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INTRODUCTION 

\ 
\ 
\ 

Tha Initial objective of JBrgject Whirlwind was to 
simulate the flight characteristics of an aircfift with the 
aim of obtaining pilot reaction to a proposed aircraft based 
on wind tunnel data without first going to the expense of 
building a prototype» The simulator could also be used oo 
evaluate tha desirability of proposed changes in an existing 
aircraft» A computer would have stored in it a program for the 
solution of the equations of motion of an aircrafts and the 
function tables representing the characteristics of a particular 
aircraft based on wind tunnol data« Inputs to the computer 
would be the pilot’s control motions $ outputs T/ould be the 
appropriate instrument readings and quantities representing 
•the forces on the pilot and on the controls» This is quits* 
fully described in Summary Report No. 1 which is Vol. 3 of 

"•this series. Report R“6i¡.“lg which is Appendix A of Sumnunxy-* 
Report No. ls presents a form of these equations as workeo. cuo 
-by the staff of the Aeronautical Engineering Department at - 
M.I.T. in co-operation with Project Whirlwind.falhie form of 
the equations is capable of digital solution ano, the variable 
coefficients can, in general, be measured in existing wind 
tunnels. An extension of wind tunnel techniques is underway 
to measure the rotary derivatives» Certain modifications 
have been made in the equations and functions since publica¬ 
tion of R-44-1. In particular, a transformation of axes has 
been mada which alters the form of equations (4)., (5), (6V\ 
(13), (14), (15) eliminates the necessity for repeatedly 
solving equations (16), (17) and (18)» Independently of this, 
the number of variables in some of the coefficients has been 

reduced. 

R~;i,03 is an analysis of the functions in the air¬ 
craft equations of R-64 with particular reference to a 
typical aircraft described in R-9S» It determines the 
storage capacity necessary in the computer to describe the 
aircraft, and shows the relative interpolation time dévoué.. 
to various computed quantitieso 

C*»15 is an extension of this to indicate the 
necessary computing speed. The coding described in C-15 was 
done for a serial computer and used an integration method 
which must be revised. However, the results can be directly 
interpreted in terras of a parai loi computar» 
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1»65 discxisaes the abilities of the Whirlwind I 
computer to handle the ciireraft simulation problem,. Further 
work indicates that the Whirlwind I computei™ could, give a 
reasonable representation of the motion of th© aircraft about 
all three axes provided some rather severe restrictions were 
imposed on speed range? angle of attack; angular velocities 
and control motions« 

Cockpit design is in progress. Firm decisions on 
all of the questions of design have not yet beer, made» In 
order to obtain valid pilot reaction to evaluate simulated 
aircraft, the cockpit must be capable of producing a realistic 
sensation of flight and accurate simulation of aircraft 
behavior as normally perceived by the pilot« vjimult&nscuslyj 
the pilot’s actions in controlling the simulated, aircraft 
must be transmitted to the computer» 

Accurate simulation of aircraft behavior* is trans¬ 
mitted to the pilot as 1) control-force loading or control^ 
•’feel"; 2) noise and vibration; 3) correct indication of al.i 
instrument, 4) duplication of the appearance of the actual 
aircraft interior, and 5) simulated acceleration produced by 
cockpit motion. The general approach to the problem described 
in R-125 has been to develop equipment to duplicate aircraft 
appearance and behavior, except in the case of cockpit motion 
where exact duplication is impractical. 

A test model of the control-force loading servomechanism 
for elevator forces has been constructed as described in R-360 
Tests of this equipment show that it is very nearly satisfactory, 
and work is under-way to improve its speed of response. The 
simulation of elaatance, backlash; and coulomb friction in 
aircraft controls will be necessary. Mechanisms for inserting 
these quantities in the control linkages have been designed; 
and studies are being carried out to determino the xeasibilifcy 
of an alternate method, of inserting these quantities by means 
of the computer and the control-force loading servos. 

Noise and vibration generators have net been studied, 
since suitable simulation has been accomplished in some Navy 
Operational Flight Trainers, see R-125. 

The design of the pilot’s instrument panel has been 
started. The less precise instruments will be voltmeters and 

.the. faster, moro precise instruments will be servomechanisms 
receiving data from the computer (S-74 and R-125). 

j'. 
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Studies of cockpit mounting and motion have been 
made and are reported in R-lOO and R“’125« At berjtj cockpit 
motion can only approxiaiato the accelerations applied to the 
pilot. Since the necessity for cockpit motion has not been 
established, and since the present building facilities will ' 
not allow sufficient cockpit motion, this phase of Whirlwind 
I design of the first cockpit has been discontinued0 
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Ma a jsachu d o 11 s In r. f. i tute o f lH hnoï c ■ r 

O a aïi 1 d ,§e, Mati a cio b:a « ,■ -11 • ; 

Huraori oal Hangaa for ASGA (Kevlaacl SotlKd.l;s - Maj.' 9 Sub,) cet 

Original Copy - J, W. Forrester‘s file 
Autuo y a: L. BoraMusO^ Vd f 

J, BiaknsllJ 

lieferçnceo? 

The following data and eaUmatos are reproduced Below 
exactly as. submitted by tha staff of WBvfí, M.t,T , o.o. 

May 9 » 19^5 » 

Conolunion 

Revised Efitlmutes of Raaei'lc.al Kanr&s for ASGA 
(instead of reagts of aroác, lengths, weights, e 
certain parameters were 00t up where po asa ble, ; 

Maas and Inertia Terras 
djuui, 

3 lug ,3 m - ffiß.as 

area 
m mass 

of inertia coeih t a - mo inert t 

Moment of Inertia about the ;y axis may be gero or 
very nearly so for ,a flying wiïïg;, !.Coefficients a00 

baced on span.) 

ratio of chord to span 

1'VCK'i 5.U 
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2, Lsagtl\ Ratiou (Gent.) 

G .G» Moveiuent 

D/C along os 

G/G along oy 

H/C along 02 

3« Gout,rol Surface Dimensions 

Aileron ;)A 

G 

Elevator 

A 

S3 

C- 

- ft,,2 

- ft. 

- ft«2 

- ft. 

Rudder 

E 

SR « ft. 

CH ^ ft. 

4. Reference Angles (Degrees) 

e 
■nt r 

CÍ 

if 

A. 

Control Surface and Tab Deflections 

6e 

6 A 

6 R 

6 A, 

,2 

//5 

l 

34 

2.5 

17 

-So 

-75 

-20 

-15 

•40 

=30 

-30 

-30 

-20 

■40 

■■>• = 2 

. 2 

-^25 

iOO 

0 

6oo 

12 

^00 

10 

-i 6o 

360 

f 75 

4' 4o 

-p'Ho 

•fio 

•i-20 

-i- 20 

-I 30 

j- 30 

f 20 

,:-20 

if 
\í 

ääüüü'i 
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5,. Ccmtry;. St. :aes .Mïld ' : ? Î'.U) 1' : .1> l. e 0 H 10il V; •«, Í.-- 0 H V. 

.-20 12:0 

0 60 

6, Mi acallan fc’OUB Doilsction» 

Lg -■ 1 finding genr 

Gjp - cowl flaps 

Dj) .» loom0 door 

O lOOfb 

O 50° 

O 10 0^ 

7, Linear Velocities 

V - velocity along flight'path (0 ¿. ) (bî„p,,1-.,. J •Ir GOO 

u - velocity along 0:1 0 t GOO 

V - velocity along oy ■•200 + 200 

w - velocity along os 
.).100 

£„ Llnoar Accélérailone (Along Wind .tees} 

l: -5 '5 g -10 g 
m 

Estimated from maximum allowable loade. Large alspltfaes irre 
designed for a load condition of g„ Pilot cannot take more than 
-10 g except for extremely short intervala.. Maneuvers to gw & 
positive acceleration aro not common, ¡5 g rfoould cover aU conaivionc. 

A 0 "'2,0 g 
m 

The maximum acceleration along the ox axU due to aerodynamic 
effects alono io eetimated ao -2 g aaouming flaps can to fully d«ft«c..cu 
(On* .4) instantaneously at a speed of 200 m0t>.h> lor a <//.■' ¿0 1^8»/%' 
ft.. It la expected that drag increasso dm; to Mach numbor c-ffocorj will 
not give a deceleration of the above magnitude. 

f. 2,5 g -1 6 
ai 

1 g io estimated for a rocket acal fit take-off at„S0 m;Ç,a* %xt 
4 seconda» 2.5 g iß estimated for a catapult talce-off at bO m.p.bi« 
in 60 ft. (for small aJ.rpianöo). -1 ë io estimated tor rovçra. o..e 

thrust props, 
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¿2.5 ¿5 Î8 1>e-9ed 0:1 a siasisEvn ci :le fo 
auàâoaî^r /ibtîiined l'y yavlng a • :'0 Ib./it,,. 
whea flying at ,?00 œ.-o.h. 

Angulaï1 Volooitiso (yal/seo) 

Maanurad on 

Obtainable ïh© âocelerfctiouB and velooitioc will V, 
proportional to tha wing Xoacting, W/S» ïov an aîrpL 
E-26B»21 with a daoraased W/S js 20 iha. /it.2, the vd 

Po aaIhle Sy forcing ths motion. 1,0,.,. applying le; 
rudder alternately, the velocitioa might he dcv-.'olsd 

Dotilgn Mgsimnm for ASGA Since an r ~ % was maaourod on the 
and adding a margin of safety? 
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9. Annulai’ Volooities (.rad /soo) (Oonlv) 

fhe rst-ao of clxeago c-f myth refrireuco aagla 
by resolvings 

</ »0 T&éfneo 

<p -: 4:5*0 rad/se«.; 

© ,x À ^-3.0 rad/eec 

:‘.e::.r 

10, ¿agolar Accsloratlonn (rad/eoc^) 

Maaoursd on 

P 

q 

V 

w/s 

ßB3C’1 

1,4 

00 

C-4;G 3-263 

'l,2 

? • 3g 

' 

33';i ■7:0 .,, 30 

b0 Obtainable For th® B-26B with a theoretical wing loading 
of 20'"lb3o/fto| 

p 2 ,S 

4 - "7 

r :,. ,.5 

<,!„ Poaaible By forcing thô motion, the accaleratiana .might 
be doubl ads 

P :: 5^^ 

q :: 1,5 

Z> ::, 1,0 

d„ Daoign Mtfôlraaa fos’ Including a nargin >f ftafet,;/ scvlsd 
to the aoceleratioaa that are poosibla,. the :1:0.1-:.“fing ara 
auggaoteds 

p t"f rad/aec^ 

4 f;3 r^d/ 9e 

r ¿2 rad/seer- 
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11, S'vick üni Petk-'l Load» 

She followiß^: are 2,5 times the limit of th.» storage pilot8 n ^fcreaf’th 
and cb.culd tie considered es the laaitimtuu loado ¿o reach the eontirol-í.' A 
control system with a ho art can he represented by i neo rpo rat :1 ng i 
machine before the final control load« aro computed. 

).to tb.fc 

Ep Elomtor Control Forca (ihn.,} 

Áp Aileron Control Forco 

Hp Huddor Control Force li 

Po : 

750 

300 

"3 i nt-' 

Kög 

750 

300 

U25 

12-,, Aerodynarai0 Coefflclent0 

Gt, Lift Coefficient 

Cp Drag Coefficient 

0~r Sido Force Coefficient 

Cm Pitching Moment 

Gr, Yawing Moment 

C(? Hailing Moment 

3,0 

.01 to 'i 

-5 

' 7 ,07 

„1 

■■3 - Hinge Moment Moduli 

Xgg Elevator E.t M„ Mod,, (ft,9) 

Kg,. Aileron HU M» Mod, 11 

Hadder H-, M. Mod. 15 "HS 

200 

20( 

12L 

200 

14. Control Surface Linkage Factors 

fheae factors are not necessarily ccnatimts hut bava tvVôra.ÿô value© 
within the range givens 

% Sie vator (ft/rad) 

ltA Aileron (rad,, of trheal/rad- ail,) 

X» Hud dci r ( ft, / rad ) 

1, u 

1,0 

.1,0 

10 

.. V,: :.',V: 
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»auss tfea tuiœel data i 
5'*have b aea da tenrin 30 

Should do in dai;re&G 
vhich 'fwustione of 0¿ 
in. clíigrsoíj.. 

Should d« la radiaria per second 

Control aurfaco deflootlono ahould d© in. do,grao 

Barth angle a should he recorded Is. 
handled in the analyzer as radians 

second aro r'ecosmon&ad 

on %m rncordar" tíhould he :1¾-r Horma.! accelerations 
unite 0 

Engineer in charge 
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L'.a a a sc huo ©l;t. a £ n e-t t tu fc c a ï I ©CAao log?/ 
Gnvabvidgs, Maasachusettc 

Date of Koport? 

bub j i;C t, ; 

bap'i'.eraber IB, 1945 

ASGA Confererao il bap's amber .!.4C 1945 

?&gc 1 of 4 Pages 

The people it tending thia conference! v&vai 

J, Vi0 IDrreatar 
J,. Bicj.nell 
L; Berobauw 
J,. Lut wig 
M, Wi. .unaki 
H, Brj/d 
2.,, fl’ orett 

H» Ho11angel 
U, MacKachnio 
V. \, Loud 
Li., Broun 
M„ ÿlortmcourt 
B, Dri aleo 
Mo 3Jieroo 
S, Dodd 

Taka^off aa¿,._ljfla41.ng 
Mdlt-.onB to the original take-off and. lending «paclflcetions^ 

were recommended b; J* BickneU- He recommmded that the rolling moments shoulj 
b® computed dur In® tak-off, but no effect c;C this rolling moment, wan to be f®U 
until the piano hid left tas ground. 

Screen for VIauÿ.._JÇg^fnâjt£ 
It vrtB decided that a aereen for visual tak©“0.-.» —.. 

included, as a part of the analyser, hut prorlsinna uere to be mr-.da so 
acresii could bo oasilj sddodc 

sot to b© 
that a 

Sjj ^UJkpX' .1 SLBM'áSW 
(a) 
(b) 

(c) 
U) 
(a) 

No accuracy beyond stall po'at 
Increase or add rolling and :v vwlng moments 
xiaduc© lift 
Problem of returning tc lift urve mast bo «eUled 
Buffeting to b® added on contre’.s 

Gomor/5 
(a) Comp re s síbi11ty effects near 

included by considering the £•’■ 
(b) This Mach number is like the 

could be added later it der.ii 

or i-boT® aound velocity can bo 
lath ; lumber •• 
othc; non-»linear data and 
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(a) Shotild an'?1?! ® 1.&& i:'° «'ipialaiic í c v,i.o-.-31. 
(b) Other t-asti-nwenta 0.,fcc 
(c) ahoiilsl thor-a tjf; a iiiort;'.ov?.y tmn ¿m'-sor aclf-Çí. lo 

GoîTDîMï fi ï 

(s) 

Cb) 
(c) 
(Ö.) 

(s) 
(f) 
(g) 
(h) 
(i) 
Ü) 
(k) 
CO 
(ra) 
(a) 
(ü) 

Manif01d P ra 9 surs 
Engine ‘SPM (built-in ayncroscope a} 
Artifical Korîeon 
Air Speed 
Turn ami Bank 
(iÿ-ro Go ripa b a 
Blind Landing Instruiaont 
He mo 1; « Flu x*-»ga t ® Go rap at; b 
Hate of Climb 
Altiraeter("ooth pressure and radio} 
Suction Gang© 
Clock 
Increase, Decrease Light a for tropel .1 or Governor 
Wing 'Flaps and Landing Gsar Indicater 
Outside Air ïemperature 
Öy 1 i ¡a d e r H s ad Te nrpe ra tur •» 

l}ngiaeeiaa Panel 

ïha pocaiLility of one pau si for the .flieht -mginosr end 
instructor vas discussed The opinion eeemed fco L® tho t on© «©.h could 
perform both dutiao« 

Automatic Pilot 

Ls addei] later. 
Provi oion for an au to mat ic pilot ffiuet so made, but it wight 

Deflection of Aircraft 

(a) Deflection of fnmlage and »finga reduce the 
effect cf the control wu:?faoo«r 

(b) Drop in expected roll wowent la about xOfjr 
(c) Ailerons Will not require extra onlculatiene, 
(d) StabsliKftr reouiros wir» ealculabiono . 
(e) J,, Dicks toll thin Ire X t should go is* 



'Fnçîse do not eliow moro than approx.'.mateV./ ;r„ TO'- of 
continuous wot ion, 'I'M a :!.« conoid« rod acoeptE.hla,, 

r 

Contar of ü-ravity Shift3 

G,,G-,-, shifto should he poasihla. Cimgo© of womeate of 
inertia wore discuesod and prohebly will h« includod, 

ïnct-mctormd Oiterator"a Panel 

The instructor will probably also act as flight englnoerc 
Kg should bo able to changa the foil.owing; vhilo the airplane io in flight; 

(a) Changa 0,,11, 
(b) Disable enginea and propellers 
(e) Changa mes and women ta of' inertia 
(cl) Introduce gusty or rough air 

, ,(e) PBHï now has chango g due to nought air / 
In the roll only,which Lt,, Ludwig foela 1» 
mor® realistic than the PBM reproaentation«., 

■ (e) This should bo added:, 
(b) Lt* Ludwig will supply &. crab or crores 

arm flight 'recorder. 
(c) Gay be controlled by instructor 

.Radio v 

A dummy radio set fumlehed vith cockpit should be in*» 
eluded to allow simulated landing by radar,, 

tfiud Effecta 

Ho wind effects will bo Included except rough a;U% 

Cockpit Motion 

(a) Cockpit should tilt and pitch. 
(b) Cockpit should probably be mountod on 

springs "out a. gimbel ay stem might be used. 



s'il . ,•, 

and 

(a) Kv.sfr- '*:« adc-'.al 
ib). Ivcapreli s*d for Vsnijlnfs piim© 
(c) Shouló be easy !;ö .::10,¾¾ .frsqiïÆücy 

®jntá ::. tuõ a of vibrai i 01:. 
ciad 

Con fcrol ayatem 

(a) Hopraoeni frict.ion, Inertia, ami stretch in. Câbles _ 
('¡.1) Put in coup],lag between plan© a.:’®, control sxrrfacea, 
(c) The oacirie.tiou.0 of tha control curfuccs dns to 

the Inertia o.f the control surfac«!?, and the control 
ayetoni, a'aö. the ctreftcii 1b .the centra}. caVl*0, -:/00 
felt to be of relatively high fyequewiÿ and the 
poasibllity o';‘ incit'dIng then® affect?, rrl fch the 
preaent fores loading f-q«ipmeiib vao oneefc J oyved* 

Written by • ■ T i4 V) 
oy i ■“■■> i ^ v-' 

• /? 

âiM: 
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6345 « B'Sporb 64 

A pr&llœtnarjr Invôatlg&tioa of th® raoordlng of iiiformatî.rsa px-or.lüad 
by th® ïillght AaûXysfir has shorn th® o,3C©ocáty for obtaining raoords of nora® 
quanti ti® 8 pertiasut to stability flight testing "which haw not he on inelndod ia 
th» Talóte of Symbol® of Report 64« These following aunntities will he required 
a» outputs from the computer, and have been deeigaetM by symbols 00:-¾ ni «teat with 
thoaa now used in tho normal stability flight tost reporten (00» SAOa cou« 
fldontiel reporto on Stability and Control Chsraotoristic$ of X'B-./j,75îV SB2C-1,. ‘ 
ar.u), ö-»4ü Airplanee) 

0.,0-,. - Center of .gravity position on longitudinal (OX) 
j&j&b, oxpreanad ia percent of Moan Aorodj-namic 
Chord (fn MnA,.a,,) 

■ V 

S - Stick e?3 control coltonn fores® 

55^ " Rudder pedal force 

^ «» Aileron wheel fores 

V .« Calibrated eir ærpeed, «am® ass Air Speed 
Mater Reading given by ffq, 49 

* Sf>{ - Total aileron angle, ©aual to &$\? + s .¾ • 
t « 'X'irao 

It will be noted that GJK cm bo calculated from a .-given design 
and hypothetical loading and can be related to th® raferonc® point through the 
variablo H:. (See Figuro 4, Report 64)., 

The fox-oos exerted on tho controls by tho pilot ehotv.d be meaeured at-’ 
the controls by ctrain gagsfi and stould be converted to binary »tamberafor rscox'dini: 

TO: 

SROMi 

SUBJEOXk 

D.m;. 

wmmxiSi 

Th® last thî'eci quanti ti«« defined ropreoent nothing new, bat ar® 
Merely supplied with suitable aymbola for -convanisn«®., 

P3T 5 hao 

K,;-. 



