit the needs of human pilots. As pari of Thesb studies, low cost
dicital synthesis and analysis methods were developed for rapid examinaticn
of the effects ot design psrameier changes on systems performance. The
rethods of analysis are ﬁpnl czble o broader problem zreas than this, and
can te used to effect cost reduction in tThe airplane design process itself.
Thus, +the methods and proarﬂms develeped have significance independently of
the results they have produced to date. This report has been prepared 1o
provide 2 presentation of the enaivsis methods and associeted digitel progroms
recuired for implementation. The meihcis zre applicable to serodynamic
confiquration analysis, performonce studies, exeamination of stebility and
centrol charzcteristics, reduction of flight test date, perameter study,
synvthesis and analysis of automatic conirel devices, and so on.

The perticular advanteges of the methocds reside in their ability to quickly

and economically produce quite precise answers to complex problems. 5 ’
The use of digital computirg fechniques for analysis of performance, stability
and conirol problems is not new fo the aircreft industry as a whole, however
such usage has, in the past, been confined mainly to the militery and transpert
types of aircraft becaouse of monpewer and cost considerations, However, low
cost ccmputers of relatively small size aore now aveailable which are quit: capable
of handling G. A. nroblems anc preoper use of this equipment can .lead to
substantial development savin

Beczouse of the difficulties involved in obtaining valid, closed form solutions
+o many aercdynamic problems, perticulerly these invelving pressure disfribu
values of stability parameters cnﬁ 255059m8 nt of control force characterist

+he G. A. indusiry has cepended y in the post upon experimental techni

for design development. “nﬂ*euq, se techniques will remz2in essential in
torescenble future, some reducticn in the cmount of empirical eficrt due Yo

&
ovment of simulation procedures is possible, which at the vc'y le::%, will
provide a way of not only eanalysing test dote but of defining the avenucs of



~.

Examination of dynamic processes through use of high speed computing equipment
is known as simulation. Either digitai or anzlcg computers are usable for
simulation, however when 2nalog computers are used, every progrom musi be
"scaled" by the programmer to ensure that gcncraTed numerical values do nct
f211 outside of the usable range of specific amplifiers of The znzlea circuits
and special provisions are required to handle nonlinear problems. Cn the

other hand, analog computers are inherently cepable of producing "real Time
outnuts rel“+ive!y mcre cheaply than digital equipment. Hardware and softwere
available in digital systems eliminates +he requirement for probleﬂ "secal ing"

and, digital computers, since They functicn on an increment basis ere
inherently adapted to solution of nonlincar problems.

For simulation efforts directed toward desian goals rather +hcn real time
investigation of man-machine interactions, the smaller digital cemputers such
as the 1BM 1130 series, CCC DOP=116 and iﬂ«l r equipment ﬁv;l[ﬂb'e at a
yearly rental of around $10,000 are very well suited to ecconomiczal and rapid
solution of design analysis and synthesis ,roblcms“ Effective use of these
low cost, minimum systems, depends on the programming sysiems (sofiware)
utilized. |f compiler type software (such as FCRTRAN) is used, efficient
operation normally requires @ considerzble amount of peripheral eguipment
which increases costs, however if sysiems such as DICTATCR are used such
peripheral units are not recuired, and onerations are actually simpler and
more rapid fThan with compilers. Since proper engineering employment of
digital computers depends so much on the prograrming technique employed, a
special chepter on computer pregremming is provided in this report.

The results obtained with 2 simuletion program can be no more cccurcte than
the equations and data used by The progrem and the accuracy is a!:c influenced
by the numerical techniques and word length employed. Inhe*cnf'y fhe digitel
compuier is a more accuraie device Tthan an znaleg ﬂvs.e however its full
sccuracy is not reauired for all problems, 2nd the bas |c advantege of The
digital equipment resides in the fact that it is sirple to program a digital
computer for most problems.