JCSi'tK).’í x:0 « íí.™9y 
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!-Jaa Rachucelí I a 1 /Uí i.i í;uto of "íer;'- •.a*3.o.;í>’ 
'ß . »Masß. 

¿)a<-,a oí Eeporfc ; 

SuOjiCGt. 

ík-',rc3‘A 7( 1946 

S,, H,: üodd 

';ií"e 1 ai l-!. oaí 

Conntauts and curvea for a Twin ünglue. Airplaae (called 
Model à) for Analyser liquation a •» 

Sho information in thin report waa supplied by the WBVJi1 
ia «January X946 as s, typical alrorsft analyser prc ulonu She functions and 
constants aro for the most part, defined in Report 64-.., 

ïhe follovjing constante aro listed for ref ©ronce «> 

mora© at of inertia scoff lois nt -- OX axis ,0105 

OY axis ,0140 

v; 

ra 

S 

h 

c 

yS 

H 

HJ 

:d 

d 1 

G 

Cr 1 

¥’ 

A 

« » « " ' - OK aniß 

airplane weight (cruise condition) 

airplane maaa 

wing area 

wing span 

mean aerodynamic chord 

,„\ ,0095 

,/ 60,350 lbs, 

./ y 1/0 slugs 

/ 1400 sq,-. ft 

,/ 114 .ft, 

,/ XM.,-53 ft, 

distance from fuselage centerline to nacelle centerline / IS«? ft - 

distance from reference point to c.g« along OX 

dietance from reference point to point of main whoel 
contact along OX 

distance from reference point to Ceg» along 03 

distance from reference point to point of msiin wheel 
contact along üÄ 

distance from reference point to Crg, along 0Í 

main wheel tread 

ground coefficient of friction ’ - 

engine diaplacement 

0 

,/s .--3 ft, 

/' 0 
* 

,-:. 3r5 ft .- 

/ 0 

,/- 31=-¾ ft, 

;|1 -05 

-/- 4560 ou., in 
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H B p a r V t i 0 . 46- y 

a 

K. 
'2 

p t ap: e Xlo r dijiiaa to r 

groo.nd augla 

heading 

increase' in gromd coefi’icient of friction due uo 
■pricing 

p V J X whors Í ifj raoiisid; of inortla. o.t one 
‘ p ‘ P 

propeller 

1y( =-- ja K 8 « .¾¾. (3 = 5)3 
P 323 

increase in ©levator contrihution to CL due to povmr 
from engineb 2 and 3 

.. 0 ( from fully deflected cowl fiepe - engine 1 

G 
I) 

(ï. 

Li G 

h h « u 11 - engine 2 

h h » » *' - angine 3 

tt it it « 11 - engine 4 

0 from fully dalleoled landing gear 
*w» 

G from fully da fleeted horafc oey door 

i) 

^ 15,67 ft: 

t> 
0 

y 0 
o 

0,5 

1435 slug ft 

/ 0 

* 0,005 

0,005 

/ 0 

/' 0,02:5 

„/ 0,012 

:>.G V 

.¿^T 1 
°2 

Ä G 
2? 

at 0 

at 

C3 

0 0 

0 

>dG 
i.y 

10 

An 

d r 

"'T" 

change In'basic side force slope with-?" ^ -0c 0001 

change in basic aide force slope with •? l!’ ^ ü 
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Eapo;î'v >To» E-9B 

•L.'-J 
iacji'ô&ae in rudder contribution te duo fco pov;er 

i'rcm engine 2 

inerfîase in '.mdder contribution t.o U(i, duc to vow 7: 
íro’a ífmRiíiO 3 

<J: C/ 
Kl 

JL 
,S. ï 

-0,001 

K 

,C ¿“rom fully dafloctod cowl. flaps - engine 1 

SS 
,'.C 

25 ol 

- engine 2 

angine S 

- sagina 4 

from fully défisetcd landing gear 

from fully daí loe tad bomb day door a at--'- 

¿loom fully dsflacted bonito day doors 

-0 c001 

a:n. -0,001 

0 -. 005 

- 0 ,/ -0,010 

/ ‘I'O . 0015 
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âaporb Ko. K«-98 

K cîliPDfir© la Ijaslc yav/lw? wq»®»'« elops 2 or £u,L.lÿ vis. if ¡o», tel 
'"2'? ' “ borna doors S O-MOV. 

K constant for aileron divergence term 
.O " ' 

K . Change in basic rolling moment slope with ï " 
29 

K, 
&0Y 

ao 
at Í =: 0 

ï ! 
C2 

K change in basic rolling moment, s with ÏÏ !' 
°2 

Kæ li!k_ at. V 
•O.T # 

Or, 

K change in bade rolling moment slope.with S ' 
3o . "'3 

It, 
•era C . 

34 
ï 8 

0 .1 

X Q 

-0,003 

-0.,0006 

^ -0,..005 

X’V, -0 0OOQo 

/ 0 

^ •tO »00016 

0,,00015 

.- - ' ■•••' '■! --:-¾¾ 





I 



XíffiO 331;ï ícaciti Qngin'..:;} at •CRÜX3IKÖ ÍWiíE 

(h-ofis Weight 

hlST Olt MISSJM rüIfG^XüHS 

•hoaei terrae are for the gronad rua osily 

thSKO fuuctions daecrihe the control 
surface hinge moment modulii and have not 
heeri dotermined as yet 

thorn-, f-unctions describe the engine 
performance end- will be available for 
the type engine usgcL on the airplane 
“A“ in the »oar future, 





n-dùBbers <:'í' Bttrvß s i’or l'ïodsl ä plan© ar« 
original graphs .ore filed lj-. t,h€ prixit d 
ohtaiaoA as raçuir©a» 

The folloVriag drawing 
lisfeßcl for rofereaca.. -’he 
parhaasat and copien my h® 

Sms'll l'as&M s IsasMaa isafeas 

^ , ÊF, Tr' , A B - 33C00-O 
B .-■ 3.3( 01-& 
B « 33003-C,- 

■A «■ 53C03-& 

A - 33004-0' 

a - sacos-& 

A - .38007-0 

B •■» 38C03-G- 

B - 33009-0- 

«A - 33010-G- 

B - 33011=--0- 

33039-0- 
:33040-6- 
38041-0- 
33043-0- 
39043-01 
38C44-.-G- 
38045-(1 

A - 38046--6- 

-¾.....¾¾¾.. 
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miWÄfflVLmi sk's; ummsotix 
KBí!a6o2ite»»i.io,îü»U6ut>© of 2î®ctooXasy 

OaabTídgÊ,, 'Masßechua&.tto ; 

JÎ&liS r,.f Hápc-rt.. July 8S, wm A Æ;g,) 0¾ 

Su»J<íCt».' ' i)iäouB3i«ii of SHuíctloa® iñ Al royate ivàW.erj’, .-. - 
íioualiloR® oí S-O-'.',-1,. aaâ IV 98. by 
i^yo’fiyueaiiott urovp... 

Víritt©« by.“ Karrl» .VaiaiiastocV 

.'¡Jisoucv&ioaN i.» aaaly?»!« h&a bo«A ‘asâo &f tfes .teollou^ app-s using lo. :• 
.gl.;-.irF.it ©quûtlooa 'Of Report® Voß - 5V-84. suA iV98 , lo- obiolft ¡i& 
oí îha etornge up ao» ead íntorpoí.atíoa tim nacooföary far «r<. &aoq'aî).to 
raprosott'tatloa of Iba Tarlcibí.® cooííloi&a»» is 's.'ïsss » tju&íion.ri.. ciad •••'■- 
point out tào táf-alficoiice of oosio of the femotioxva aii folio««. 

, 1 -. Bangs end. accur^oy of the t««n:tlo**(: 

Z .* 2\xactioRq for whlpU data is at prso-sat 
sowowhat noßgsr out will at oaino tsws Vo aor® 
conplytf 

2 V íüuctíoas ici* which storá data will, bs 
«applied, for fehs. airplaas bow uador atv¿y ; • - 

4 - RalaUvo iaportanc» oí oarbaio ianoUo^-.s 
for this pertioslac alrplaue ssni for slx*plan©«. 
1» goneral 

5 ., Raquir»d aíicursvoy oí rcp:?èoeai;c51-.-}¾ ox* 
isitarjiolatiott 

•ïviaeUoas 1 tha-eu^h 34t. which spponr in ihc ©qv^atlc-û« of , 
motion. h*%TO besn olí:"-, i va o.&taU aad th-3 aeUfii&bos far taox« ar« 
roaFoaably sccarata though atili &ahJ|©oi. to rovluioa.- '.'Ainotimi* 38 .t;u*co;*.sh 
ñ4.r which ara iavoivod in the Mags morosat «ötmtSc;xa. oot ,/ot ¿» 
swtábUshsá and ths r©q>alrad :i:o.r Vmm hue bisaa ostimatsd to * 
loimar dogs*©« -of accnraoy,. Xt will feo not«« that tae auiftbsr of wriahl.«>3 
lavolrod in aomo of l;hsttô lattar fuao-iioas has besa ríduoed ícom th«" íc-rro 
ia which they appear ta a-54., áo?ialoa X- to what- - '5hoy oUl. h» Sa. & forth-- 
oomlag revi sien •? ■ Rou^i estistat©« hiari? boon. «ívE:-.« fox, .'Amotious ßß 
tarouííh 6Ô.. deæorJIMïg »agi ne y,, laetruroeati ß«d roi 4cailfinooíi?¡ effect® í'f,> ' 
eatiroatas aro yat avsd.labl© fox* f^' thrrough f lítóch. axa • fimctloaf of i' orí;' S 

X.u«Xud»d herein 1¾ a dra-.ílng Ilot cí all ramctlcuia» m»**, of 
which h&v« hoon raoautly rstlp^d., and aU ouginsers ara argel to excisai.ï-.* 
tàî-lr filao fox* obaoleta print®. 

-r 
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Xn fcOs «aá /:.-1 •scc.peXoa Mhv.ci'i foH.ov,. ¿mb ¿'moîflw’ h>w. 
‘¿»•atm msigmO. ■< «mX-w o:? n ■■ot Itmtx Sa'íGJíjrO.Auííw altjag ssicfc 
vsr¿g^>X© eaffS.351011¾ to rçjeî;xX;r ihs fftiwe oi:’ fch® fiMt»t-.;.oa to the s-cquí..1:*?'.' 
aocwaoy foy «11 polròa.. Xs soja® • oaB©fô vliájro piíír.líolí.u :lat»•poXttt.iou. xo 
y&tiiisy o'bvwrojii'f ißdic^tasl, It'.has booa »^goafcsd ia tcho z-e- 
jïsayk» on the iOsaotioa but not in tb.u thimXaí' BVJiJmírí a-,?... líii® dooo »ot 
isíiply that l&meä’ lutarpolntloa smofe bs uooä io y ¿’uaotÍJ-m® bat sorv.-to 
as a gttldOj. oonsio^nt throughout-s. aa 4o .hot-t clcsoly iih« gl^m 

, saust 'bo i'ol?.owod la the Method of iateirpolatioa uood« Xa goaereó, aji,r 
Esethod o fe ha r thaa linóes* will .yoçtóro 4 ho utoragjè of tows? point-s |œwl 
mora coapufeatí.ía. la making fehe iatorpoXafcioa.» 

fhe limited rajigo of the ’/ariabl«» ia ©nch i® ¿g.Te'::, 
na tho rsngo for which & vary:iag valu© of that fmotion maaS ba cos^«fef'.L 
It mus» bo yealisad that the tola»» of tUo wisvbXa© which, tew® beoa 
datamlnod ©lawtoro ia feho ooiqjutoy isagr bo outiddo thole ©iiSalfios-a*'; 
mina for a particular fmofeio-n ande if ©o, oomo .-.•oaffonablo Tala© of tic 
ftasístioft,, ouch 'ao soro» a constant, or its roaslî(».n mot he Sml 
out by th© iatorpolator., It may b© poaalbl® to doriao m&m by whiolx 
this! «an b® don®» it is not feasible or de sí rabia, the limiten, víxz&k 
of this veri able a will h&ra to bo oatendod for ©esoh fnabtion-to Inolwla 

. the 'maxisosa rang® of that veri able appearing anj^hor® ::a the coaput®::., 
sad additioas:! »torag® and latsrpolatloa pto‘ñM>ft, aeoordlagl;;»'.:. X« cvllf 
report the auabor of interval.b IUj stated to inoloÂe only the Hedted 
rang© of the variable for which it dew and s signifiée©*: and vssryiaf:j: v.aly s 
of tho funotiono When a teat Loa is oymaetric©). about an ©sis, it :1: 
assumed that the ooajputsr esa iatarpol&t© for ©51! ser •positive or n^gaticr® 
values» sad function atoreg® will be required fer only one - half of th® 
total rang®:. ©Kaaplas of this are » :1.., 

*»U a?|. ' tí'li ¿i& 

.following a detailed disouasion of natiy of the fanetionss the 
required storage is tabulated a® follows* 

£®fâ&X-2LJte&^^ - Opposite each tmstUm 
number ia the fir3¾ ooluma ia glv»a ths atuaber of points to bo stora»!. 
for :lt la a colom appropriate to the aus'bor of vorlsblae In that 
function•. ^b.o total.a show th® amount of 3*5«rag© usees®ary for all 
functions of different number® of varlablss sad also tho avarag© number 
of points por function for functions of álfíerenfe auaiborg of varl^Misn« 
Sh® total aumbor of points aeo-esanry for the funetlon-a la tto equatione 
of »otioa is approximately 4000 , 

fabLe.é-.XI.,.,rPX « glv® the saian for the Mago jaostenta and for "the ®ag;incif 
iastroaoat ^nA miaoollaaeous fuactious.» She totial storage rsouis^d for 
l( Tí, and III, together ici 6300 points -. 

‘gablft ; 1 f » ohoaa iih@ relativ© Interpol at ion time required for tfeo c 
of foaotioa© i» X» IX» end XXX, and for all. the fuaotioa« of various 
nuabera of variablen, Xhe t?.æ& for on® linear Sat®rpoXatiou ia a 



I 

ïbiHimî! V!-;.-:-i;: 

K'f.-s 

3«po'.\ ■'■ Í.-Í.O: 

var:l£,b:ici :ls t.elr.ôï/. I a'in. tho vsl-ativ© :lRt.ôr,í«latSoa tima far 
ftisatlou!; o:f' 1,, 3,, 3,, e»d 4 worißbi«’»- I?; ia sb.® jaai-io St ‘«7:; 13,. 

Sa ^.h® abov;ï-E;.3ut,:lijîi.3d tablait .'hiio.lßj'gost. perslsel^le in*» 
CíCfâôata of 6«oh wiábi© hare- 'ôaan us'sâ in ^aoli ^jacèlo». for ptwrpi.:-ac!«; 
of probes» siaplifioa-Uon, ife »s^ ba d'î> ai sable i»o> uee. t,he ®raall©ö& 
ro&soaabXe avjab©? oi.' dS. ff ©rest incr®»aanta of aparblcu.lax* vaslábloc '!?àc . 
ooist ia ötoK’Kg© of makîjag .lncp»©afe® of a ^rasiabla ao:ro conaLaterr'; d-t- 
ponds ao% o:o,ly on th© at?jab®s of poxsx'ia aî.ready utorsi for a fimc^ioa 5.a 
vbloï). the ■variable eçpeaTss bat also on th» «osaber of Tariáblo» who»..?* 
iaoreaants it ia d© ei red to ehaa$© which appoar ía th» fuaotioa., í?h»r«> 
or© possible oombiaatioaa too sta«roua for »Toltiatio».« 

SâiSlâJI ” lista th® cost in atoras© of poasible rodaotaons i:a the' auiab©:;' 
of laoromoats of S of tho variable© ia th© oqwfeioaa of æotioa on th© 
assaiaption that no eiasls rotootloa shbial'd bo mjvdo which of itself ®!do 
ovsr 150 points to th® total storage,, Shis hna not laoluded th© hln<g« 
momoat function's« 

■= aro a detailed bresJcdown of tho ataras»arles la fabios ïf 
n„ and shot? th© varia:'les ia each function* tholr total and liaitod 
rang©,, the roquirsâ iatt-i'valo for each vari able, their ineroraoats aa/i 
th© atorag® required for each fonotloa» 

I 

Det&ilod Diseusßioa of SWtloass 

(cs^, os', ’f1 } 4© th« Largoot torsi ia. 0,,,, 
“ 3"!"3 **' 

SUo Hft 

ooaffi.cieat taeasssred along body astea., It will ba •rsprosent.©.;! for 4 
valúas of flap aagl®, (f ?, and 6 v<vlu®o of thsust ooofficioat f ■ 

Along cH it. ißsjf bo Moquatoly roprastmtad by 30' 11aour Lntwvid-i 
'3-¡-S 

It 
i@ laportant that 07 b® rather closely gly©ac M©«t of the curve® «¿re- 

mas 

aaar oaough straight Uno» to '’oa ropreaeatod aa such.. She stall ara&Un 
®\ s- oorreapoadlng to will bo continuously coss|mt®&, à ©trai/iht 

ÍD&1S 

11a© reproaoatatloa in one Interval ««a be carried to 150123 poiiat 0%'' . 

either csi '' » (c?^, - constant) or cA -•J ft <rA ~ f( Ó f, T 
V» 

)- 

Beyond this,, w© mat• us® a ourve, sifthor 

4 í ( cx } or 0„ «s» 0_ °z “ °z .. ci'.F, T;' 
od '■' '33r3 

BoyoadcA 0 6g is not oriticca. sM will probably'to ©hews m 1% 

drop off to some value of cA and & Gomñ&ut thareaffcesN . Th-.» above 
alternate® arc open for discussion, 3?fa» ecuamary of ®tcrag© .aeaasiog 80 
linear Intervals ia cA , Bata will b© supplied for ó f « o''( ig>- ¡-^a 

43 -(5- 

1 

•Aj.At y.'f’Lr .' -Vl/ l: 



1. i ■■■!■•; 

'Eç;pOi' '5 Í':í .. .¾ j,l)ü 
■ Ã. 

Ag{ Ö ) is frlis Gff'îï'i; yî!. /s.y e'ag^s 0 ',K' 

,,5 aaá.isTlvJtor bf yM3ií. 1» ml'&ipHsá.,. Si. >Ä'i3 .la ïha iUtvx-â bb 

¿í :í: í> mssKîttïâd fco :1: SO^ and wo'fcimabed to 4; dO'5:. Xt i® «ftwí» 

BbVi.*e«a S0° aac. 40° 1¾ bo a. coontaat os* a ooat.ljmatioa of th« curvs.. 
Baing a fuactloa of only 1 v&viabXa» it, Irs c^hoapor So uo® 
aáâiUoaid points than to progmi a ooastmt .for n >30*'.. Sho swmiary 
shows! latermle for ono aids oaly,, 

6”®) is tb© ©ff©oi-, of ©levator aa^L«> on tv.» tlao llaea'.* 
r*s -i.» 

iatarpolation with. 5 .intarmlw froai -30 to SO’ 

f (G\ , a ) gives the affect of Mach Kunibor on Mach Hussoor 

io th® ratio õFairplana vslooity to the velocity of señad., ^ho foliosdsi,;;: 
¡■^onersl roKsasicsi apply siso to «h© othef Msch .viuíflbo," Ximio.'¿icB.a ^ ¿«'.’d --. 