J

Cood sirulation programs fzithtul! tual motions and
characteristics of the system bein is means that 1he equations
of moticn are nOT necarly so iCOﬁli e to obtain closed form
solutions on & slide rule or ha ion. MNoreover, to previde a

good simuleticon an essential plet lem definition 1s reauired since
computers are naturally incepable of mzking plausible assumpticns, and docision
paths and cenditional tests musi be esiablished by the programmer on an a=-priori
basis. Therefore, to obtain valid resuivs from CCTQUT(FS, one nmust either start
vwith 2 good problem analyst or 2 nroven programe. This report :resen?s severel
nroven programs of broad r\;)Ii" ricn and also presents @ discussion of analysis
+echnicues peitinent to the G. A. ficld,

This report is intended to be of usz to the G. A. irdusiry, hcwever a report
such as this cannot answer all sp g tions nor be writien to fit in with
+he backg-ocund of all its readers. The-efcre it is anticipated that 2 number of
questions will arise beccuse of i i 16 se cuesticnz need 4o be
ansvered before the potentizal bencf an be realized.
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whereas the equations for p, q and r (set 2:1) m2y be integrated to dofine p,
c, v, resnectively, roll, pitch and yow ansles ore reasured botwenn sots of
axes rovoting with respecT to one crothor o that a second

inTerrotion connot
be leciimately conducted to cefine fhess relative angles, anc a inerutic

resoluticn is required to deferninz o, v ond o,. This resolution (refer fo
Figqurc 2:1) yields, for a still actnosphere

1 = GCOS3 =~ psinB - (ycoo)  + \c 7sin?w)
!'v '
c c . c
P = (cosycosp Cosx = Ysin €Oy - r - ysinysiny o ISt 225
DIE pcos2cosy + gsinZcoor + rsiny + Usiny
L)

. . . .
when the air mass is moving, v and 2 are obiained by using 7R in place of 7
in vhe first and second of The tbove relactions. For longitudinal plane motion
{iwce, D=0 =0, =¢, = 0) we heve That

Yo
i
o)
1
2.

= ' ceveceraneerese2:lb

d with res pec+ o the fixed
cread to give

~
cr

since, feor this case boih 7 and g are mezsure
earth refecrence axes, integration can be porf

=9—7r_ BT, L UL W s o1y 17

where € = pitch angle, radians, so that

Xy

7 < 7r SYeele = slels ofs X slelCLllS)

[

These latter relationships hold only for flicht in
other conditions the measurcmont plane for ¢ and €

a vertical plane, since under
is rotating in inertial space.

If the air mass through which the airplane flics is moving, the relative wind
vecter contiruously changes for +iwo reasons, the first involving motion of the
airc*af+ with respect to the ground and the sccond motion of the air with
respect to the ground. Only fhe cempenents of ¥R (i.e., VRy 2nd Vmry), here
ascured independent of azimuth, are measured in a non-rotating system and
thzrefore only these ccmponc1+f ccn be dircetiy differentizted fo yiceld

accoieratien components in incrtial sprce, The vectors Vpy ond Voy are defined by
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Veceosy + Ve

Differentiating

QRV = Vsiny + 7Vcosy - Q”V = B = QJV j

) S.rn
. . . . . { D IE ) SR, % © e (O
VR, = Veosy — yVsiny + V0= X+ V., )

Fraiecting these components along the Y onis, inclined at the eniie vp fo
Tr2 horlzontal

VR = ngsinyR + VRHCOSVR

OO 0000008008308 |

While normal to Vp we have

= VRVC°57R - VRHSi"VR B - S A

Range of 7p.

This completas he presentzation on dyn-ic 2nd “ing-atic rolaticns, and in
Crantes %, we sh ! consider the eavirep~nia! insuts o the simuletien
projrm,
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x = Ycosy

y = h = rate of change of cliituviy = Vainy

vhere V is true speed and 7 is wrue flhicnd oot ovtitude angle

In “he cxamination of cpczific dorivia es o¥, and
derivatives of, the indicaicd oirc . ravyed
ciranord. At the fliohT O ot ; o covate
ircgiceted, equivalent en aiihd clflenls w85 anl Sy the torce by

\

tha term Vi, where,

-

V: = iindic@iiod afirsiedey Si/dis. = - MMi%is > Ypp—s Al
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p and Vp are defined by covotions Tl and D4 octively.
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L = lift, Ibs.

—
)

Thrust, lbs.
8 = pivch attitude ansle, radions

iT = incidence angle of “hrucy {lr~, rodinns

iy = horizonval Toil incidence with rosroet Yo zoro 111t wing oxis, rodians

q = anculer rotation rave in »iish, rodions/orc

I3

: . . ke [P
G¥ = ¢ynamic pressure, Ibx/5.7 = =R

p = air density, sluas/ii.”

Vo = true relative @
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¢ = rmean acrodynamic chord, fr,

wy

= wing arca, 1.~

D, - oropeiler diamcior, 7.

7z_ = zovent @rm of Fhresd axils eheut c.g., fF

b . g
a - DCL/B) = 1ift slepe of wine, nor rodian

o = argle of attock with rocrent > YV, oxis, radians

i, = incicence of zero 1147 ~iiz 4o wind, redions

= reorizantal cistonte fromcomy o o.e., + if c.g. is aft of a.c., ft.
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an noxt chapter deals with the channes in ihe coefficients caused by ving
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Col €20 CCC

€5 €05 CCC
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20 000

C20 00

Holt+ ond trenstfer

Halt and transfer
on awitch |

Halt and trensfer
on switch 2

Halt and <rensfcr
on switch 3

Halt end trensior
cn switch 4

H21t and frensfer
on z6ro

Halt and transfor
on negative

Halt and troansfor
on oxponaont

Holt and transfor
out

No Op

grea halts. Upon recoipt of o
icrwl, the pregrem tronsfers to

f euwitch one is set to Yen' inztruction
s tho sz as halt and Traanor. 1 £

itch c=n is sot to Yoft', the pregran
stors to lozetion CCC withcout holting.
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§
Zi

Sur2 2z above Lut involving switch 2.
atove but involving switch 3.

Sema &

QD

cbova but involving switch 4.

It the ccecurmulator contains zoro,
instruction is tho scma o heit ond
troesfcr. 1f accurulator contains
oT.ars Than z8ro, tho pregria fransfers
to CTC witheut haiting.

t the accurulator contoins a ncgative

ur.ser, instruction is tha scns as halt
end dronsfer. 1t accumuictor containg
Fesivivo nunbor, the progrom froncters

o CCC wivhou? halting.

25 rot refer fo 2 momory lecation
5 inztruction), is cqual to or

arg,r than thoe +vo digit oxponcent of the
rurhIr in Tha accumulotor, in3itruction is
iha znva as halt and 1rienzfer. Othorwico,
the progren trunstors to COC without nolting.

It ¥ho ruesoricol value expressed by E3
i

he precrom helts. Upon ecoipt of o
srt tho intorproter is sot to roccive

bo cpsretion is porformed and the progrem
procesds soquentially.
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£33
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0G0

Ceo

€20

cce

cce

cce

€20

cce

o0

0:0:¢)

Brito typawriter,
full length

Write typawriter,
loss | digit

Write typowriter,
less 2 digits

Wirite typcwriter,
less 3 digits

Write typewriter,
less 4 digits

Rezd tezpo

Punch tapa

Read typowriter

C.R.

Tab

The contoents ¢f locatiosn BE3 through CCC
inclusive &re printod via tho typowritor.

Szom es gbove but tho [ost digit ef the
manticsa is not prinicd.

Somo os cbove but the last two digits of
tho mzntisso ore not printed.

Somo ©s chove but the lest thres digits of
tho mintissod ore not printed.

Sim2 ts rcbove but the last fcour digits of
the mentissa ere not printed.

F.ad frea the papor teps reeoder. The tapo
must contain a start fill codo and & torm-
inato input codo.

The contenis of tocations EZ3 through CCC
inclusivoe &aro punched on pazsr top2. Tho
steirt fi11 codo ond termindie Inrut codo
ere cutemstically goneratcd by fhis
instruction.

Rezd from the typswriter into lecetions CCC,
CCC+1, CCC+2, ... otc. This instruction i3
terminated by recoipt of o Terminste Innut
ccdo., Ezch word ontered from the typouriter
st be followsd by depression of the relczco
and start butfons.

Exocute a cerricge return on tho typawriter.
&g YP

Exccute @ tab on the typouritor.
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CW\ 0C0 CCC Incremont indox Ind2x registor A (O < A £ 9) is
register A increizznted by the amount CCC.