The corves supplied do not represant data for thia airplsae.- but aro In¬ 
cluded to eho’4 the general form- of the oustqs . ObvJ.oualy the fast or tas 
airplene, th© more important they ha coma » Although they ar© no*» importan.:; 
for this alrplnae eatcept la a. divs,. w® wist he prsjparad to handle them in. 
■Ym future, She higher the aagl© of attack the lowor the rnnKlaum Kach , 
jfosaber 'it will ha posaihle to attain, She functions ®s; plotted show Komis 
iaooaeihlo or unlikely regions« ít 1» probable that tfco computation of 
ra 'in equation 80 will avoid ambiguity but conaidoratloa sintód b© givsE 

.u 
to the possibility of further limitation being neoeasayy for traafiieat 
conditions« Bbr any airplan® we may limit la :!4 frea - 4 feo + 8' saci 

ta from 0 to v8e With pro sent knowlsidgs of m we may usa S Xiraar 

interval a la mû, 8 la a „ Whoa and if data Immmm moro accurat® it 

might bo deolrabl© to neo parabolic Interpolation for c>> with 3 iatarvalu 
Thia probably a©ed not b© con eld »red at present» "¿oz this air^lan© ths 
maalausi aa will be ^proxiaately «6 at o’' ^ 0V and for ök ^ 4* > ‘-siii 

hav® ®, negligible valu®» 

fg o cT ff) 1¾ the larga at term in the dr&.g cc®ffi»i©nt 

meacured along body aïiea» It, lo j&owa in Braving B~38C'08»&"3 '«hícía Ib 
quite different fro.® » ' th® drag coefficient along wird axes, »rawing 

A-SSOOS-ö-l» It will bo represented^ for 4 valxiáa of flap sag!©. 
sad iatorvals ia from -4 to + 16 ... It will bo nscasaary as in f, to 

assign some sort of drop off for ot, r* o¡..-^ , 
funotloa in the immsdiat© violaity of est’ 

slbho'iigh tJ;o ©hep© of tha 
is latía orltical thciß. in f, 

Data will b© 8>?2>pli®d for á f « 0, 15°, 20° » 45°. 

. ;t-.. . . ■ .1 ■ ' • 
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i,;(% y %<a t.b.o ooB.tidtwfcioft of yav e»4-:lo» % ■:■ tS»J -•«‘ßß 

co.oíjfS.cieat, C ., 1% I«. aa importaaí teints for which sMitlonaß. iaí» ’¡■¡'LU 

'0« aappHôâ to'l 40° - It îs epimatricaX aboat ^ - 0, Ooa »$.0,8 ean t>e 
raxi'rasea'böd by S Xiasar int¡s?veJ.®., 

f,.j{ S H, c¡ ) î.b the üontribtóion of. nvâô.©s‘ âoîXactioa h S tö 

ia® dr&g oosííiòiôat 0.. for various yaw angles, h * Wo »ill ue© 4 
a- 

Vidua a o;i à eithor ai do of ft » 0 aad S intervals of * 3?. fov lis 
¿vjXX travel of -30° to 30°* Curvas are drawn for negative yaw anglas 
‘fixers is a aiailar family, symétrisai with the si®,, about é 1 * 0 for 
jÇîO Q?»’fc¡í>.V0 ySlï Jío St;öX* vV?t) il 5 'j.U(íí.O;;:\t/vKÍ -».OÍ* v-KB.l.y ri Vi:* J? tiUy^v'.Oh. 

and a progæm iS5 aaswßoi to tácô aocomi-fc <»? poaiti^o yaw aa^oo.c 

fg( 5 e» -'^C ) ¡ta tho contsibttlJioa of ti.» elevator angle & 1 t-a 

S value© of angle of attack,, ca» .. Our vis?::. the drag co®ffici@&t C for 

Till 11 b® added .for «* 4 /S'» IS « Mean® saust öc .providsd 05 «î.uoh thu 
interpolator will supply values such that for <** 16 ». 1® 
as for o<v » 16° &ad for 0, fQ :1a the sa»)© as for^i* « 0., • *lîhc 

to tal.. ©levator travai * <£S'assy b© represented by 10 liaecu' .or 6 
parabolic iatorv®!a., 

#(,( ok , to) 3.0 tha effect of Mach Kusabar on 0 ,(3®e reaarka 
» » X 

mider f„). ' ïtlaust'b© includod for tM® airplau®. crA oat: be liait©d 
4 o 0 

iroa «4 . to 8 and use G á’o/i- 18 Interval.® for linear interpolation or 
parábolio, îb.® interpolation for ® .«ay be in 4, interval a provided 
that m is limitad fro© A to .,8 ml that m ordaz: is inòlndpd so that that m 

for all 

gr ©at ly iacr a a se d ■:. 

for all cA , fg » 0 when siff A» Gtherwia® storage for a rast b® kà 

-f ( X ï1" 10 ' ¿l u 0, ) 19 táo ©ala tena in the. oído foro© cö®f fiel eat 

revision* &rawing B^-SSOll-G«!*■ -for 6 vales® C and 3. a 'S©W 
/ 

of S4(_ between which Hnoar Interpolation may ‘fea used. Hot© that tkg 
■'¿H-3 

curvo« ar© not ayaaasti’icaL about b « 0,, 2wolv® linear intervals will be 
»©ad from $ w » 30° to ^ 0* .4 30° oad either pregra«! the valus of ir. ‘.10 
gt g » *j* 40" to be the saw© a» á :™ 30' or extrapolât® the data, and 
add additional points» 

- ;i 

' ■■• ,¡ " :1.1 
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Äjgjoxi Bo.- 'í'"-iOS 

t-.-A Ô B) :i£ 'vâQ eí:;'60t o:? rvúÂ^t aßg'.l® ^ oa tô-: - O. 
í: 

íorcs ooôíficiaat Q IA l» íiy®3<atyioeX s^jyat. ò-S :r' íii® «:• 

¿- M íi©ií3g ¿; S0°n St Äs ^aprasoated oa «aa t;iils "fey 3 íü.ò^^rã.iiín 

c>i"- í d ¿''"f ‘;-'J0 5 is t&e «süst importsaö feoxm ia 
S'í-S 

tti© piteMag mmm% oa©^ioi®at» 0^. Xft «iXi T>o :;'©pr©o®».tsâ for é fai.'ÿ' £ÿ. 
í«gl«sif é .f;, and fox* 6 yivue-t ooaffißißatö, í?* - c< wiil Ts«’ 

By 5 intervals for ißtsrjjoXßtioa B^two<m «4' and •(* Hi" „ Soro« 
raia© met Bo stáfsigaaá to for ©k '7“ IS Ba^ the esset, B«st- trs-atswir.t 

has aot Bô©a worfcnd oat.. 0a® pooslBility is to fall off Tsxpiùlf 

Beyond - 1S° By adding oa« mors intoiral to eaoh o'-äxto^ Sor.-.- 
aarvativoly» w© should ta«©’ tfeo full ran®® of si-svator„ S B from ^ to 
•<* 30'* » uaia®- 10 iaterval« for Xiasar Intorpolatioa.-. ®tto poaolBillty of 
lisaÄtiß« ¿> B fro® - 30° to *i- 10° la -aMz-r ooaaívdor&f Im a»d ©fi'or&o ■■.sil.]. 
coat lau© to try and r«duca the pr©a®at aoaBoi* of 1SS4 paints to Bo etorsii. 
It »saat Be recogaissd that tîîia la an ©xtromaly iiïportaat faaetioa is:;, 
tha Befearior of an eirplaa© exd too auch cosg»roblas ccanot Ba tolsxatsô.... 

a, " '"’A: - iß tho sffsct of 41f:?ôxeat-i.al tteamt o a t.Ba 

pltohla® jaomeat ooeífioloat 0^-. Xt Ac giToa ia Xhrssdas ,1-38045--(1-1 

»&» foraorly d , «“0- » ï*0 5.,, löravi-og. Æ'.m raviasd rL ,, 
;3 u3 ' ^1 1 ‘ 

io not’ œultipliod By (1 -t 3L )., 'Jfh® liMte ara; (5--11 - 5?l|„.' } ®po«r Jl'ílí 'ÍÍ,« ij ffy ’'3 "’S 
-»„S to “i" aß and it i© aot syanotrloal* Haproaent By S lim&r Zanervitio- 

0- » I ia ths -offset of yaw on pltcMa® «©tarnt 

ooeffleisaft 0 , SB® liEits of ara --4° to * 16° gî.-stan By 3 . Haeaw 5 a- 

tervalSo- Ò -froa -40''* to ■'■;* 40^ is aysastrieal íibout 1¾ » O and repr©=- 
s«at®d By -6 llaoar iatsrvaio on ©aeia. eido. 

^ à ) la ths of feist-of ruddar angî ©. é R» or. th® 

pltoMag jBoiaaat- coeffieiaut 0,,. for rarious ym m&Qtt ‘t .- W© will «vt-i® 

4 valu®» of $ either ©Ado of ô «» O and 6 Intsrvalß of <^51 for it© 
full travel of ± 30‘,»o Cn-waa a-ip toipn .for n<s®ativ® ym cngl©» and '•.sU.'.l 
Be mypplieâ t'OT % «« ©' * 10',, .SO" „ 30', 4ü''., Sh-ijro lg-. .¾ sisüilar á'a.aily(. 
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s,vî;.1 ¿a'ÿrical vith fcheao aboiVs ¿--¾ » Ô for positiv® ya« eaglos-. Stor&r® 
is; ;U:idlcatöd for oaly aeg&tivö yaw aùgloe aaã ^wgro» 5.« to 
tate® account of positiv® yw aagiao.- 

•fr* ( <-V 
•'16 ' -"'■■• ■: ^j.,. is tho affect oí Mach Sfealisr on pitcMagmo'iwmt.. 

(} ,, ÍS,3© Teasirteo wndor fJ- 0¾. oan h« limitad iros 0 to 8 requiring 8 
!?, , 4 

iatsrvala for linear intorpolatioh or 4 far par.abolio, e oan h« limited 

fross o6 to ..8,, uaing 4 linear inter val» provided an order is included so 
l-hv's for eli C*v , ■?-- « C M.hc;n a >£ „6 othorwiee store«® for w. waet b® 

gr ” at ly inoreaa® A » 

naijUglblei 

f,,. « D vi'Mn m € 0-6 othorwiee storey® for w io 0. " ’ «■ 
Model A i® a. elo« enough airplane so that f.g is 

iypih) is the ground of foot, that is the effect on the pitching 

moment 0 of proximity to the grooM.. It» limita avo 0 to ISO feet and 

it msy he represented by S parahollo or 6 linear interval».. 

f 1JL( 6 
c>l'5 cA„ } is th© pare ox’ the yawing moment coefficient 

for various flap angle a, §.?, and angles of ß « due to angle of y «a 'i 

attack ot« . together' tilth from which it has ho on somewhat arbitrarily 

separated to give 2 ftaactlons of 3 vari shies each,, ,3 säd f19 detcraiia» 

a very important characteristic of the alrplsn«, ».«aaely, its stability iu 
yaw, BometiJn«» called directional stability, ftor'thi® airplane S intesrv&ls 
in o<. will he sufficient thong Ja mor© may h© re oui red for other airplanes- 
11 Is characteristic of aajc<y airplane» that though the elope of the -yawlag 
moment corves may he constant over & rather wido range of y®» angles, 
there ara changos in slop®, or even raver eel e in sobó casos, in a. region 
very cloa© to '0 * 0„ ®hle ofceng® in slop® within ± <4° may giro rise to 
oharectoristlCB extremely unpopular with piloto so it 'suet he carefully 
represented-. Wo have a ohoieo of a alapl® program with a large. number of 
intervals or % more complicated progra» with loss storage. If® may use (a) 
80 intervals hofcwcen ô œ «dOc to 5 *» 44Q , or (h), SO intemla from 

5 œ -40° to '5 »’■ 4* 40° plus 8 intervals between '& js =.40 aid ^ « «H0.. 
®h® summary which specifies 343 poihte for tMa .foaotion ©spumes the latter 
and should he increased to 978 11' the former 30 intervale are used,. 

%< Ü » 1» the part of the yawing moment 

eooffioient, 0 contributed by xuddor angle 6® and thra.gt ooefficiant 

ï It will he neoo a eery to apéolfy 13 intervale for the foil rang© of 
Sd-S 

ïtÆ
sa

^x
ÊM

Ê 
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oí ®} ar® ln«l«â©â. but U may bo poesibla to racluco tfeie atstabor^ 
,, 2*1-3 
ù osa ba limited to 0 ¿»tesry&lg for ;!■ M0 providoâ t 
s _ ,,-,0 . • ,,-0 ,,0 . 

1 M'^prorided^iLg le helft coa- M- w W « •»» ’•■í* !■» *» k.'.N / «><-«• Ik» ifl>'*/<h ^ ^ XrJ ¿L ^ |u) £• <,.> V .J-» uU'w' 1, w V /« rf» W ÁJ>V* |4f "À •.«Vl/Al»”’ 

otaat for th® reaoiittag -403 to »24° and *5- 34° to -i- 40° data will 
o© svppHad for t-Ms fanötiou. 

« ri‘“c ) is a oorrectioa tora to ïy^ ûm to oasyamstricai 
___:1,. 

oagia® operation and will us® S linear latareal» fro»’ -..5 to ,6,, 

raosaeat coefficient 0 , produced by v.h® aileron® for varí.on® anglas of 

attack,, SMb Is aa isportant faactUn which together with .other tei-as 
detesalnos the emoimfc of rodder ahi.ch must b_® used to start or ¡stop ® 
tura, and f ere mirror Imagev about, çí A » 0,, m it should be 

aeoessary to store data for only oau aileron» If fpproprlate prograssaiag 
iss too cuabereoroo» storage «aa b© doubl.:'!» I-Ito linear iatorvals will 
b® used for OL ®ad 6 for ò A, asking $ storags raqui rara ®:at of 48 or 84 
points» 

u 

will b« given for Si .aagleo of attack oL sad <3 flap aagl®® 
Additional data will be aupplisd to extend the yow angle }j to ± 40° 
make use of 20 linear iatorval# la this ran;!®,. The fumotioa l® 
symmetrloal about ?/ « 0 m only half of fcho?e need be stored if m 
appropriate progrm 1» set up. 

th® ttaanel has appeared in arming® A~380õ9*»8' i«l. A-38060~ß which show 
certain feetur®» without full seal® physio,aX significance which oust bo 
attributed to laaocuracies in the model» The m» drawings A-£3059-(1-4, 
aa.4 A»38060*0-l give a better repmsanSatlon of tho actúa!, airplane. Five, 
intervals of «<= and 13 iatorvals of o A., wlil be nand few t. f vnv> 

need not, b© atorad separately -. 

dnv to i.*ada©r <i©fleofci<m 

>• t-r fu3.1 rudder travel of 0 It iß specified by 12 linear iáfcgrvals’t 
± 30 » Symaaetrloal ao half above stòrage,. 
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'*:3ÜV;?^ 6 ^h© ytiwiÄ/g Kioiflsnt du© 'So ro-liiag' volastty 0 

P 
i ® 3¾ liBpQX't'íifj.t’ ííunotiloti xú tita EBOtäca of aa alsrplacio bu/S oâxtao^ now bo 
s*.ea»«r«d ia tii@ wind ttianaJ.« ^©r* viU probo.'hlj?- be dàfce in the fo.tmro 
ibou ooatoaplafeeà wlad t,wan©l aet-i^ns-. Tm curyos fiitowa in dm/ia« 
A-3806S-Ö hav® b®an ssalculatad,. They have he©» siapUfiod :ia the r«vi8»a 
ds*3?ii*>ig A»«¡6066“6*»X t»o ffl©*© MaUaticijily ropraaeot pr®6s»t*> ns curacy» $h®y 

hecosno more cowplicafead ia th© fature. We will ús© l interval in 
ò S' end 5 1» oc for th© praissat asourasy. 

Í- lv, 
%■ 

fc 
‘H 

ÿfi'A 

fj V- 
Ib, 

fggCtX » ö F), fcte rolUttg-mojaent duo to reiu»{5 velocity C 

, ^1¾ß '5ha same comssaata aa apply to f g* ffe@ ®5.mpimod drawing ie 
'1 

fg^(ow , ¿S'1), tto rolling moBient dus to yawing; velocity 0 

i a aleo Calculated but with slightly 'greator accnrccy than f and f „ 
30 n'ji> 

It may hi so be better known la the future. 

Dioou&eloa of Hi age Moment ïWstioaa î 

As pointed out before, the asset trertmont of tho hi age momont 
functions has not basa as thoroughly worked out, as ha.» that of the fuaatiojs.© 
In the equations of aotioa.’ It is bslisvad that the present treatment i® 
adequate and representative of whet we will end up vlbh., Ho drawing» of 
thos© funotions have yet bean released but ühe aeroáynaaic» group has 
typical corves available for laepeotioa. Îi/.U® VU Hat« all current funotioat-, 
deleted f«actione ara referred .feo la. th® drnwiag lint, 

fSg(oe , é\ Si, ®■ c _t‘, ta® «oet isrporteat term, together 
________ yK‘> 

with iggn la tih© elevator hinge moment modu).ue, K has bcoa reduced from' a 
J3 

itoction of 5 variable© by addl^ - S"c ),. w© will .a®® 6 
" 2 ' S ^ 

r ' cf ß»gXc o£ attack,C»4. e 5 of ol®vítor nngj.e c¿S, 3 of flap ane;!©, 
Ö 3', iP“c rau^t bo described from 0 to .ß but, ,¾ to&©vval® do ‘not îoem 

IK'S 
neceasexy, ®hr®e seem sufficient but would recluí.re ostra taetlng for regal« r 
intorvel». W© will tentatively a® suss« 3 mtanml® without spec if yips the  
iß«r®saaa.f*8. 

..it '}} 
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3.0 

, 

.«ÍHsiiki&álâkSS 

•e . (s* •358 J. c. 
5’ ) iifMofe is by ( X ^ K¿/< i ^ ' is 

0A. 
a üorractiiurftrF^rTakô «.ccottab of uosiüriBffiobrtoal ©b,gin© opsreUoû «««• 

wUÂ be given XO iatorvale fro® -,5 to + » 

# f ** 
f„a( ^ iS.. V ó s), tfc.0 contributloa oí 1;ho elevator tab o 

W »letator hing« mm:* «¡tala» %. »aa OM» «>««* *«. a «y»U« of 
33 

a variable* by woltiplying it. by a factor (X ^ ,J!'e } vhiGh w111 

adequately take care of variations caused by tlmxat cocmcleat. 
in f with aogl® of attack,, oc „ is small enough to b© oœiaod, 

:;Ä 839llrvS Of tab an,l,, d'V ^ « of ^Xô* °S 

f oacL Î , have both been reduced fromfunctioas of S’ «4 
.- 41 ’ ^ 40 

Ks to functions oí V and retiuiro 5 intorrai.s fox each. 

f í X ¿R, T" ) the æoet important term, together with. 
“Ail'1 V * v C . ... ¿ 43 * M fi w v C f. , 

;f: , in thrrSS^SÍãgi^õirââ^móaulUB, K„ , hae boon reduced ::roe a 
' ' TÏ *43" - — ^--- '^a1' 

function of 4 variable® in a Banner analogous to the treatment 3;ga 

0 say be limited to ± 30° if the value of 1® coro tait ^osn 

+ 40°,.and will be given far 12 intervals In the Umitgd rang® 
¿le éiï, will have 13 intervale for Ito range of £ 30 ■> 

1 there out to 
5i?h0 rudd©r angl© ^ *•» »*•*** - — ... 
içt áo ia á» will have 3 intervals, fhlereouXta in a storage ou 

òQ 
"2^3 v .f, 

676 pointe which may be reduced if it is possible to program some sort oí 

oymmetry which appears in the curveo,- 

f 1(®lt - f* ) is treated similarly to f,s y 
•**«*■ °3 ws 

i- ,T( ci3.,., Íe? is treated similarly to fvQ «itb additional 
do 

pointa to tátaTccre aF the greater range of 6 B than &X 

aro dclötad- 

iÉIÜ::,.:.. -,, ük'ä 
'AKiÎÿ'ii: ' ' 



I 

avorvslo 

1® psrî of the loft alXaron blag© moment 

modulus K, a?).d roquire® 6 la^arvala ia all ©roa angle: 

attacsk,, c4 

f-joi 4 ) has beoa redncsd from a i’tmotioa of 3 v-ariebl«® aud 

is novf multiplied by ¿ â,T 

intsrvelB on o ao li aids. 

t is aymmatrie:£vl about. 0 and reqrdi’su Ö 

is daletod 

Xt la specified by 8 Intervala in ç 

fK,, i',-,,o Addicted) and £», aro-aaalogoua to f,„ to £, 

Jileas functions for the right aileron aro symmetrical with the left, and it 
ia assumed that a program nan ba worked out aissilar to •£ anâ £.,r Ho 

atoras® la tabulated 

: - • U-.;.: 
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SÏÏOÎÎMS ffOii. BqpA'i’I OIS Of HOÎIOM 

Ifujïotioft . mm-¿R of 7/cni!gs- avmm- 
ifejnber : X V£j„ir a g VarJ. a’ol® ..O.art.fib2,aj .4 fí-riaol.® 

i 

s 

3 . _ 

5 

6 

£04 i 

__..H...«. 

4 

5 

g 9 

_____ 

33 

34 

r. i 

8 

£ 

35 

6 S 

_OS .. 

‘ .10 

U 

13 

? 

VS 

..........13a:â...„.„ 

14 

15 

88 

„ as__ 
j 

16 1 

17 

1Ü 

— - ™ — 

7 

45 

r-— —__ 

! 

. 

3‘I§. . . 

19 

19.. 1 

30 

8 

703 ! 
i 
! 
S 

33 

?A 

36 ? 

¿1 ?8 

133 

30 

3.3 

|s4 

.14 

: 14 v 

’ ;i4 

rom 54 

?85? K IL . 7 

¡ 669 

i SO 

1Í586 1/504 

5,600 
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summ, 2Hsœ»OTi* ash miocíkoi^íísoü'b ^otqiss 

íítovctioü 
_ 

IHiMESl 0.1? PQÏ» S’XOBSD 
3 Variola« 

55 

5S 

5? 

45 

GO 

100 

53 

59 

60 ;n 

60 

100 

GO J. 

61 

6.2 

4 

n 

66 

65 

6¾ 

65 

.3 

XI 

8Ö 

65,1 

66 

n 

u 

TOM. 67 501 

ÍOSíA K)IWS S68 

Only or© eni^.n.© »oed ‘bo otoy®du 
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Equation.» ; 1RMBSB Q% miS OF .1 SO 4 VARIABLES . Belatlvtt 
Stóos'polatloa 

Tía® 
of X mr. 3 vex*., j 3 var., ¡ 4 vor-. 

¡4cítion 

Hiag0 Momeats 

4 i]ngln®.3 

Instöo and Mlso« 

6 

7 

L3 

4 

IS 

4 

S4 

1 
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89 ¢, 

55 

84 

? 
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31 45 7 B 
1 1 
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f/cor^c :ibr Sqviaft 1.0::-.0 of Môtîoï 
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c .,., 
© k' 0 60 1 0 45 3 ! 15° 
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_ 31 , . 34 O’- -20 *40 -4 -M£ 5 v!; 
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' 1' 

31 35 
. , . „,I1U ! Similar to £ J4 
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3! Í 36 . ... *# H -30 ‘tM_ «S0 *30 6 5° r.r 

.- 

., aiL„. bo..... 
OB- -20 *40_ «4 *30 6 4° 14 ■ 

__áj .. ..0...m 0 45 ., .., 
.,0 

-20 viO «4 -430 6 4° 14 

_ 0 so 0 435 :i 46° 

1-¾ 3V 34 c^- -20 -HO -4 -1-20 s 4° 

__1_à. ‘L... 0 60 0 45 1 45° i 

-¾ 1 

■ --I 

ïofc&X Points 3993 



•N ^«V.-, •'• •:'••*• ' --i 

•''.Mr'.TicîîwiJ’.'./ïiifta^it’rvüiisasît.ïî^s'iV'-'.- 

634® 
Söpoi't Ko, iv-1.03 '¿0 

Âmm 
SÏOEAG33 ÎOH WMF, tfOKSSSS 

c 

Equation SVmcMoa v’&riaX'ls 
H?«3g0 

-SÖ6&L r-Œï^a'! 
ïdaoe^ 

ïntèiTAl© 1 

1 

XsHsrcs&ttaítjj Foiuttí; 

40 33 Ci-' 
-- -- 

-SO +40 .«4 30 6 J 4f 6?; ï i 

cil? 0 80 ■ 0 4:5° ••:■: ; a.? lß<:> ; —*.—t 

öS -30 +30 -30 -:-30 î-j
 

o
 o 

1 

Ï'J 
C’3^3 

0 ,S 0 ,5 0 ! ï 

irr.TT- ,_ _ 
1 

40 38 J. (FH .-.S'J 
' ûa c3 

-„5 +0& 

1 

■ *»... 5 -K 5 10 (.:í IX 

40 39 ■Î.3 
(¾ 

v'ô
 -30 +20 -20 +30 8 5° 64 

«30 +30 -30 ‘K3Ü 5 

. _1 

4X 40 Ijl ,f 
C2H-3 

0 ,5 \ 0 ,Ô ß ,l 
i 

Ó 

. , __ 

43 ■ 41 T1' 
C3“t-3 

0 ,:£' '0 :5 5 ■ .,1 0 

_’ __ 

43 43 -40 +40 _ -30 +.¾. .. 5° :j?îL„ 
( p 

Cv K -20 +30 „30 +30 12 6° 
• 

2-Î-3 
0 ,5 0 ,i\ Z ï 

43 ! 43 ..X »•«-»à. -ob ' S" o 5 ~„!3 <~-X\ 10 • „1 ■ ' il 

43 
—''-vt 

-20 -¡-30 -20 +80 8 5° 62 

ÒE -îüO +30 -30 +30 6 X0° 

44 46 ïï» 
2-i-i? 

0 .5 0 ,5 5 /1 6 

45 47 % -30 +30 -30 +30 6 10° XSG 

C‘C „20 +40 -4 +20 S 4° ' 

cSî? 0 60 0 413 3 . X5° 

(Gcmtiuvaec1.) 
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Equation Pf.mctî.on Variablo 
Btu),ge 

üôlai:- “ETmCïir 

-40 *40 MO -:-4.0 

Intervals 

r 
CÍA, =30 *30 =30 -1-30 

-30 -K» 

ï»cr®m®p.t® Point t: 
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B-ilöOOÜ^Ö' U Br-SQÔO; 
A=snoo2»e- 

ëùmtbî. 
A-PSOOS-G- 
A-SßOOß-G-a 
A-iÖ0p7-ß_ 

B-S8009».» 
Á-3010-G __ 
BlssÖll-ß^l 
Ä»GÖ013-Ö 

A-3Ö006-^1 

B-SBOOS-G 

B”3Ö0lI-=ß: 

AT3S0S^ß i;o A^aS04S . q 
X=38046~S" A.*.S8048»6-3. 
¿U 33047-4 A»-SR047»ß-»3. 

B.-f58048-ß 
&-S604ví.=& 
A- SiBOöO^G 
A-^SOOSl^e- feo .^SSQæ-O 
A-£6053= G' 
A4'S054=.G 
B=sa055=G 
B 4‘j!:!CjbS=ö' 
Bel et, ori 
A-3805?-.<S to A*380S8-»ff 

à-38060=0 A=£B060=>G-1 
B»>306l»S- 
iToiated •rassCT 

A-3006»*» 
A-38064-=6 PijlÆvfcgü, 

Pôleted 
A-38065=0 

A~SÇ<Q6.S~&4 A-38036=.-0 
B'.slsted 
A-= 38067-6-1 
Balat.©d 
Boiatcl 
•Oolsted 
Bolateâ 
Deleted 
Deleted 
Deleted 
A,4$Ö63-=G- 

A-3S060=a 
B“33Ö70-S' 
A^se-071-a- 
S-330?,1-& 
A=33073=S 

A=4'3074=G- 
Zv4S0?5=® 
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Ho Cp® rat ion God® V..10 3CB. 

ïho prograjaalng vas carried out under the assueipfcioKi of a computer 
capable of performing tho operationa listed in the table Wiov . 3?ho ardor 
used is a binary number eoneiating of 4 partas 

3) A 

She "DM section contains the cod® for the desired operation. The 
A,B,, G sections aro usually register numbers but my be used for other pur- 
poses^ Where the latter alone is given, it means the nuiaber of the register* 
When parentheses are given around the letter, it means the number ©r .order 
stored in ''-hat rogioter» 1'ho machine is praauæôd to us© binary code but all 
orders were yritten aa docimal numbers for convenlenco » 

it is further assumed, that 0000 in the ¢3 position stand® for use of 
the accumulator in the computen' and means t« retain the result and add it 
to the next result« The negative multiple at. ion and addition order c are given 
to provide for accumulation of products or suras with varying sign. 

%o first 3 operations provide the bade arithmetical proce oses« 
The next 5 are largely for purposes of convonienco while the last 2 allow 
the machino to perform alternate cerise of operations., to look up information 
in tableh and to perform ot.h©x’ more complicated processes,. 

Basic 

Godo Symbol 

ß 
vx 

Operation 

addition 
subtraction 
multiplication 

Manning 

U) 
(a) 

ÍB) = (C) 
(B) ■■=> (G) 
(,ii) => (G) 

Co/ivenient n 
¢3 
f; 

f 

negative multiply 
negative addition 
transfer 

shift poaltiv© 
shift negative 

(A) X (B) -(G) 
(A) - (13) .X ..(C) 

U) B (A-fl) tc 

Put (A) - 
Put (A) % 2 

X 2"' in p' i; 
”c in 3 

P sub-program Take next order from A 
continue ia thie sequence 
for B tiras is, then return 
te C . 

jomparo If (a) «. (B.) täte next 
order from Q 
If (a)(B) ooiiti.vnio in 
previous sequence - 
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Code Symbol Operation Hseniag 

t Implicit Program ïranafor digits from (.4-) te (S) f Hi).© 
(extraction order) first part of 0 dstormiaoa {starting 

place in (a) ,. the second part the 
starting plao© in (B)c the third part 
the miEtber of digita to bo trfias- 
ferrod ^ 

i'urthor Assumption.¡3 

1„ Storage = 

It is assumed that any word may be removed from otorag© at any 
time«. It is not necessary to order erasing* £hlo leads te such requirements 
as taking 2 numbers from HSÏ and storing the result on a 3rd line of the same 
tube o This would require 4 sweeps of the tube Including erasing* Since there 
are only 2 word lengths per operation^ this cannot keep tip. 

Be Negative numbers may bo handled.- It is not nsceacary to oay 
how but it will probably b@ by th© uae of complements» 

3» Division, square rooting, generation of logarithms, trigonometric 
functions, etc*, will not bo built in but will b© prograKimecl. nfling iterative 
processas, atorad tables or series* 

III* A sample 

An example using this code was given* Sh© example chosen was) linear 
interpolation in 1 variable - an operation of frequaat occurrence in the ASOA 
problem* The example is written for interpolation in fg Ö®) although tbs 
sample curve shown boars little resemblance to the actual function* 
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ss.-t 

1746 

0 

«TE K •j-'i’llth 1746 

1747 

1 

1747 

1746 

2 

1748 

1749 

3 

1749 

1750 

1750 

1?51 

5 

1751 

i'uact ion-, 

Th© followlag iaformatioa is ais© sWrsd: 

Hatio ',3 stored la register 1753 
Starting jsglater Ho- otored la regv 1753 

Is stewed in regioter 7801 
She sud-p'/ogram is stored in reg-. 901ff 
ïhs parti),1 resalta may be stored in ''7848 

Eh) je reglet,ora are 17894 
acjj isally empty 17095 

or (.7896 

This information la sufficient 'for performing Interpolation in the 
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liba prev 

Order Ho 

0228 

0229 

0230 

0231 

0901 

090:2 

0903 

0904 

■‘age ö of ? png©a 

A program waa then i,Titten £&r this interpolât'.oa a» an exerapl® using 
lonely me at ion® d oodo» 'ih© fol.lovi.ng fora was njsod.t 

D 0 

m ?801 1752 ?848 

7843 1733 7894 

p 0901 0005 0321 

t 7894 7848 0001 

1 7894 0902 1204 

t biaiD.K 7655 0002 

First normalising step Multiplies by ratio 
stared in 1752 (in this oaso ) rO 

Second normalising step Add sere roglatar 
position... (.Register nunber holding the value 
of the function for which the argument is 
sero ™ here 1746) Hesu'l't is in register 7894, 

Sub-program order « This order ip. not necessary 
for the Interpolation, but allawe using s 
single set of sub-program Interpolation, orders 
for a number of different Interpolations« Slut- 
order saya t® take the neat 5 orders from th& 
ye quenco beginning wltJ'i 0901 and then to 
return to order Mo.. 0231. 

This order transfers the result of the inter¬ 
polation from regieter 7394 to register 7848 
so that 7894 my be available for other In- 
terpol-atlORSo 

Shis lo the first order in the oub-pregraBu 
1’h© de airad register position holding the valu® 
•of" function at the bmginning of the Interval 
in question has been computad and lio a in regis¬ 
ter 7834.. ï he first 4 digits (the register num¬ 
ber) are transferred, t® the A section of erd«- 
0302 by this ordere digits regaining in 
7894 are the increment in tfc© argument. 

She uiauk has been filled with the desired 
register number by the previous order. Sh» 
valuó oí: the function :1k this and tha next 
register are her® transferred to registers 
7895 and 7896, 

f 7696 7B3s 7696 

n 7896 7894 7896 

She first difference is taken and stored in 
7896 sine® the seeend value of tha function 
ia no longer needocu 

She difiéranos 1« multiplied by the increment 
in T,la© argument.. She resulting increment in 
the function is stored in 7896 oluoe the first, 
difference ia no lunger needed. 
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Order Mo0 D A B G 

0905 a 7896 7895 7894 Th© incrément in Uie function in added to -.h« 
valus of the function at the beginning of til® 
intervals The result iß stored in 7894.: The 
program control now returns tc the main program 
where the result may ha used immediately or 
transferred to some. other storage register . 

It will be noted that the aub-progra» will war Is for any function* The 
choice of the function and variable is up to the main program« The sub-prograt* 
need bn written only one® and can be need at any tima by inserting an order 
auch Rn No i-. 0350 in the main program« 

The following table shows the number of orders required for each typo 
of interpolation« The table does not include an operation for transferring the. 
result : 

No .> of 
Variables 

1 
2 
3 
4 

Main Program Sub-program 
Orders Orders 

3 
9 

15 
23 

13 
29 
61 

Total No. of Times Interpolation 
Operations Performed in ASGA Solution 

9 2? 
24 23 
4G ? 
92 3 

The ASGA solution was carried out using this code and required the 
following numbers of operations; 

Total 
Main Program 
Sub-Prograia 

Por the Interpolations 
I'o.r all other operations 

1702 
841 
861 

1327 
3?5 

The number of operations ef each kind wore; 

Multiplioations 
Ne g» ¿Suit « 
Additions 
Subtractions 
Transfera 
Subprograms 
Shift 
Cowparioona 
Implicit Orders 

¡a 
n 
a 
e 
A. 
I» 

P 
(2 

e 
:1 

492 
18 

393 
192 
332 

68 
83 

9 
116' 
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î-'ho '»Ima r<3quir©d for a b •£ lût i ok-, of tho pi'ç’bl-'sB f' r difiere sat aya terns 
ara given below.- 'üheoe timas are for ^tb.® aircraft a,nd bingo aoment oquations 
and afooulcl probably ta Incraasoá about 10¾ foi1 a completo so. ¿ition. 

For a seria), coroputor 
allowing 100 ias par operation 170,000 fa.® 

6 B'slut ou® per asoond 

For a serial computer with 
built ’in high apead interpolation 40,000 ua 

20 30la ions per sec;anil 

For a parallel computer 
allowing 100 [ua for snult 

10 ¡ua for others 63,000 ju 3 
16 sol tioiie per second 

For a higher speed parallel computer 
allowing 40 pa for mult,-, 

10 ug for others 

Mention was mad© of a study of scale fe now being carried out by 
Mr« Fahnestock, 

FJ&-Í-KP 
al© 

si^ÉÉtaiâíâÉiÈiáiÂ 
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I';igö 1 es ¿ vegíííi- 

U has besa soggestod that, tiw mUMMim % computor Riight 1)0 
used to solve a portion of the Aircraft Stability aad Ooatrol Mailer 
prohla® described in the rofereaced reports« WHXBJjVHHD ï -vdil âiífor from 
the final Computer primarily lu the reduced amomit of storage avcáJ.ábj.e 
data daecrlhlng the aircraft, for the program to he used in solving its 
equations of motion, and la the amhor of digits oarrlad^ia^ the computation.-. 
The latter does not appear to "bo a serious limitatioEo ic. is proposed^ c,o 
restrict th© solution to córtala parto of the aircraft motion but not be 
compromise the accuracy of that part of the solution which is oo^nbed except 
as to th* lesser amher of digita mentioned above« Such une ox VmMííWUa^ x ^ 
will sorve to demonstrate tho suitability of th© final contputor^.ß^ a mens oí 
oolviag in real time for the motion and feel of an aircraft by digitöl 
ooaroutãtion based on Wind Tunnel data« It will be possible to study th© 
affect of varying length of coa^utatioa interval both on accuracy of eolutloa 
and pilotas illuaioa of real!can« 

It win h© assumed that the angles of roll ¿»cl yaw will ba hop'; 
aero at all times as they might by an automatic pilot« 5, solution will be 
obtained for tho longitudinal motion including pertinent Instrument readings, 
and elevator hinge moments will h© fad back to the control column.« ïa^c^of* 
and leading will not bo handled; stall will be indicated by ^propriété in- 
atro-aeat readings sad control forces« There are tixr®® po gs’abi.j.a lj.qij ioi.- 
treat'lag; tlepa, one of which will he chosen after a dotermismtdon of the actuel 
amount of storage to he Incorporated in WW-Ii 

a) jileas el,ways retracted 

h) Kuos either up or down to a predetermined 
angle 

c) flaps up or down to a predetarmiaecl angle< 
with a gffaooth(hut numeric si ly noaninglose) 
chango of trim between the two positions« 

Vii.th tho storage capacity contemplated for W--1, (a) Ciin ^ortaialy bo henclec. 
sj'ad it iß likely that the solution can be ac ©logout an (oh 

Oomplat© restrictive a»f«unptlona made In the ahoyo est/JRate 



Memorandum Hoc M-«65 

¿»elude the followiag? 