05A CC0 CCC Decremant indox Index reqgister A (0 € AL 9) is
register A ducreronted by the amcunt CCC.

CEM COY: €2C Set indox Indax registor A (0 < A < 9) s
registor A set coual ro the number CCC.

O7n EZ3 CCC Branch on oquai Branch to locetion CCC it indcx
indax regisyoer recisinr A {0< A< 9) is egual to

7.5 Ctherwiso procecd scquentially.

CIh €22 CCC Branch on low Braonch to location CCC if EZ3 s
indax registor crovter Than incax register A (0 € A< 9).

Utherwise proceced scquenticlly.

Ironoeendontal Group

¢z CTh cCe Sq. Rt. Tho cquarc root of the ccntants of
lccation €38 i35 storod in location
CCC ond the oaccumuliator.

821 ET3 CCC Sine Tha =ine of the contents of locetion
£°2 is storod in locetion CCC ond the
cccuruloder.

2 BEE) (EEC Cosine The cosine of the contents of location

CZ2 is stored in locntion CCC ond tho
sccerulotor.

¢8> 23 CCC Arctangont Tho oretongent of the contents of
iczcticn 023 is store” in location CCC
ond the eccumylator.

CZ4 T3 CCC Exponential ¢ roicod to the pewer dosignated by the
contents of location BEE is stored in
fozaticn CCC and the accuruiaior.

€25 £23 CCC Loge Leg, of the contents of location BE3 is
stored in location CCC and the zccunwlator.
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s attooating fo index en
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fraqumant for lecoritha cqual
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to or ¢grenier thon 100 rodicn
{csnonant > £2).
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o that it the output of an insiruniicn is 2naly needed for use by
nstructicn it cocs not have to bo of in ¢ ooranend address).
C0 is called an "accumuletor'. wo crniar iy sinrt assianing ad
a7e o 16T, Thus, we mzxe the {(2'1owine ~eno-y essign-ents:

Ahde esis Sunntity
[Co gross weighi,

<o

wing arco, S

(]

Push the & consale buitens
in seauyanco.

Type 9 CO2 000 ICC

Dcoress relessce—=ginrs oy {(75)

Tyse the first date word, 54 2000 CLO0

ase-stor-i Loy

Type the next data we-rd, 53 1700 CCCC
\

Denress relcosc~sia-T kay

Contirue until afl

tizver moh 1o $9s) 51

" Rl "e e
reset™ , "ingect,

the next

L
dre

d N

ocaticn
sses for

uhoer

"relence”

NG
A5

G

the constont Uil 53 530G C
3 decrorent i-clor for G (= 0,05]) 4G 500
p-ecpared Yhis table, we could if wo w-niod, irmediately store
r, ¢~ we could wait until <re o5t of the preg-im were writicen
crse, it weuld te siered (reicrring to “ho DICTITC? instruvant
following foshion:

£ad

50 0000

R
W

)
v

GG COLD

"start"
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211 CD/CL 4 000 122 000

212 Ve /C 3 000 123 000
213 TH req. = WVC,/C 530, store in 125 3000 t21 125
214 output Vimph) end THren, o 4 places 0 024 124 (25

of accuracy

215 NOOP 0 0C9 00O 000

216 test for maximur snend 2 106 124 000

217 +ransfer on siqn, if + continue 0 016 218 220
if - sfop

218 decrerant G bty 0.CH 2 122 110 {22

212 transfcr bacry to 205 1o eycle program O 010 OCO 205

220 end of preqaram, helt and wait for 0 CC3 000 000

operator commnr

This completes the program, ond ©s ¢rn be scon, the actual prcgramming procedure
and Time of preoc-ation is ohout fhe some 05 required to design a fubular form
for hand

cemoutations.

The procram is placed in the nozhine vy tha same procedure @s used to input
cdaote, exzepting thot the keytsord coveond is @ 00” C00 200 to start +he entfry

2t locution 200,

Al

Indivicuz! da*a items such o5 dhe veisht, wing area, dreg parameters, lift
coetticiont Tncroment coen ol bo o clor ol by simply filling new data into The
nroges tozations. The innut oo rudoemcticollv erases old data in a given
tocrticn to avoid cverlnn,

n of the proaqram is inidicdod by pushing +he conscle buttons (in seaucnce)
nsert, release and ol ©% oad dhoen dyping ¢ 00F 000 200 RS which couses
utoer to start excaoutin- dba pros-or,

an octual drace of The pregrom ic rerrodiecod as Ficure 611 and Fiqure 6:2 is a
regredecticn of the octual cu-put. Uit o cerplete compuiation ond print

out the pover reauired doto wos | rinute 25 seconds on on 1PE 1070 model |
corputeor with typewriter outout, Fros-oeming inveives under 20 minutes of
enjincering effcit, so That the cdircet cost of ebieining the power required

curve is only & few dollars.

The excmple here, while sirnle in nature ~isht well occupy a days time to
compute by non-electronic procedurer, HMo-anver, conce the progrom is availoble
it ¢an be anplied to any airpiane confinu-~tion ~nd nead not be rewritten

in the future.
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Progrermming for more comnlex problers involves exactly the scme procedurecs

as precented here, but anplied fo lengihior equations. Elaborate or complex
equation sets, which in many cases connot be rezdily solved by hend computation
procedur:s because of the orohibitive number of man~-hours involved, are

solved in a straight forward and economice! manner on an electronic digitel
computer.

Decisions on the benefits fo be nrovided by comnuters in a given organizetion
can only be based on managements uncerstending of how computers are most
efficiently usable, and it is hopec thet The short description of programming
nrocedure presented in this chepfer provides a basic understonding of this
tonic insofar as day to dey type crotlem solvinag is concerned. In the
following chapters are presented prcaroms for mare involved type enelyses
concerning prcebiers one weould not normaily attorpt o solve without o digital
computer. These programs provide an irndication of the scope of work which
con be hendled by even the lowest cost, nodarn digital computers of the

CCC DOP-116 and 1BM 1130 type. Progrims #re writien in the DICTATOR 1]
language for +the IBM 1620 systom sirce such equipment wos in use at DODCO
when the progrems were develcped.
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Spin

Ry = n(4y/e)(S,/5.)

W/S O ofololdo B0 LD o oladb T:17

(L4, /6 (Sy,/S,) e e ...7:18
2

By Ly /B) (S, /S )

Bay. (b, /0) 7 (5y, /5 ) (K, 5) e Ceel 7220

enfry definition requires the specification of the following quantities

From start the program transfers tc thne rmain block while during running the
intearation block precedes fhe rain block., The integration block is as
folicws:

AP T+ ot TBootoceddkb tood .. T221

h . =h_ +haot+hatose
n+1 n n n

&
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Bas 5, and 8- may also be set by the operator at any time during the run.

From here we proceed to the corodynznic and differential cquation block.,

Compute

Cl -‘:Ka-Kaa

C’,:a+i

4 + L+q/V

+

C|_+ = 2,0

TF * aesc

0
=X
It

X *
T nq

C =CL

L o+ CL+q+*S*/

W
fa) - ™~
p, = CDeo + (BCDe/O

2
CD - CDO P I CDw

or, when K@ > Ky

Ky )°
CD = CDe + ‘T,
CLL = W/q*s

V=- g(CD/CLL + sin

O

v =" (BCY/BS)D

CDW = CDO +

S
) /@

= Cp, + K

2
(Kld)

7)
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This chapter presents ¢ currary of dne ~roorom used 70 exomine pure

loarituainsl motion in the procoate of acusles ewodirol and environrenial

disyurtLezes, 2ad o sepa-ata orescns s itiing study of condralled six

drnormen of ireeden flight with connrel ool aboet all dhree retonion

&y, Conb|rvrlﬁﬂ tirst dhe ‘osritedies] woilan procras, an initialization
cck 15 provided which ccicb 1ohes dhe airslane in tricmed tevel fltht for

any oot of snecified start con it consiaticg of dhe following:

hg, peomeiric heicht, 4.

V, “rue airspeed, fi/soc.