Mo'blcm llmitod fft XZ ï>XpÆse 

Slap potäXUott» limited to 3c 

Masa and center of gravity i'ixacu 

Maslawm altit'ad® limitad to X0B000 feet* 

Effect of Mach mmber omitted 

Landing, gear up|. oowl flaps snd 'hmfo doono cioa©d 

Single waEft^archarged englnfêc . 

nstod pitch propellerc 

Propeller rotation ©flsctiö oBiî.ttoâ.»> 

Stractarei doflsction terms omit code 

H« ff&tosstoote 

EPîhaffi 

Cee» Prof., J» O» Hottööfcer 
Pro it, Jo He Markham 
Prof,> Jo Bicknell 
Bi’e Gc 50 Brow 
Profe 0» 0. Koppan 
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feddiisdis Sons Psychiatric Observations on Cockpit Pe oiga 

PrariareA hyt ilicluaoad Holder, M. .U. , 

References "factors in the Design of Air Traatrpart, Pianos11 by 
.Robb Mab’arlaaö., aud peroonal observations and 
conversations with pilots» 

Ocaanonts by, 
Hk. gorreaters Attached is an outline'prepared by Dr -> Holder of 

the Maßsacbnaettü General Hospital on factors 
affecting cockpit design» Dr-, Holder .ftas not 
attempted to write a completed report but to 
Kierely indicate certain factors which will .need 
to be studied and discussed at a later data» 
Shay act as à preliminary guide to the formula- 
tion of a research program in cockpit design» 

OOHSDHi’ñ . - 

1 IHU-VDii. Rjb'd'lNG Uf 111.01' 

1.3. CUifíHOl US’ OOOJUJÏT ÏKl-iPDHAl'UHKS ÁfW ^jMïlJU&ïlOH 

.UI 'i'ïïis, PSYOHlAmiU ASfJiCTS 01’ NOiÜJt m AlkCID« 

XV GOGlOiVi' COHSEÜh jMUihlJa.lH-iDHÏ 

V P8Ï0HÏAÏBÏ0 ASKüOSS ÜF SXÎlüM/fUIi 
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Seating fflust be aaaljTKed.from two points of view.; 
* 

a» ïha 0uî)jectiv8 comfort, of the pilot 
b» ïhe physlologleiJL affects on the pilot 

She sa 1¾¾ viewpoint, a are not nscoBnarily interdependent » What 
is sableetlvely comfortable for eme hour may b® very uncomfortable 
for ten honra ». Xt also mey be very detrimentaX to the pilot from 
the physiological viewpoint. Ko illustrate, Dr» M, M» Smith-Pet er sen 
of the M» G-„ H,, an experienced orthopedic surgeon, has found that 
moot pilot seats place the apiño in a very 'vulnerable position« Over 
a long period such a position enhances the risk of sustaining .minimal, 
fracture« which will ultimately lead to disabling symptoms» 

Khe pilots often feel that the seats are improperly built for 
what the piloto have to do, J. from a í\moticm&X Btandpoint« Khsy 
also feel that certain features might profitably be added such ao 
arm rests and more ad,j‘antability of each seat to suit the pex>aon using 
it» 

2- Göjd&MüLma 

Since pilot fatigue (both sub.ieotJ.ve and. phyoiolcgicalj is vary 
closely related to proper seat design end since In the long run there 
is danger of permanently Injuring the pilots by Improper seating* It 
would oeem'highly desirable, to have orthopedic consultants working on 
the problem along with psychiatrists. In particular avoidance of a 
seat promoting flexion of the dorsal and lumbar opine and extension 
of th« cervical spine la to be do sired« S’rom the subjective point of 
view the pilot-mat bo able to change position often which., of course* 
has a very beneficial physiological effect, &» veil by promoting cir¬ 
culatory changes, and avoiding poor tissue oxygenation. As a corollary 
to this many pilots feel that one of the moot important part« of an 
aeroplane * b flight characteristic s is an ability to stay on trim so 
that they can. stnotch their logo without fear of accident.. 

With mor© and more equipment being added to the pilot's parachute 
such an life rafts, etc», it become» especially important to take 
such apparatus into account when designing the seat, . Xa one current 
model the back pack i® no bulky that it. poshes the pilot forward in 
hie. scat« It not only make a him extremely uncomfortable but also make a 
it inconvenient to operate the controls« Such arrangements must bo 
avoided. 
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Ths psychological and physiological consldoratlonu of veatilatloa 
are highly important whan it la realised that much flying is bow being 
don© in extremeo of tamperatui’o at high altitudoH, where the oxygen 
content of the air is greatly lowered. Be alelo a this the presence of 
carbon monoxide in. the cockpit (the most important aotree óf which 1« 
from the eadbatnat gasea) must he carefully controlled. ït can produce 
ajiTt'-ptoms ranging from mild headaches to complete loss of con sc soucias as 
end coma with intermittent convulsione 

To talcs up the ventilation itaelf fir«t, it is a wall known 
paychi&tric observation that if two rooms have sir at. the same tem¬ 
perature and purity, but with the air moving in one and still in the 
other, the room with the moving air »ay feel bracing and stimulating . 
while the other is subjactively ologe and oppressive.. Besides this 
body warmth itself is in tor« related with ventilation. This would seem 
to ho all obliviated by the fact that, pilots wear heated nuits and 
have heaters in their planeo hut all too often the latter two devices 
get out of order. This is a common complaint -from many pilots. 

only 
Aa far ara the GO is concerned’ its sourceo which inclxide not 

(a) the exhaust gas from the engine leaking into the 
cockpit duo to the fact that the air inside the 
cockpit is often at a lower pres cure than the air 
outside — hut aiao 

(b) heating unite inside the cabin and 
Co) heat exchangers -- 

rauat all be carefully controlled « 

2» ââ&?JüiLÍâ&jL_ 

Aa movement of air, proper oxygen contents proper carbon 
monoxide control, humidity, and temperature.ail have an important 
offset on not only the nib,)activo comfort of the pilot hut also hia 
psychological and motor efficiency, these Items should bo considered 
in detail in the design of the cockpit and aeroplane as a whole». 
Such things as a ¡¡nnl«directed stream of air may not only be extremely 
annoying hut also detrimental physiologically a« in the Hart in M-Î30 
where the hot air blown into the cockpit tended to dry the conjunctival 
sacroiion.s», of the aye and re cuitad in'very irritated eyelids. 

S, J 
'Vi*' 

1 
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i'lany stttdloe have been isade of t,hs effect of. sound on human 
perfo..nuanco and subjective feelfn®;»,, especially by the Harvard Psycho- 
d-couatical Lab» Although it v/ac.found that noise levelo had.a vary alight 
offset (detriisental) upon fane tioas luvolying motor eoordlnation» 
reaction time» sonsory perceptions, and certain suintai functions* never- 
thsleoa high levels of noise produced definite subjective feelings of 
fatigue and irritability -upon the pilot,. This vas in, reference to 
engine noise and other externally caused no lees buck as aerodynasnio and. 
ventilating noise and secondary sources of noise arising'from vibration 
within the cockpit» However, many pilots complain of radiostatic noise 
aß being Infinitely worse than the previously mentioned sourceß« i’3ie 
uneRootedness of noise coming from the radio vas said to be especially 
annoying» 

. \ 

%■> ÆfîaslasÂsM 

Control of noise by stoppage of sound leaks .{which tend to offset 
the value of elaborate acoustical troatment, by filtering out the noise 
irojn ventilating and. heating systems before admitting air to the cabin, 
and similar procedures would moat probably prove profitable in the long 
run by diminishing fatigue and augmenting mental performance « I’aychO" 
logical tests at present do not seem to be sensitive enough to prove 
the latter point but considerable evidence supports It*. 
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Cockpit controla from the pcdat ci' v:.ev of tho pilot have mvt 
rii av'í>ftCi:..Ui XliSH*} Invoiu'o euc;h ge»®rßjl prlnciplsö ao pXacing Imoortaat 
»wergonoy controlo on tha right aide of the cockpit víhorc t.¿3y will 
iî-îivs te bo operated with the left hand Ian tvwkivard and a 1 ^«donadaki^ 
man©aver xn a BiiXíatxo.n. wîisre dexterity and speed as'o é'-Bgentlal) and 
ht.i\ ßonbroxs c\ ono ¿.¡.¡.’onp int-vj xnii lx oil. v/i tii thono of arxotiiGi? 5,., ^ ,,, 
t.h.e hydraulic pun?p handle of the 'i'IiK-s is nixed in -,-1 th the r«dio 
coatrols and very difficult to get at), i’hio problem alr-o involvos 
apec-vA ac operationai worrleo of the pilot which Been) to t$ conaaon to 
sïfiB.,''; iilrfiten. lo lliuctrnte this point, on.» of the ;nost conotantly 
observed indicators in & plans :U the fuel tank gauge* Ifee pilots 
subconsciously are compiled to be constimtly recWfclns; the* a mo nut 
of fuel un* since, very often these gauges are located 1» an- lacón- 
vsn.ixsnt plac©> fci's jpllo •• ■' s a** tontlon is distracted from ,f3.yiug and l.e 
le constantly coligad to shift hi« attention avay from tho flight 
controls» Jilaally »ame controls ara pieced In such a position aß to 
actually Interfere with flying, 1,8», in one of the earlier ÏÏBM*1« 'the 
auxi -.iary coistpass was placed overhead which mãp flying in %'m mmber 
4 Spot of a V-formation extremely difficult« 

lho previous observations are all on the negative t- ide, but 
there la also the positiva side to be coueidered. ’ Shin would include 
such things as having the entire cockpit layout standardisai into main 
Control groupa, each one .in the sake relative position in all plans a 
afta each on© with an identifying color.- 3&ds4haa tho obvious advantage 
ji enabling pilots to ua®- different craft interchangeably and also.of 
avoiding costly errors in actual operation by either handling of the 
wren,;; controls or wasting timo locating tbs right ones, '¿.hora have 
been mawy accidenta involving u&inteation&l operation of a?j|»t:cb.oa ©y. 
controls at vital momenta, :1,-8.., originally there was no guard on the- 
Biacter ignition switch of the -Ü-3X4« During one flight o:ao of th® 
cray members apparently jarrmA this, switch off accidontally-. All "fouï* 
engines cu the piano ctopped in the middle óif a transoceanic: flight 
whxl© cruising at 8000 feet and- th<:. p.taa8 lost over 2000 faot of 
tuds o©loro th© difficiu.ty was diac-ovsred« 1 

2° .(igaoluslonq » 

**Ar,°® »2.1 of th® ai o.rasiímtinned things are very d.i -itracting to 
-the pilot and promote fatigue,; it v'ould bs&u worthwhile to incorporate 
eciae of th© following general suggestions into cockpit layout,, “ "v 

, a» Us© of Simpo -- spacü’io shapes for specific controls, 
possibly related to the actual use (:1..-0,-, a round 
wheel for th© lauding ,seai‘ control) Õ 

b» Use of color - thlo ban long beon usad for ^pacific 
conwois but it might 3.30:31 valuiahlc to t.v\¡Xy it to 

:U 
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,^ß. 

ai-í'iirs groupe ox coi-i; :,1-. {3.,,0,, bouiu'-in^- c ich a 
of æjUvüsa* cent,;,? o Ir; by a (¡olor approp;:; So 
group • !,Qi3î3©: might 'an doai« ia ’fluoréficsat ) 

o« Usa oí Group lag - plaoiag all cuntrola oí oue group 
{moh ae thoo'© iac'àruKi9,f>.t,í} ueod for i'.lying proper) 
in on© artm. 

d, Placing the most frequently otooerved InatinMRttnta in th© 
moat acoesaible places with due regard to all the 
abové iEsnt4«aad factors„ This co'old be dot-smined 
by careful cheeking with a large group of pilote, 

e, ' Protection of controls against inadvertent une by 
■ either counter sinking important 0 witches 00 that 

they can not be thrown accidentally or putting 
• guards requiring conscious effort over them,. 

I 
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V Î’SICHÏATEÏÎÏ á^íi¡0'.e8 O.!:' gi;!f:j.um 

i.. a0^a.lLJis£sa5..-¿'iAí;:íi¿ 

•a. P y a using in fxilX oqilipison't ;axc ludir^; flying 'twit a-«.ô. 
parachute and Safety aqulpiaimt* lie o-, Ilfí, aadi* ötc?) 

be Standard cosmiwmt.b pra-íligàt (preferably a miniiauK. of 
- rescfirks) 

S. ^QpeT^£M^RUQa...of...JM.JlKl^^a 

An I’ho approaohSQ (profera,bly vrith cc.«roleto aa,gkin,g of 
all machinery and control rooms) 

b.. Outside flight conditions (-these an© isrportaut henauce 
of their nsycbological effects on the pilot, and the is* 
action on the inside of the c.octepit - io©«.» as In the M,=-l.hO 
whore hot dry air irritated the pilafs eye a) 

i, heather s thuudor, lightulng 
U, Speed of air,, hail,) etc* 

All these things will produce an effect oil inside conditions 
of the cockpit :1.,0,t ventilation, vibration, noise, tojnperatw®1* 
aud oxygon supply with espacial regard for such factors as to 
whether super-charging is he lag used.. 

3» a.jgld control .and,.con, 

a. Standard fora of questionnaire re flight, specifications. 

o» Standard form for subjective responses to flight ohar&cteï 
J.i3tics of the plane» 

Ce After the above two are cosspleted, the pilot may m 
questioned ad lib-, 

4, hpM=¡GúMé^s&L^MiSi.aiia- 

a. It is imperative for both psychological and physiological 
reasons that the pilot stay in the elanilator for times 
cOBçáráble with those mat in actual operations: The ms 
are not only important separately but also a« ix'taracting 
factors, l,®,,. long continued sitting with its physiological 
discomfort has a decided effect on the nentaj- outioofe ox txu- 
pilot. 

a„ It would seem important for each pilot to be held to cilono- 
about the teat lag bo that there may ao a mlnimuia ox ru 
conceived ideas in 'each subsequent tester« 

«1 

MMMÍiüMi 



-...- . . . ' • ' ■ m 

f.uRçjlfttô s1í&Béíi:cíU 2ãt % on- as to tima, fo:m and ji:ro-:ied:ii.o ia 
yuali V/Got, run met fca lí-arafull.y Kaint&i aaft 0.-35-¾% raii-ii' 

oí results- 

Wr 1 tten tiy, 
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Bï'awingsî 

1-37501 
TU 37504 
B*37503 
1,-37502 

onneo'j r»n" During the period February 1 to March le .3.946,; KetaooJ 
of mowatiag and'actuatiag the A30A cockpit were iavesUgated. ^ 
various methods disousaed,. only throe seem to wexrsav mcaciou in Uxa 
.report,. Tho comparative merits and dlefidvcatages of terse thra© msthoui. 

will ba reviewedo 

A) « 1 . Mounting .Goo.fcpAlJÆ^iL^Ia^^QP^XJ^3iy;^^ 

I'Mo method aeeroed feasible tmtil it was CLOtermlned *!ue-, 
mounting the ooolcpit in such a manner resulted In .undesirable physical-. 
©ffacts on tho pilot., . In order to duplicate the senaavxons expeiieno^d 
la /Yaw or elds slip,, it was proposed to roll the cockpit about an ax.,i. 
below the pilot, provided this wight bo dona by some meokanical^saa?), ^ 
fid a method of mounting immediately proved uaaatisfaotory xrom one a.aau 
„oinb of »feel«- ’30 simulate a sideslip to the right* the cockpit mu»t 
be initially rolled to the right tending t<, throw the pitot to toe xe..t 
with respect to the seat. However, if the cockpit 1« sto^eu at^somo ^ 
0©Fra© of this right bank,, the pilot has a tendency to .••all ou<- ha* 
SS'of this seat which is the opposite to the deeired. effect, To avoxd 
auch complications it is necessary to mount the cockpit from come point 
above tho cockpit,, bhoa mounted to move about an a:ds_abovo th* pUo<;, 
rolling of th® cockpit will always result in the lotendad fool ., 

£:■ - 
duspeaiflion of qo.cjmil^om 

ït "¡tas proposed to Euspend the cockpit on a .13'' diameter? 
stssl tube (See ' 1AHS15«»!? ) mounted in girabais bo me 3 feat aboyo the cock- 
•nit And the force loading mechanism an a counter balaacelaeauining 
thorn both to weigh 3000 lbs, 3, boada from tho force lording pis tona woo 
bo ts'»wi;;i8d by a mochsnical linkogo., through tho canter of the main 
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utaol impj»orti.ß6 tubo, to tha r*?.lot * o controla.. 

pi L0T '5 

COM'ÍT^OL 
COLUfvlN 

-I 
£02-7 

'.FORCE 
LOAD! NG 

PiSTON 

Klevfttor Control System - Figure 1 

5.a order to do this*, it was necessary to employ Ion,«, llijht«- 
weight tubes through the steel tube,. To avoid failure in coa^rosaiov. 
end at the same tira© keep the weight of this portion oí the liakags 
(thereby the inertia forces imparted to the pilot's controls) at 11 
minimum, it wa®. decided to use dural tubing of large diameter and small ^ 
wail thickness (3..5" diameter, ..093'’ wall thickness). In a layout of 
thie cockpit mount! ng( Drawing L«37501) oho wing maximum pitch and roll 
angles of 30', it was determined that tha length of tm .control coluton' 
tnbae would bo approximately 33. fest. Circulations(X.JE$10)f showed that 
nitor keeping the weight and Rise of the tubes at a dig si red minima,, 
they became critical In compression et 16 fest. 

AÍ.»,. -ItóiaSi.JitJâijRg.it. 

A chain drive wa® investigated for control farces, but the 
diameter oí the sheave® makes it necessary to raise th@ floor level of 
t.h© force loading equipment (Drawing 1-37503) to allow free rotation of 
tha ehe ave.. Assuming & 30'' àlamoïer sheave, it would, be necessary to 
rai'.i® the force loading piston epproximately 4”, Oon ci daring the fact 
that such a system would require feeding the chain into the tub© over e 

Chain Drive from Force Loading Pi et on .« .Vigoro 3 

?mW’ 



8 345 
Reporîi let., ï'-)..C<0 

gjiit.ll nulley eapoorbiîd ou ¡;h© upper and lover ©dger, of tj\a mala su-| -p< 
tube and that the angle® that the chain makeo vith this pulley &pp:-:*KO 
90 dacrro'Sß, it can be osen that this small pulley cud its shaft nrc.n 
ob^öctlaaably high loads., The sa ?-osãs Would probably be in. the 
7000 lbs> depending on the àiaîRotar of the oheawK, 

Another objection to such a system is of course the lag or bac 
lash which might ba reasohably aspected, 

4„ Sugponsioa of the Cockpit from above,_üi'orce lo adi ng .lg- : ipraent 
Mouatod in aide Cockpit,.. 

A system was investigated where the force loading equipment 
was to bs mounted inside the rear portion of the cockpit and oo.'.tnected 
directly to the pilot'1 a controla.. However* under auch condi tio f xa, it 
is rsaaonable to assume that the operating noie© of the force leading 
oottiprjient might he heard over the simulated engine noise and prove 
highly disconcerting to the pilot,. Xt is also considered desirably to 
be able to interchange cockpits. If the force loading «oulpmont were 
placed in the cockpit* it would ho necessary to construct ‘a separate 
set fox1 each cockpits These reasons aeom to be auffieient to omit any 
further discussion of such a system.. 

or .yv of 

J5,_ 

The best method of mounting seems to be as shown in Drawing 
L-37501¾ It was decided. to reduce the pitching angle to 30 dograe.g, 
move the supporting gimbals up to the level of the ceiling, shorten the 
original length of the cockpit„ and change the shape of the rear of the 
cockpit to allow full ± 30°pitch„ (Drawing 1)-37504).. By so doing, i': 
reduces the length of the main supporting column* the total moment of 
Inertia oí the system, and the dimensions of the hols in the ceiling 
where tha gimbals are to he mounted., Xt was determined by raeaauren-.ent 
from the layout (Drawing B«37504) * that the length of tho vertical con¬ 
trol tubes could now he reduced to 14 fast which puts thorn wall within 
the critical length of such a system- At the present time this seems 
to b® tha most desirable method of mounting. 

All calculations on this work were with estimated weight-u* 
center of gravity positions and angular accelerations,. 
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Th® mo3¾ satisfactory maan» of pitching cad rcLXing the cock¬ 
pit seems So 1)8 through tho use of hydraulic pistons as the fajrdrauHc 
system is best suited to the typo of servo control to ge used in this 
caso, Galculatioae show ths.t only tvo pistons will be reo ass ary for rao.h 
pla.ua of motloni one for pitch, and on© for rollllJBSS1?'}» The pistons 
.may be mounted from the floor and at tech ad to the main supporting tube 
by universal Joints and a yoko as shown in. Drawing B-=o7Ki3. 

Vertical motion of tho cockpit has bean investigated eon- 
slttorlng + 6 lachos as being sufficient motion to l.nparc “ f3el'! of am:: 11. 
normal forças to the pilot., buch a motion may b« rep re sen ted throxîgh the 
use of 4 hydraulic pistons mounted as shown in Drawing 1-37503,, Tha nuil.a 
supporting tubo now slides on roller bearings inside a short collar which 
ie mountod on the gimbals.- Calculations show that the only value of such 
.¾ vortical sao tio», might be in. exinulating ©xtremoly short period vibration •• 
or normal accelerstioas(lJBS23«ÍJ3), The practicality of vertical motion 
mint be investigated further,, It in considered impoaslbl® to dupliciita 
condition» of even midly rough air or the effects of buf feting :la a stall 
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without unreasonable amounts of vortical displacemeat•. It xs un*“ 
determinad as to how small a normal acceleration may be felt by a 

pilot.. 

JBöghas 
March 18c 1946 
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D lustrât/can - 

C- 3055? 

Referencef R-99» Design of the Mechanical System for Transmitting Contr/l 

Forças from Loading Equipment to Cockpit Controls toy 

Alvin H-. Shairmnn 
R-100,Method of Cockpit Mounting and Actuating Mechanism toy 

Ja was B-.> Swett 
Memo,, from H Fahnestock to Jay W.. Forrester dated 13/19/45, 

t!Proposed Simulation of Aircraft Accelerations in ASCA" 

.Date. fey 9t 194? 

0ns of the mtijor objectiv-. 

and abseriated equipment is the study 

aircraft ■■ The study of aircraft st-ato 

of simulation since tha objective is 

the performance of an airplane which 

simulation will he accompli sited toy us 

dating the response of an airplane toa 

in a simulated airplane cockpit, T'hi 

other equipment • f Project Whirlwind 

os of the Project Whirlvdnd computer 

of stability and control in large 

llity and control is essentially one 

to permit a test pilot to evaluate 

has not yet boon constructed.. This 

ing the electronic computer for calou- 

gad on inputs received from the controle 

g. cockpit is shown in relation to the 

in drawing Mo 0-30557, 

In operation the pilot flies the airplane using equipment in the 

cockpit just as he would fly a real aircraft., He moves the various controls 

available in the aircraft cockpit and in response to the motion of these 

controls« the electronic, computer calculates what, the aircraft under study 

should do. This information from tha computer is converted into iaetrnmont 

readings which tha pilot can observe and into signale to the control force, 

loading equipment which will provide to the pilot proper feel on the air¬ 

craft elevator,, aileron and rudt.ur controls'«. At the same time,, signals vrill 

be saut from the electronic computer to tilting mechanisms -for providing 

motion, to the aircraft cockpit. This motion will not toe that of the real 

airplane in space tout instead will bo the motion necessary to provide in 

the cockpit a feel of the proper direction of acceleration. Fur examplev 

a properly banked turn, will result in no motion of the cockpit while on the 
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other hand,; yaw,, «ide- slip and. other accelerations will, result in lilting 

of the cocfcoU to provide the proper direction of total accolerai; .or. U 
will, of course, be • impossible to alter, except fox transient changes,, the 

magnitude of acceleration força on the pilot since this force will'be' 
limited to the pull of gravity. 

equipment unique to the aircraft analyser cockpit phases of 
Project Whirlwind can be considered in five divisions, 

i.- Structure 

2- instrument b 

3.: Control Force Loading Kauipmcnt 

4 Cockpit Tilting Equipment 

5, Digital Conversion iïquipmenfc 

O’he above phaseb of the program will be considered individually,- 

1, Structure 

Under Structure we will include not only the cockpit frame and body 

itself but also the supporting mechanism within which the cockpit is to he 

til toe,.. Th© cockpit shall have a normal interior and arran«;©)1¾nt for a 

large aircraft, It shall '00 usable as either a two or feur-englue design,. 

In size and arrangement it shall be suitable for a pilot and r co-pilot xn 

the operating positions and for three observara where they jcay ace the 

2light instrumente» Considerable attention raust be given to producing 
realism and the cockpit shall bo complete with noise and vibration gensr 

atora responsive to the engine controls* Sadio headphones will connect to 

an intercommunication system available, at other parts ox the Whirlwind 
co arpat ar, 

Pickoff devices must t>© ïnstalled on all mechanical controls for con-* 

ves sion o./. mechanical positions into signais for tha electronic computer.. 

ïhs cockjjit should not ’.f- arranged as any existing airplanet. yot should 

follow the Army»ife.vy rjtanaardization plans fox1 aircraft cockpit interior¡5, 

Included in coclîpit phases of the program will be decisions on instrument, 

arrangement«, proper mounting of the cockpit including a study of the proper 

center of rotation about which the cockpit should be tilted .to give best 

aj.muiavion, of accelerations - Means must d® provided for chasiging the 
cockpxif to one of different interior d© sign and arrangement 

rn the design of the cockpit,, particular attention must be given to 
reduction of elasticity in the atrae turo and the reduction of inertia and 

friction where these factors can affect- the Control Force Loading läquir-weut 

and the transmission of the»© forces to the pilot11 a controls- .Design of 
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the coc^c.M structura depends oa aoBCoiated equipoent 1» fuUov-iog W 

1., InatriucentB 

2., Control .Fores Loading 

3:, Tilting Equipment 

Digital Conversion 
Circuits 

... instruments must oe coordinated with 

ti*© ßtriictura onij in ¡matters of 
arrangsraent arid physical apace fet. 

¡uount ing > 

,. the cockpit must provide suitable 
mounting methods for the OIL eepup- 
jnent, Transsnisoion between the Oil. 
equipment and the pilot"s controlo 
must 'be done without appreciable 
elasticity,, backlash, or friction- 
OFL equipment should bo demountable. 
should be easily aocessible for 
servicing, and oil leakage from Lois 
equipment must not enter other par«s 
of tho cockpit ■ 

-, the cockpit structure depends ou the 
tilting equipment only as related to 
tbs coupling of the W". unite for 
drive purposes and in so far as Lae 
structure must be designed to witn- 
stand the forces imposed upon it by 

the tilting equipment-. 

„ aii mechanical controls in the cockpiv, 
as for oxample,, engine controla,- must 
transmit their motion to conversion, 
e quip ment suitaola for delivery o~ 
digital numbers into tne co&ttiuter 

2., Instrumente 

Both mechanical design and instrument servo design £^£) ^ci;^od' ^ 
nvJ!Ù)i,r and kind of instruments in the cockpit must be eatabl .anea - 
ZÍ; associated with the engines will,, if possible, bo 
to the engineer»s station., This station ms.,y or may not e^xst xu i«a. ^ - 
few basic types of instrument motions and corresponding servo --.r -tes 
suffice for all instruments on. the pilot’'b panel. 

Mo«t flight instruments can be simulated by a servomechanism driving an 

Äir 
several revolutions and where extrema oenaioivity ia reuuixxt.. S 
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Ijastinxiaents can probably b© s®.t.ii3fn.cv>r:ily aimulatad vlU< elsc-vrtf&a. volt¬ 

meters 

Tn. g trament design «113. depend in the following ’«¡ays on other phase a ci 

the cockpit program;-. 

1.. struct ore ■•*• laatrumenta will depend on structure 
only in que étions of npacs and 

mechanical a,r rangame a t 

2- Control i’crcs Loading « none 

none 

the digital conversion equipment will 

provide input signals to the instru¬ 

ment servos.. Tha data systems meet 

be coordinated^ 

2 Control .Force Loading System 

The Control Force Loading System is a hydraulic mech&ni&s providing the 

proper forces on the cockpit rudder? aileronf and elevator controls^ in- 

providing realism and in evaluating the behaviour of aircraft,, tho Control 

Forca Loading jSquipmant is considerably mors important and critical than the 

cockpit tilting equipment, 

.to operating mechanical breadboard of the Control Force loading Equipment 

existe at the present time• Operation of this equipment is nearly satisiactory 

Tentative layouts for a new packaged system prepared by Rider and Grafï are 

in the drafting room,. 

Additional work on the present system is necessary to improve the 
pressure regulating valves .for reduction of vibration and to reduce their 

operating force dependence on oil flow-. Some tentative valus designs have 

besn prepared but not tested* to Improved hydraulic amplifier may be da- 

sirable and measurements of servo loop gain and response should oe made cn 

this system* The electronic amplifiers and. perhaps the data, system should 

ho revised and a suitable size of main driva motor selected. 

To the equipment n.ow existing must ho added remotely coa ■»rolled elasticity 
and Coulomb friction between the pilot and the control surface• A converter 

for giving control position in binary numbers must ha provided and a strain 

gage signal made available bo the digital converter for transad salon ox the 

control column forces to the output recorder of the computer • Design of the 

Control Force Loading Equipment will depend on the, following phases of the 

program 

30 Tilting 

4... Digital Conversion 
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X- Structura {•fti0.ce most be provldsa ia th-3 coc^p.-1 
for the Control Fore a Leading Icpiípicaat. 
Control Force X>oador8 should be pacîsageci 
units readily accessihlo for servicing 
¿■nú exchange to other cockpi ■» ©■ 
ohoulA he oo arranged thet oil leafenge 
cannot reach other part.3 of ohe cochpit 
Connection between' Control Forco hooding 
Eanlpment and the control columns i» the 
cockpit, should be through pu oh rods with 
careful attention given to reduction oí 
elasticity and friction Foe proper 
operation of the CFL eauioment. ç inertia, in 
the control columna muet te held, to a 
minimum. 

none 

■ noner except for the effect that weight, 
shape and location of t>ie CFh aquipmont^ 
v,ili have on the dynamics of the cockpit 
tilting system, 

- the CFL equipment receives data ou re~ 
ctuired force and transmit s colomn 
position* The CFL mechas is» i»uat drive 
t, suitable high .sensitivity digit convertor 

4 • Tilting Ho chan. 1 am 

Design of the cockpit •mounting and design of the cockpit tilling e«piipmea., 
must be -»receded by a study of the magnitudes and directions of accole.eaticn& 
to be exroectod in large aircraft.. Results of this study wla soi epecU^ 
cations for the tilting equipment... It, will he necessary to know nac trann er • 
characteristics of accelerations to be expected as we 1., as diej.,-. sa&ximix.- 

v^Luo 8 

Design of the cockpit support and mounting will depend upen how high the 
cockpit pivot point should bo above the location of pUot and cc -pUoo, 

Sórvu design must be euch as to provide sufficient power -and approximately 
the accelerations indicated by the above study. Operation .of the servo system 
mast be smooth bur. accuracy can be low since t'Utuig o.>. the cocfcpl« io - 
vided only to increase the sensation of actual flight* TUtiag w*ll pro u 
the proper direction but of coarse not the proper magnitude o.:.. apparent 

gravity,. 

3, instruments 

3, Tilting 

4, Digit Converters 

j i 
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Tn 4«signing tbo cockpit it is dtsiraol.e to keep t)m required bui'lc'ing 
ceil log height- low, • Frost consideration of the tilting servo a j the pivot 
sbotild bo near the center of gravity of the cockpit;, hut pro0-1.01,7 froat 
consideration of the feeling produced» the pivot should be above the 
cockpit compartment-. Questions of statically balancing the cockpit as 
against, forcing the tilting nerve fca work against cockpit unbalance mat 
be considered 

Mounting of the cockpit might be by cable axiapefusion from ar overhead 
X-framei by support on hydraulic cylinders;, or by attachment to a pivoted 
column.- The tilting equipment will depend on. 

for inertia,- unbalanced forces,, 
and rigidity as well as tha 
mechanical coupling design , 

l. Structura 

2.- Tnatrujnenta 

3 Control Force Loading 

none 

the loading e-juipiiton/• will affect 
tilting only as it may be used for 
counter balancing the cockpit and 
insofar as inertia of t.ne CFl 
equipment will affect the tilting 
serve«,, 

the tilting equipment receives its 
control data from the computar- 

4, Sigit Conver t era 

5 , Digit Conversion 

Digit conversion may be considerad in two flections 

A; Conversion of digite, to electrical signais 

B ■ Conversion of mechanical motions to digito 

Considering first the Conversion of Digits to Klectricai Signals,, tha 
following table shows the relativa sensitivity and accuracy required in 
different applications., 

Accuracy 

Senaitivity Altimeter 

High 

Other instnimonta 

All instrument;} 

Good . Fair 

tilting and 
Control Fore«- 
Loading 

jilting and 
Control Force 
Loading JSquipmont 
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The kind of output vol baga to ba deliverad b;.' the converter ptih'jt bo 
correlated with the various servo requirements Ail 3ncoming data will be 
over b single set of digit buses from the computer and propor switching 
must be provided in, the digit conversion to moke the output signal vrltagen 
available at the proper servo system3 To x’eduoe equipment it will be 
highly desirable that a single digit to voltage converter be used with a 
simple switching system for distributing the resulting voltages into the 
propar channel»-- Switching will b© operated under control of the computer. 
Bata will be delivered at intervals ranging from 1/2 second to- i/lOO second, 
and the signals delivered to the servo mechanisms must be satisfactorily 
amo0thed 

B- Mechanical to Binary Order 

A system of this type might for example consist of 1)..0.. potentiometers 
attached to all mechanical shafts in the cockpit.. Voltages from the so linen 
might then be switched into a single converter which will provide the 
necessary binary digits for use by the computer« it will be desirable for 
the switching and conversion to operate in the samo manner as the electronic 
computer storage which means that an interval of approximately 6 micro seconds 
will be available for the selection and conversión of information ready for 
usa by the computero. The following tabulation shows sensitivity and accuracy 
required by various cockpit equipment in the conversion of mechanical motions 
to digits, Indications are relative find actual figures must result from 
further study.- 

Good Fair 

Sensitivity hlevator,. Aileron,, 
Rudder 

Controls for .Bagines. 
Tabs,, and flaps 

Control forca loading Flap5„ Tabs Accuracy 
and Engine 

Design of the digit converting equipment may be done as part of the computer 
rather than as part of the cockpit system,, However,. the digit converting 
equipment will depend on other phases of the cockpit program in the 
following waynt; 

I» Structure space in the cockpit structure must- 
be provided for the mechanical to 
binary conversion transmitters.. 

instrumenta design of the digit conversion 
equipment must be coordinated with 
the data, transmission system of the 
various instruments arid, servo 
mschanismo 
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I 

2>, Control Forco Loading - the digit converting equipment will 
supply forced data to the CFL squip- 

meut and will receive shaft posicione 

and control, forcea for fcranamißß^on 

to the computer •• 

4., Silting Equipment - the digit conversion East supply 

signals to the tilting meoiianiem. 

Cockpit Design and Construction Program 

It is highly desirable in the- Project Whirlwind Program that 

the cockpit and associated equipment be designed and constructed by 

June 1948.. To make this possible, immediate steps must ba taken in the 

selection of the required sub-contractors« in the specification oí details 

which can now be established and in such research and development vnrk a«- 

remains to he done.. 

k 

r;i 
& 

The cockpit and.Its associated equipment will be'extremely 

valuable when used with the Whirlwind ï computer for evaluation of many 

questions relating to the large seals Whirlwind Í.I and its use sor the 

solution of aircraft stability and control The techniques required ios 

the cockpit simulation will be required in other training and control 

devices. 

JW vh 

ccs Malhmann 

p., Tilton 

C - Rn Wie sor 





To : 

From i 
Süt'bj ©et : 

Dato: 
References: 

Drawings: 

lïote'ooôks: 

^■momümism labomtori 
Maasaclmaetfcß ïns'tit'ato of Technology 

Oamoricige, Massadmaetta 
Memoren.fhíjn M-S.'j Project 6345 

Page X 

11. R. Everett} c. R» VMesor, H. Fahnestock, 
P. D. Tilton( E. 3. Prohaslca 
George H. G-raff 
Recapitulation of Work Done on Design oí Cockpit AssesMy 
jW 30, 1947 
6¿95 Report 6 Throttle Valve 

Proliniiary Investigation of 
SuKBaing Circuits. 
Sujnming Amplifier, Electronic 
Description of Proposed Control 
Eo rce Demona t ra10r 
Control Column loading Equipment"* 
Analysis of Conç>onont Parts. 
Control Column loading Equipment- 
Stability and Gain of Proposed 
Closed Cycle Sehomatic 
Humeri cal Rai>.gos of Aircraft 
Stabiliser Computer Analyzer. 
Control System Information 
Design of Mechanical System for 
Transmitting Control Forces froa 
Loading Equipment to Cockpit Controlo- 

)1-100 Method of Cockpit Mounting and 
Actuating Mcehnnlsm. 

22 

29 
if) 

37 

3S 

49 

6345, 
" 5g • 

Report )1~99 

Surasnary 
a~aog4» 
^■3790» 
1-37501 

1-37503 
1-37504 
Jr*- 

ort #1 

G~30047 
C~3004S 
C— 500)-)-9 
c-30053 
Harris Pahnstock 
George H. Graff 
C. H. Rider 
Alvin S0 

Force Analyser Assembly 
Proposed Cockpit Mounting (obsolete) 
Proposed Coclqpit Mounting (ebsolete) 
Cover Plat® Assembly 
Cockpit- Colmm Control 
Cockpit Control Assembly 
Proposed Sump Assembly 
Elevator- Control System 
Rudder Control System 
Aileron Control System 
A.S.C.A. ockpit Mounting (Per«pactIvc 
Notebook #1 
Hotebook #1 
Hot® ©sk §1 
Hot©bosk #1 



ïhs codroit. Ib to oo a replica of one in n real aéroplane., 

able to aiiaolato the movements of flight and with onnt.roi8 »>hat 

Ibaded and have the feel as in flying. Th© aim is to give the pilot 

the illusion of flying while h® 'operates the controls in order to get 

his reactions and test his ability to keep the plane vMer control. 

Data relative to actual cockpit performance and description 

of actual control systems with forces involved in flight was furnisnod 

hy the Vfrlght Brother's Wind funnel • and is contained in Entorta 

5So 

A perapective drawing of the oqui-pmant as j.rnaily docid.od 

upon to accomplish this aim is shown on drawing C-300Ç3. It ooncists 

of a hollow vertical column mounted on gitótesla ia its middle porvion, 

on the lower end is hung 'tho cockpit „ on the upper end is placed tho 

platform containing the three forco loading units for loading the 

rudder, elevator, aileron controls respectively. Linkage naming tara 

hollow column connecta fore© loading equipment with controls. SV-ur 

hydraulic cylinders located on middle floor of building impart notion, 

to cockpit^ on® for roll', one for pitch, and two lor vertical mo*ions» 

The cockpit project may be divided into 5 parts for cosí- 

venia?),co of discussion. They are as follows. 

1„ Cockpit 
g. force Loading Squipmont 
3„' Linkag® hotveou Loading Equipment and. Cent rol ß in Cockpit 

4„ Cockpit ictlvatlng Equipment 

5. Assembly of above Pa.j’ts v?itfc. Colusa aud mounting on G^moa.,». 

ï shall take up each part separately giving the stab© cf 

development up to the prosoaft time. 
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I, Cockpit 

Ko design Wirk nao 'bean done on i.ha occkpíí-.. Kovicvsr 

information sad specifications ral at i'«-« to its aesi^e he.ve been .tc-_ 

cuwalated in Mr. ?ahR©stock, s and Mr» oliderus notanookn. 