», flight path attitude, deress

Bg, initial elevator seiting (17 i~ci“once drim is used)

Given <hese initial conditisng, o & ~iven sirnlane confiquration the
regu’red heroepever, & boand opith 2ititude are cdetermingd
tomothes width a setting fo e @ il iazidense (0§ wn
cﬁ;u:“nblc siabilizor is cmplay ') dihroush @ clesed tenp iterative
Crc e dhrg . cn oof throtile znd elevator
; aigiuvrborce footors. Spoce

ioulotion and for use of varicus
pororevers such 25 spoed,
ns employed in vre prearom

i poovidee for sxmula+ e El | HSTe
Tvreos of feerback control lesic whith
hoiaat, pit-~h attitude and o cn. Tho

15 fol lews:

V = = nginy ~ (O/m)conii: + (L/i)zin™e + (T/w)cos(Q-T—iT) oA ACT

0 CCO5 l.cos/ Doin o T
S v oyt ey reeen9i2

o (KKlab+//)(% -

of]

wind offccts are represcnved ov
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Frepelior thrust

iy © prepeller efficicncy

FY* = breke horsepovor

Avroseheoric proporties are dofined in terrg of
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| G e

iollcwing aporoximate relaticns va!

-0.227 h x 17

0.0023759¢
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The kinematic relations defininn

x = Vcosy
h = Vsiny
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TYPINAL PESULTS OF THC SL N7 <5 rF ImIfeses AND LONGITUDIMAL

DY A TS PROGRAKS
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Initiate with trimmed flight at V,; = 176.33 fps, ¥ = - 3%, h = 1010 ft.,

a = 6.319, b = 0.09, thrust = 44.97#. Speed select is set to approach
speed of V. = 132 fps = 90 mph. A1 1000 ft. the landing geser is lowered.

At h = 600 f+. flaps are started down (O to 40°) at 8%/sec. At h = 200 f+.
power is increased by 53 WP to maintain a glide slope of -3°., At h = 15 ft.
power is increased by 52 WP for performance of a throttle flare. The task
of the velocity PSAS sysiem is to reduce speed gently from 176.33 fps to

32 fps and maintain this speed in the face of power and configuration
variations. Integration intervals were set to 0.1 sec, The figures are
sel f explanatory.

This concludes the presentation of typical outputs of the computer programs.
The programs are flexible and are usable for many other purposes than
illustrated. Their use for other purposes depends, however, on understanding
how to input data and set transfers and so on. Complete coding sheets and
the instruction tist for the DICTATOR || program method are Included in the
appendices to this report to permit further study on +the part of the reader.
Additionally DODCO, INC., is prepared to answer questions on the methods.
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11.) CONCLUDING REMARKS

The modern high speed, relatively low cost dinital computing systems are
exce!lent toots for rapid and low cost analysis of aircraft performance,
handling qualities and for study of behavior of automaiic control logics.
They are also useful for design studies, particularly as reqards the
effecis of parameter variations and for examination of nonl!inear and
cross coupling effects. Applicatitns to structural, weight and balance,
fiutter and reloated problems are of equal significance.

Use otf 1! is equipment in engineering desian is by no means new Yo the
aviation industry as a whole, however fast, low cost computers have only
been available for the past five years and just in the past year have there
appcared units in the $1,000 a month rental catenory which are capable of
rapid handling of the types of problers involved.

Additionally, until relatively recently the use cf executive programming
procedures (e.g., FORTRAN, DICTATOR, etc.) which great!y simplify use of
computers, has not been wide-spread and either extensive personnel training
programs or emploayment of additional personnel were involved in engineering
application of computers. This, plus the earlier nigh cost of computers,
limited aviation applications (particularly of digital units) to design
programs on military and large c-mmercia! transport cquipment having
substantial ennineering budgets.

The 'cost" barrier on digital corpute-s no ltonger exists, and the preseice
of "canned" programs of the type presented here el iminates the need for
computer specialists for effective utilization of the newer low cost
equipment., Proper employment of the compuier still requires a rather
complete understanding of the problems to be sofved however, so that
initially a fair amount of study is required on the part of potential users
of any set of digital methods and equipment. This report presents methods
which were developed in the -onduct of research programs under the FAA
General Avietion Safety Developmeni Program, and is designed to ald

Genera! Aviation activities to evaluate their need for incorporating digital

techniques into their enginecerina operations as well as to encourage such use.

DODCN, INC., will be pleased to answer questions or receive comments concerning

this report,
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