Mr. Fahnestock9 s Hot ©hook ,J1 contains J.nf ormation v.ftd',;M. oh.® 

folio vrlng h os,clings » 

Cockpit Equipment 

Responsibility for Installation of Cockpit Equipment 

Arrangement of Controls and Indicators 

Instruments « Rata. Source and r|Yp© 

and from Mr. didor^s Rotaoook #1 

listing' of Cockpit Instruments, Humber Required with 

Operating specificationo and Anpsxatrrs. 

listing of Cockpit Controls, Huoher Rc-quired, Coumeut» on w© 

of Standard Parts 

Listing of InoporatiT« Equipment. Numher Required 

Listing of Outputs from Cockpit 

2. Force loading EqulpmontL 

Aa hydraulic system for generating the control forces was 

dovisod and a demonstrator model to check the worth of uht> systom 

was hu3.lt» The demonstrator is shown on drawing R-20)5^1 dOGcrioeö 

in renort 36. Analysis of component parte and stability mu ga'.-.n of 

svstem aro given in reports 37 and 3S> Tests having proved tno wo.-.Pih 

of'the system, that portion of it to he mounted with the coefcpin was 

redesigned with the elm of making a compact, packaged w.it. 

This design, differs from the demonstrator Ly the use of 

Í 

ï 
1 
'.1 



two adjustable dampora to o:lr««lato fi-ictiou torqus instsail of tach- 

omet er, by- the addition of two compreesioa springs in Unhaga to 

eiaralat® cable stretch, and brf nev/ design of régulât in.;; values» 
V 

■The unit consists of a. rectangular tank with cover plata» 

Layout drawing of tanlt end eqtdpaont mounted in it id L~37505* 

Figure 1 shows this equipment schematically. Tank is 3/U filled 

with oil. 

On the underside of the cover (layout 1-37:)0-0 is mounted 

the equipment for governing the oil supply to the power piston. 

This is shown schematically in figure 2. Kot shown on schematic is 

coil of copper tubing thru which water circulates to cool the oil. 

The min oil supply for the power piston is furnished by 

two Vicker9a 2 ~ stag:« van* pumps mounted on opposite ends of a 

common drive motor. Pumps and motor are mounted independently of the 

tank. 

Th« fore® loading ec-uipment consists of 3 ta::ks with cover 
\ 

plates and 3 motors each mounted with twin pmsps all mounted on o 

platform which is sat on top of hollow vertical column. This equip¬ 

ment serves as a counterbalance to mass of cockpit swinging on lower 

end of column. It is estimated that the 3 units (3 tanks, 3 motors 

with pumps, and sil) will weigh approximately 46oO pounds. Tho plat¬ 

form will be approximately 10 ft. square. 

Twin compression springs to simulate cable stretch are 

designed for a maximum torque of 400 ft. lbs. with spring gradients 

ranging from 25 ft. lbs. per degree to 500 ft. lbs. per degree. 

Design calculations in Graff’s Notebook. 
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Rage 

Sach friction1. torc.sv,.e damper ia .d&isigasd 1er 0 ,o oO 

of torq-M, Düslgu calcuLaticns in ôraíX«a HoUobeok. tm miioair 

characteristic of this design is that helow certain valocities Vie 

friction torqu® will fall short cf that deairea because of un^oiCte- 

hi© leakage around piston and valve. 

Tests‘were run with a control valve with 90° iT-clv-ded 

of valve face (A«20372«»3> with varying values of valve spring iovee. 

Results have heea iafenlated - oil pressure versus flou - in a. h, 

Sh airman.’1 ö îlot shook on page 11. After these tests a new design of 

valve and valve body was developed using a piston type t*!?1-'* ''5us 

iß shown on drawings B^OOH? sad ^JXM. Experimental model has 

Peon hullt hut as yet no tosto have been run* 

Pa ft » Un«A in Design of. ?prM_-k¡S'¡dlSS 

Max., oil pressure 2000 lbs. per 1¾2 iMain oii EUpplj>’'5 

Min. oil pressure 3'd0 Ihs. per inc' O'ain oxi supply) 

Maoc, diff. pressure ll’OO lbs. per iu- 

... . 2 
Area under pressura 2.77 in 

jtoglQ of travel of output shaft / 22 i/2 

Max. force exerted 'by piston 4j20ïi- 

Max. torque 25^0 ft. lbs. 

Korraal operating acceleration of controls about 100 radians 

2 per see 

Max, operating acceleration of controls about 800 radians per 

o 
seel 

Ratio Goar Train for Glass Disc -, 25 

R„tin Gear Train for Tachometer ~ 10 
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Oil pressura to I^uimVlic essplifier 300 11)3. per in.' 

Tha force loading equipment as deeiga^d is hose;-* said ■'ctl'kj" 

in suit© oi efforts to roalr.o each unit compact. Possibly ay using; onto 

eump and ono oil system common to all three units the -foltuae and. 

v/eight can be roducedo The Vickerie tvrin pump and motor assembly 

account for I/3 of the total, .weight. 

3» Linkage Between Loading I'cmipinenf, and Controls in Coacpit 

This linkage is designed schematically. 0t®rail dimensions 

of main connecting rods are determined,, Much design work still 

remains to be done,, Report R..99 with drawings C-JOOHj, 0-30048 end 

0-3OO49 describe the work done'up to this time. 

This equipment is shown schematically on drawings L-37503 and 

L-37504 aid is discussed in report R-100 section B. Only the surface 

has been scratched ©n this phase of the project. Movement of cockpit 

in pitch of -/“ 20°o and in rol', of /* 30e with accelerations in both cases 
mr» 

of one radian per second per second have been fixed 'upon. However the 

vertical movement of cockpit has not been decided upon either in ampli¬ 

tude or acceleration» That the motion will be produced by hydraulic 

cylinders is fairly certainc but the design of th® hydraulic system and. 

linkage connecting it to coiunn is an embryonic condition» 

H„ Fahnestock'13 Notebook gives information relative to 

motion of cocknit under th© following headings» 

Flight Demonstrations 

Proposed Simulation of k.v.eraft Acceleration» 
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m y 
0, il,. Rider8 Ei íiote'boolr. gives the following: 

Angular Biotior.p rat® .and acceleration of cockpit,. 

% ABCombly of Parts lf. g, 3, and 4 with fiolwm, smcl Moantlr^; on (Hrabais■» 

Thia phase of nrojact ia concerned with arrangeront of com¬ 

ponent parts and isanner of suspension. ®ho design- fixed ut>on is a'hown 

on drawing B»3750^ and is discussed in report 11-100 section À. 

manner of fastening cockpit to column, and a platform for force loading 

equipment have yet to be dasignedo The bíko of hollcv cc'Jumai was arrived 

at using '3000 lbs. each for v/eight of cockpit and force loading equipment. 

As a later estimate places weight of force loading equipment around pOOC 

IbSo f colimn size should be radesignedo 

S-ÄIS 
(Brefting Room) 
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Deport Ho^-X 

Paga 1 of 5 pago» 

Xh'awlng? 
0«-30537 

Introduotlon 

The principe! covaponent of the Project silEHLYfl.::® 
equipment la m oleotronic computer,, While this ccwptttor In a 
gonaral«purpoae device, its major aosignmmt ia the study of 
aircraft design and performance«, The computer, with associated 
equipment* will bacom© m aircraft anelysar«. 

The proposed malyzer might be used, as a typical 
oxaraplQj to study th» chareot «ri at ios of a proposed aircraft which 
has haver boon built,, In euch a atuáy» wlnd^tiúxnel data from a 
model of the proposed aircraft would be uqett to furn?, ah the computer 
with the rospouse charactoriufci.cs of the piano* In addition to 
recording the perfórame® of the aircraft* the analyser' asast also 
provide data on pilot reactionsi and handling ohar ao tori ratio b of the 
aircraft* The proface to the Aircraft Analyser speoivficationo . 
frt atea that ï 

'’The moot significant. feature of this analysor is 
that the reactions of the pilot to the handling characteristic8 of 
the airplane era introduced, not as simple responses to given 
situations but as th» more complex responsos characters.-otic of the 
human baing*rt 

1¾ is evident that the environnant, and "feelK of 
an aircraft in flight isast b© «jimulated as accurately'ae posolblsc, 

Analyzer Sggfcem 

A pictorial schematic view of the malyzor 
oojnpoaenfco i.s shown in attached Drawing Om :50587 c Pro vi »ion is made 
for pilot and oo«pilot station« within a cochpifc wMoh will contain 
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ib© Controls ûÊ!?. xR'.’íiT.’OT'SHÍÍ ÍÍ O.t 0.1¾ p.j.ï'OrôiO Ofo.U.V, GS'O.d.iôdo 

Control iafonaatloR is treixmlttsA to the computer, whîoh oca- 
•iw.töa tho Tosponse of the siraolatoâ plan© to those control 
inputs The alroyef4?s cor.ipntoâ response is liranamittod haoK 
to the cockpit ? v?her® it io rnaaifaeteti as 

1) forces on. controlst (0c]!’„Lo) 
3) proper or lent îvtion oí s3.1 i n ■?; 
3) simulated noise and vibration 
4) olraulated noceleratioa of the cockpit 

Simultaneously, the hoharlor of the air«reft is recorded at the 
"Output14 station» 

A more dotai.led dosoiiption of the snalysor Iß set forth 
in Project WHIHLWÏ® Suwroarjr Keport Hoc 1 la sued in April, 1946» 

®h© oomputor is of the digital type and uees a binary 
number syatom. Information, ssuoh as control positions, tren«- 
fsrrod from the cocKpit to the ooaiputer must bo converted fro?: 
analogous quantities (probably TOltagee) to binary numberb® In & 
like manner, computed binary numbers mat be convortod to analog 
voltages before the information can be used to control instrument©» 
noiso level, eto®, in tho oooîsplto (‘Me function is performed by 
the "Digital to Analog Conversion" equipment shown in Drawing 
0-3055?») 

The computer 3.¾self is to be capable of solving 
simulti/iioously the numerous equations which determino th© djnasnio 
porfonaano© of an aircraft- la flight® A unique feature of the 
computin'* is that it will oolvè those equations In real timo; 1®©®« 
til® apcöd of solution by tho computer mast be- as rapid as the 
rasponeo of the actual aircraft and pilot« 

Mæit s^astüsa 

Th© interior of the cockpit will have the cams appear one© 
as the o,' ckpit of the piano being studied« Pilot and compilât 
atationu with all controls and instrumente 'will bo InatalXod® 
Windows will bo mad® translucent so that th© pilot io not dis¬ 
orient®'! by objects outtddo of th.® cochpit® 

The cockpit will bo autrponded 1’V.s a pendxúusi and will bo 
free t> bo tilted under power in ardor to apply acceleration be the 
pilot. 
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Mtêïmm&s. 
All in»'%nvfl9Btio ivill 1>5 properly oxi&^&i ..n.dlca'ysi 

w -bhe oomiMtero ï’iia simpler lixatoiieaia (such a» oil presage 
c4' tsmpsraíittre gauges) «ill protts^ly »©. voit-mefeere er-.ergised liy 
fcin® computer o Tix© ware prod a© la&trumsafcfl (suah us ertlfloaJ. 
horißop. ead altimeter) «ill probs.oly m driven by .iorvo:aeohanlE^îî 
K'hioii rseeiYO input data, front the computer<, Ham the roquiroa 
re apon ae of these inatnwnesvta need not .exceed the ability of the 
pilot to follow them, It 1« felt that propor ilnatrujncnftattoa will 
not involvo anj problems of a f(5i.'datent al note a d 

gonMol. jÜßygo^ogäÄ MâESSai 

She proper forcee on tlxs csntvol coluvm aad pedal.a will 
b® ooMiputad 'by tho oomputor and applied to the ocmirola by 
hydraullo servomeohaalsms« iYovision will be made for adjuatáb*?.« 
control dsaaping, Coulomb frictioat elasticity, and baaklaaho 0;u 
the b&els ,of testa eln-esdy wade on. exp«¡’lmontai eqvdpment» it wmi 
gftfrt to predict that control forceóloeáiug cm bo cimulated 
aatlofactorillo 

Mjs. ÄRä BfeSfiSlifiB 

Satisfactory simulation of noia« and rlbratlot. has elreaõy 
boon aocompUehed in some cf the Navy” a Op-eraticnal ilight 
Srainoroo Vibration will probably be iaasrted by mum of cm. u:-.v- . 
balanced rotating maaa coupled to the cookjjit, asd nolo© will 
.probably bo produced by sa electronic oscillator with suitable 

jL i -■ .1, or s o 

Oockpit. .MÄssxi&ias 

Tija abovo-ja®ntionad problems have b®(im srproachccl by 
designing equipment which attempts to duplicata the performance of 
the aircraft« la tho case of cockpit motion, tMß Reproach pm no 
longer be used eines it is not considered feasible tc- build a 
cockpit which will have the came degrees of freodom as tho .ai-roreft« 
iuXao* it is act feaoible to build a cockpit which cm bo aubjected 
to large oustained cocelorctlons since auch a âevio© 'would have to 
mort» through very long distoncea in reaper3© to those accoter&«s.oua» 
.For those reasons, it has been decided to suspend tho cookoit, as 
shown in Dr saving 0.-,30557, and produce the oensatioa of liorisontal 
acceleration by tilting the cockpit« 

Xa guoh a ay stem the resultejit imistainad accaleration .is 
limited in msgnitu.de to the acmsleratloa of gravity, or lg« ïha 
only control that cant'be exorcised over a sustained period is coa.«» 
trol of the direction of the Ig gravity vector with respect to the 
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'oilot’s seafc. *hio is '5o ’ba aocoa^U'-Jhoc*. by wo ^dridiUo 
ssr-zomocb^ilfflaa. Ou* will tr.t theoocïoii as It woulu bo ¿xl'soti 
lny ollmbiiî^ or diving, -aai tha otaar v/ili tiit tbo ooci^^t aa aw 
v-ould ’(op, tiltad by roi:.., -¾ is ejçpooted that a oatjSaAnad 
aoooleraUoa of l/a g par all el to tho plan© te tiro pit«© of t!).c 
pilot® a ci®,at oaa h© .produoad aatiafeoturily« 

Sinoa the augl® of tilt oí She ooo^it will control 
t-«’'J' V iV*k? ^ W» • * ^ ^ fl. * » rj ^ 

the direction of the resaltan* aocaleration on who pUov¡, ho 

•orc/oar tilt aagl« will be doteradnad not by tfco aircraft1 a 
attitude alone,' Vat uiU tafeo into «ooouat it a lafcor$u. 
aooeloratlon as wall, for example, a fcx& turn ia.leva*. .<,.ign* 
would oau.8© the oockplt to tilt about its roll ea&B “0 «inrala .... 
cpntrioetál forces on the pilot, «Mia a perfectly banked wru 
would recuira no tilt sino» i* producás no oesçonentf ox 
eoceleratlon paralloX to the pleno.of the pilot8® s>aat<, 

\M1© the control method indicated above provides the 
correct BO.stained 1 at oral acoeleratiou, it raiser» .probltacs in 
changing the escoleration without sever® transient acoelaratioas 
which would destroy the simulation oí aircraft fliy.hto ^fh© 
aolution of this problem requires further compromiaoc Xf the 
tilting oarvos «oro designed to aooelorate tho cocipit 
instantaneously by an amount equal to the differentia Votwon the 
inctautaneous required aoceloration aad the coiTipoaent due to 
gravitational aoceloration, the result would-be an idoel 
acceleration servoraochanim* However., such a drive would b® 
undesirable alnoe an ideal acceleration oarvo is Íinherently or»-- 
stable with respect to position; i«®>8 while^ the oerreot 
acceleration would theoretically be applied at all time a „ the 
■cockpit would oscillate, la order to pravant oscillât ion, 
damping forces proportional to Velocity laust be pppliod wir.h. m 
attendant error in aocelor&tlng forcea» 

Another problem involved in the aolootion of tho proper 
radius between the cockpit suspension, axis and the pilot. As 
the radius is decreased, the macio» of thepilot8s oody approaiihsy 
pure rotation and angular aoceloration; similarly as the radias 
io incresBS&f the motion of the. pilot spproachao pura translación 
with translational aoceleï'ation. ï ha latter aencation seems P-”®'“' 
ferabla, particularly for the case of largo :¾.¾.rex-aft« Howove1;:1,.. 
as the’ radius la increased, the structural problem of coakpit 
aupport bocomea increasingly difficult., and the power requiremenc 
of th*9 cocîcpit tilting drives inorsafios. ibr these reasons l"> i® 
desirable to heap tho radlue as small as possible without 
destroying the Illusion of flights 
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I« addition tõ tilting tte ;ioc?qdfc t:^p?jßiwc tlio 
’’fffiffil15 of -the aircraft'* o r^ftponso to t.ho controic; it w î»o 
desirable to Int rotes® trara aiaat traaslatloaol nco^eysMoas of 
'brief duration and alternating; d5.reotion to siir.ulafct! the öfACCuß 
of flight through turW.sat air» (Tranyient forcea would l)© 
appllöd alDHiltaneottaly to «.hs controlo« ) %e valus of thee© 
tramaient® in aisBolati»« fUgfet and the exact tsiann®x la which, they 
should he applied have not jet haen determined«, 

Qiciantitative data on optima» ncceloratioa of the conic- 
pit aro difficult to obtain since allovrable dep-artares from exact 
simulation depend on the »abjective eonoatious felt, by tbo pilot«, 
The problem is not confinad to the field of engine ©ring clone* buy 
requires îmowledg© of • th® physiology sad psyche logy of the pilot*» 
perception and Sensation« 

GRWsh&ß 
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Subject: Description of Proposed Control Forco Demonstratoi 

I Aentlf.1 cation; 

The control force equipment representa an iiapcrtsnt part of the 
proponed aircraft ar.alys,erc The preface to the .BuAoro specifications for 
the analyzer states 

"'■The moat significant feature of this analyser le that the 
reactions of the pilot to the handling characteristics of the 
airplane ara introduced not as simple rsoponees to given situations 
hut aa the more eomplax responses characteristic of tha human being." 

The complex human responses mentioned are the result of tho 
composite effect of instrument readings and the forces appearing on the» 
airplane controls!. In order that the so responses ho of value it is of great 
Importance that theoe control forces he accurate and raalistlc,. 

Three separat® seto of control forcea must bo gener at ad— olovat d r 
or control column forces, aileron or control wheel forcea, and rudder or 
control pedal forces. All three sets requií*© the same type of generated 
loads and differ only in magnitude and rate. They present the name problème 
and can he solved by the same types of equipment, The gene'-el ài acusai one 
which follow apply to all controls, but specific values refer to elevator 
or control column forces. 

A system for generating control forces bao bean devised, and a 
teet ootup or demonstrator is being built to check tha worth of the* syctam. 
This report will outline the problem sad discuss the reasons for choosing tihs 
system to be tented. This discussion will be followed by a, daecripfcion of 
the tout setup giving numerical values for all constants.. 

References; 6295 Exports Hob, — 
k Two Phase Induction Motora - Character!aflea as torqu 
6 . Throt tl.e Valve 

13 Strain Gauges for Control Force Measurement 
22&29 Sumicing Amplifiers 
33 Tacfoometare 
37 Stability & Gain of Proposed CFD 
38 Further Analysis of CFD 
39 CFD, Tia® Schedule foV Completion 
4l Strain Gauge Preamplifier 
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Discusión: 

Proponed Solation 

îhe problem falla Into two ca%egcri«o; 

(1) The tranalation of computed data in the form cf an elftctrical 
signal from the analyzer Into torque or load forces on the 
controlsl 

(2) ' Creation of the proper "feel" In the action of the controls. 

The controls in an airplane consist of a column, wheel, or pedals, 
having inertia and friction. The controlling member is conaectod by elastic 
connecting cables to a set of control surfaces having inertia, and. friction. 
Assuming no aerodynamic load on the control surfaces, the control system can 
be shown schematically as follow«; 

> 

COWTROL 
MEMBER 

/ 

COWTRLO lung 
MEMBER MOTION] 

/ cable. 
I Y-, m 

— 

Jm 
fm 

f 
J 

COWTR.OL SURFRCE- 

3 s 
Vs 

CONTROL SURFA.CEL 
MOTION 

FIGURE 1. AIRP1ABE GOHTEOL ViTTH ELASTIC &LBIE 

This aye tom la not a simple one to approximate. In addition, the 
elasticity of the cables is probably an unnecessary refinement. If the 
elasticity of the cables is neglected the system becomes 

CONTROLLING 
MEMBER MOTION 

.«È^wiinii. 

:w Js - Jo 
Cr\ * fo 

CONTROL SURFACE- 
MOTION 

FIGURE 2. AIHPLABE CONTROL WITH ïîffiLASTIC G ABU' 

J0 is the combined, inertia of the system referred to the pilot. ?0 is t,lie- 
combined damping, both viscous and coulomb. There la no elaeticlty, and tb.o 
system exhibits no cecillatory tendencies. The inertia and daœpiïig will both 
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vary depending on the airplane*. la particular ( the •<?%a?.'-av.r. camping due to 
motion of the control surfaces will depond on the coníinnmvbion of them; tss:-/- 
facas, 

ïh'.î aerodynamic load on the control surfaces is largely a re straining 
force proportional to control surface deflection« ïhia force in the only on-s 
considered in the specification equations at the present time« It is sluo 
possiolo that there may ha additional effects such as changing damping or 
even higher order effects. For the tiras "being only the: propcrtlonal restraining 
force will' bo cono ido red. 

Such a force io equivalent to a opr lag to ground connected to the 
control surfaces. The new system will he 

CONTROLLING 
MEMBER 
MOTION Ko 

// 
// 

# 
// 
// 
Z 
/ 

FIGÜ3E 3. AIRPLAFS CONTROL SISTSM WITH ABHOSTH/iMIC LOAD 

The value of k0 is computed 'by the analyser and is dependent on. 
airplane characteristics and. flight conditions. 

above. 
The problem then falls into the two separate dlvinieus mentioned 

(1) Obtaining an effective force tending to return the- control to 
neutral. Thie: force raunt be proportional to the control displacement from 
neutral and must, vary in magnitude ■ according to an .electrical signal, from the 
analyser, 

(2) Devising a system that will allow adjusting J and fQ ova? 
reasonable limits; that is, a system which will have the proper TeeX1'', 

Additional control details,such as translation of control and tab 
positions into electrical data for the analyzer are not part of the control 
force problem. 

I ï., General Approach to the Problem 

Generation of control forces requires first a controller which will 
develop a force or torque which ie accurately proportional to an input, signal, 
Such a controller io a prime requisite for any leading system and will ba 
discussad in a separate section. A. simple controller system would be 
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Such £v system would have the sama ííharacfterie tie's, .-ia the ey»«am 
of Pignre 3.. The controller constant can de varied either 1:¾ the contrallar 
or hy attfmuating the input to the controller» The only moa:«, available for 
varying J0 and tQ la actual physical change of the aiaire and 
to a limit to thin method of varying the constants, however. It is simple 
to Increase inertia hy adding weight to the column but troublasome to do no 
in a neat and unohtruaive manner. Kiers is no way of reducing inertia below 
the designed minimum. Viacous da.rapo.ra are large, power1 consuming, not easily 
variable, and do not maintain their calibration. Gculcrsvb daiiipepE are r&1 c.tively 
simple,, 

X net hod is thorsi ore needed, that will finable reaeonahl e changes in 
effective inertia and damping to 'be mads. One method la to add components to 
the controller input that, are proportional to the first and second derivatives 
of the output or control motion. 

SIGNAL SYSTEM MYo 

ZhO-rf 
\ • 

0o ©a Bo 

CX)NTPsGLLH: 

li'IßUEB 5, 

It Is unimportant to the output member whether the torques on it;,;, 
shaft come frota the inertia forces ant. damning forces acaosiatcd with it or- 
ír°¡T. the «tontrolley. Kj_é0 will have the same effect on shaft pexforwanee' as 

. Z'M-l -f If. W ...-. T> . .-. ._ would a V..3CCU9 damper v;ith damping, f « K-. . Kpêp iîave the ¿-ame efí'ee- 
3ia ;':: it is poseible on shaft jjerformince as would a maos of inertia j 

to change the signa of IF and Kp it in poaaihle to either inu-rease or d.ecreaae- 
the “effective” laei-tia and damping aaeooiated with the output'membei* or conèro'. 
A «ystem of this type should oe able to simulate ©xacily the characteristics 
of the sinplified airplane control cy«tom of Figure 3, 

"T ^ !<h eo -r K, ó,, 1-KL, 60 

! I Ki., FROM AÑALYZE P. 
BASK COSiTEOl }?0EG5I SYSTEM 
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I-iï. Choice of Elesjeata 

A. Oontroller 

'Requirements 

The controller described above haa the following requirementst 

1) It must produce torques which are proportional to input 
signala (probably a-c voltages),, 

2) It munt be capable of developing torques of sufficient 
magnitude, 

3) It must be capable of developing velocities of sufficient 
magnitude, 

k) It must have a high speed of response. 

In greater detail these requirements are 

1) Accuracy 

Ro very high degree of accuracy is required. Technically, of 
course, the accuracy of the controller; that is, the consistency of the torque 
to signal ratio, will determine the ability of the device to represent the 
ideal mas«■“•spring-damping system of Figure 3, Actually, it will be beyond 
the ability of the operator to distinguish a difference from ideal torque 
of probably 10$ or more. The frequency response and transient characteristics 
of the system will also vary with controller accuracy, but these responses 
are not important over fairly broad limits. Errore of 10$ can probably be 
tolerated vrithout appreciable effect on pilot »feel". 

2) Maximum Torque Required 

Two pilots ol normal strength under normal conditions can exert a. 
pull on the control column of up to 6Ó0 pounds according to RAGA tests. To 
this figure must be added an adequate factor of safety to allow for pilot 
responses to unusual conditions. 10G0 pounds has been taken as & desírabio 
maximum available force to cover all conditions. This does not mean that the 
maximum control forcee possible in an airplane are less than 1000 pounds; 
they may be considerable more, but there is no point in having available 
forces which the pilots cannot exert. 

3) Maximum Velocity Required 

Ro data was available on this important point,. An on tí mat ad value 
of 5 ft/sr-c„. was obtained, however, by the following meohod and ig felt to be 
of the proper order, 

■" 

approximate siauooi'lcl vas generated hy Re Bvorott 'by a imply 
moving iiln hand as if etroklng a control column « No load ‘forces were aosuraoclj 
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the ci a,xiraum atnp3.itade vae atout 16“ and thu psylod v/as sucî'i an to givo a 
tut Hiaintainatle rate« The resulting period web atout »8 "¿eoomlß and th® 
Maximum rate tasad 211 assumed sinusoidal motion was 9 ft/o-nc. In the actual 
equipment the pilot will have to move the maos of the column and work aßaiuat 
the syotem friction and control surface restraining torque « 5 ft/eec, should, 
he adequate for even quick pullo against these leads.. 

The above sections prescribe a maximum force of 1000 pounds and a 
maximum velocity of 5 ft/eec. If both maximum fores and maxi num velocity occur 
at the same time the controller must develop over 9 HP» Such power in osyond 
the instantaneous output of two men, especially when pulling with their arms 
only. The continuous power output of a man is low—-perhaps ,1 HP. His over¬ 
load capacity ia quite high, however—perhaps 1 to 2 HP (for very short timos) 
depending on conditions« The maximum horsepower required of the controller In 
order to overcome pilot torque will, therefore, be nearer 3 K? than 9 and then 
only for short times. In. addition, the controller must supply enough power to 
accelerate the controller maos when travelling at maximum rates. The maximum 
desired acceleration and the system inertia must also be uonniderad if the true 
maximum required controller power output la to be determined. Due to the 
physical nature of the controller eventually chosen the true power output was 
not computed. 

B, Basic Controller Decisions 

The type of controller could be either air, slei trie, or hydraulic. 
Air was discarded without diacuesien largely because of lack of available 
equipment and technique although considerable difficulty could be foraasn in 
the use of sn air eon.brollar, 

An electric controller wás considered but discarded. The forces 
and horsepowers required- are of auch magnitude that they could be obtained 
only by a largo ole strie motor well georad down., Under tha»e circumstances 
tho inertia and friction referred to the controls become of absurd magnitude. 

A. hydraulic controller presented the most possibilities because 
of the high power and epeed of response of hydraulic ay stems,. A con tro lie?.' 
proposal using a hydraulic motor geared to the, control column was discarded 
because it suffered from the came difficulty as the electric nyetam although 
to a. leaser extent, A hydraulic cylinder and piston was finally decided on 
as most nearly meeting the conditionsBeflectad inertia and friction arc &% 
a minimum due to absence of gearing while a wide range of favosa and speeds 
are available-with proper choice of piston &iea, control prensure, and lever 
arm, 

With the force producing element decided on there remained the 
choice of a pressure controlling device., a simple fora of the method, abosen 
I® shown in Figure .6, 

! 

ääii&y IV 
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ITGUBI3 6., HYDRAULIC COïITROMÆ'R 

The control device contirav.agly adjuats the regulator eattinga to 
give the deairad proasure differential aeróse the piet^He In the interest« of 
high epeed of response » a single stage partially balanced rogulalor Vf&a 
de signed = OIL IM 

FORCE OM VALVE = F 
PRO PORT IO MAL TO 
CONTROL POSITION 

CONTROL 
posmoM=^ 

H —\L y BALANCING AP¿EA---Ar 

—i 1 L.—— ORI F ICE. = /\o 

-PRESSURE PROPORT ORAL 
f oil oui to valve, force. ~ p 

TO SUMP 
FIGURE 7. PRESSURE ïîEGULMTîiG VALVE 

The force on the value ia given by the equation 

F s P(A0 « Ajj) ® KXt where quantities are ehovn in Figure 7'- 

The assumption is made in this, equation that the velocity of 
approach to the orifice is negligible„ In other words, the pressure head of 
the oil against the valve is assumed to equal the pressure head of the oil 
back in the low flow area. If this assumption is fair for the flow rates 
concerned, thon the valve calibration to- independent of flow. Such is the 
cace for a valva of the cise finally decided on, 

A oyatem has now been obtained which enables a position to be 
converted into a force. It only remains to obtain a method of obtaining a 
position from a voltage, 

A two*stage converter was chosen. The first otage, consista of a 
g-phaoe a-c torque motor driven frvra a power amplifier. 
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FIGURE g. ÏOEQÜE MOTOH /77)7- 

The low power signal ln. (0) ia linearly amplified in amplifier (¾). When 
applied to the torque motor control field this voltage results In a proportional 
torque (k^k^e),, A restraining spring turns this torque into an angular position 
of the torque motos* arm,, 

Unfortunately, the power level of the torque motor 1b insufficient to drive a 
pair of balanced pressure regulator valves of the type described above. The torque 
motor position is therefore amplified in a simple hydraulic preamplifier* 

TORQUE 
MOTOR, 

~®tn 
CL >W -- [6 b res» 

~~”k7 

HYDRAULIC PREAMPLIFIER. 

FI GUILE 9. TORQUE MOTOR MD HYDRAULIC MPLIFISE 

The hydraulic preamplifier can be built to give a reaeouably high power 
level for driving the pr©saura valves* 

The controller is now complete in eoeentialso See Figure 10., 

FIGURE 10» COMPLETE COÎ3THOLLE3. SCHEMATIC 

•Río important yaattex-s remain, to be settled* 

l) The »aturo of the oil supply pumpa» 

ii£ ( f': Y TOiSgHhlSÉwHSSãÉÈ^ÂiKiíbèÂÍ 
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Wwn the sont rol ce-luía», la ßtandlag still no oil is x'equiv.Kl from 
the supply except for leakage, The maximum amount of oil a-equireA de-.-emle or. 
the maximum speed of the piston«, It in pot sitio to use either a variable 
displacement supply or a fixed displacement supply« Tb.o fixed supply in ftr 
simpler hut has a number of disadvmrtagoor 

With the fixed supply normal pump flow la doterminad by maximum 
required piston velocity. Standby losses ere thus determined by r.iaxiKuni re¬ 
quirements and are much higher than with a variable displacement supply,, 
Total horsepower requiromenta are determined by the product of maximum force 
end maximum velocity -regardless of whether or not they can occur toga •herc 
lha horsepower requirements of a variable displacement supply ara dependent 
solely on the maximum horsepower required from the controller« 

Tho added complication of the variable displacement supply mora 
than outweighs its advantages, however» Such a supply would be far more 
exportai va and complicated than, the constant displacement one. Another servo 
of considerable power would ba required to stroke a large unit, and considerable 
complication would be needed in a data system for adjusting stroke to correspond 
to piston speed«. The saving in maximum horsepower and in standby locoes 
might be 50$ or more, but until experimental evidence ia available the added 
complication does not seem warranted, 

Fixed displacement pumpa were therefore chosen, 

2) Accuracy 

The syctem act up in Figure 10 depends for accuracy on the 
excellence of a number of unite in cascade. Relatively high degrees ef 
perfection are required for each component if the overall arror is not to 
exceed 10$, A solution to this problem is to make a torque servo out of the 
open cycle torque controller. The loop could be clorad aa follows5 

SUBTRACTING, ^ _ 
CIRCUIT OUTPUT 

,PISTON ROD 
e á. • CON T 

Fig. 10 

e0 ¿ K R* o 

~0" 

\ 
-OA«D-Fq 

strain gauge: 

FIGURE n, TORifíjE SERVO G0NTB.0.LIÆR 

FEEDBACK and LOOP 
, AJVIpu Fl ER AN D GA ! N 
COMTROL.LER. 

’"il. ,r 

_ train gage allows use of a feedback voltage proportional to 
output force. The controller gain would have to be increased to maintain the 
controller calibration«. The overall controller error would decrease. The 
controller could be made to have as great static accuracy ao desired (within 
the limits of strain gage and summing circuit) by proper adjustment of feedback 
and controller gain. This refinement reculreo further study before a decíaloa 
can be made. 
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lío dlcouBffllon bas been mad© abo^o a® '-<0 tihs ■tranuisaii :?ö8paua3 ox 
the controller or the effect of adding a feedback signal f «:;cspt 'io a tato '«hat 

tha components Imvo been chocen with a view to mokiag the speed of response 

as high as possible« This problem 1» discussed later In tcUa report -ind .wore 

completely in 6295 Reports 37 and 

c » feedback ayatem 

Requirements 

The controller has boon discussed above. The signal ayatem, which 

will complete the control force load equipment, has the folloving roq^dremontej 

1« All signals met be phase sensitive,, 

2« Maximum to minimum signal ratios should bo ¿t least lOOs-A for 

all elements except the positional signal wir;oh should ha7© 

at least a 5OG•-1 y'atlo» 

3« The dead zones must be kept to a minimum in all elements., 

4« The time constants of all signals should bo as small an 

possible.« 

The Positional Signal 

The positional signal can be moot easily obtained from a cantor- 

tapped potentiometer« A high impedance wire-wound potentiometer should have 

anough turns to provide adequate sensitivity and be sufficiently accurate 

for the purpose« Varying the supply voltage to this potentiometer is a qui valiant 

to varying the gain of the positional signal to the torque controller and 

therefore provides a simple means of supplying k0 data from the analyzer« 

See Figure 5» 

The First Derivative Signal 

This signal, which is proportional to tha first derivative of output 

poaition; that is, output velocity, can. be most easily obtained from a 

commercially available a-c drag-cup tachometer., These, tachometers deliver 

an a-c output voltage proportional in magnitude to the tachometer speed, 

Various models are available which have different accuracies and residual 

voltages c The best available will bs used.. 

The Second Derivative Signal 

This signal must be proportional to the acceleration of tha control 
member« It is more difficult to obtain than the other signals» Thera are two 

general méthodes 

1) Direct 

Acceleration is measured by the lag of a maee behind a driving 

-¾ 

I 

,-.¾ 
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ali&ft to which the masa is coupled 'by a ye atrai al»S ®PrinS0 ha:;7 ' 
metar ûsb been constad in the labcr^1»oï;y tut j*® 0 ^3^‘" v ’ 
this use. The inertia of the unit ia high and in order to obtain .rsmj^e 
output signals it would have to he well geared up* i'ne rejected aior^.M. 
then be high. In addition, the masimm to minimum voltage r-avio i il or; on ^.. 
desired. A considerable period of development would bo required euioro a 
satisfactory unit could he ohtainod. 

2) Velocity derivative 

A ascend und more promising possibility is to take the derivativo 
of a velocity signal. The velocity cdgnni can be obtained from anotha:' fc&cnometei 
like the one used for the first derivative' or even from the_ same tachonever U 
the saving in equipment Is worth the necessary circuit complication. ..he sfßuai 
from euch a tachometer is a modulated a»c voltage, the enveJ.opa o:c lihich muat 
be differentiated in order to obtain tha acceleration sígnalo Two metnoaa 
pï'eosn'î; themselvess 

a) D- C derivative 

circuit, 
must bo 
diffbren 
■oroblem 
and time 
program 
produo« 
voltage 

The derivative of a d-c voltage may be taken easily with an R~G 
Difficulty arises In that the modulated signal from the paehomqter 

first demodulated using a phase sensitiva rectifier circuit, then 
tiated, and finally remodulated. A complicated «iircuio reuultu.. The 
of ripple voltage, filter time delays, derivative circuit attenuation 
delay, and balanced modulator performance point tv a considerable 

of investigation. The advantage of such a circuit is that it fmould 
good outputs for low input rates. The use of 400 cps for the tachometer 
would improve the time delay troubles but not remove them.. 

b) A“G derivative 

The derivative of tha envelope of a modulated a~c voltage my bo r 
taken by using a parallel-® network. Such a network provides a satisfactory cteriva^.v 
without carrier phase shift ovar™ a sufficient range of modulating frequencies^ 
to suffice for this application. It can be connected directly to the tachometer 
output but would probably require an amplifier stage following to bring the 
olgnai level back to the proper magnitude For high and moderately high 
accelerations the circuit should work wall. For very low input ra^ea uetwor, 
unbalance and harmonic content of the input might be very troublesome, teme 
input signal will feed directly through the filter and must be compenfjt fceu 
for by an opposing tachometer signal. The greater simplicity of this method 
over the d-c derivative method warrants its study first. 

Second derivativ® of position 

There is little merit to this method. The signal from « good 
tachometer ia probably superior in quality to that, from a derl atíve^ circuí l, 
especially as the potentiometer aigual is not smooth but stepped. The added 
complication of two derivative circuit3 with their cumula«ve troubles is 
Preferably avoided. 

■.. ■ 
■■ 
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Th« means fox’ obtaining the three signals nssdsd ima hean choat u.: 
It remains to add these sígnala in a summing circuit and to supply tha aum 
to the torque controller. Variable attenuat«?a vill bo needs à in oacri signal 
to the stunming circuit to allow proper «election of the magnitude of each ¡v.ignal, 
Kaano must alao he provided for varying the voltage across ths poyitional 
potentiometer since thia will he the means for supplying analyisr data to the 
system. 

The completa system 

A schematic of the completo system consisting of the torque controllex 

and feedback system described above will be found in Figuro 12, Drawing 35-20270, 

The Demonstrator 

The demonstrator is a piece of «xpnsîimant&l equipment designed to 

test the validity of ths conclusions outlined (.».‘leve. It represent,« a single 
axie of the airplane controles namely, the elevator motion, doing available 

equipment wherever possible the demonstrator adhei-ea closely to the proposed 

design. The equipment with associated equations and numerical values in 

described in some detail below. 

GaiHCâl description 

The equipment is mounted on a base made up of 6::6 atael H beams 
and 3/S" plat© and is about 9 feet long and 30 inches wide. The operator 

sits in a metal seat from a N&vy 40 mm, gun mount. Oil supplies,, valves, 

force cylinder, control column, output goer box, and miscellaneous fittings 

are mounted on machined pads welded to the top plate. Electronic equipment 

is mounted in an open relay rack separate from the base. 

In view of the high psuvora involved a 2000 pal .oil supply was 

decided on,, Flow requirements were determined from the constant power relaticn. 

2000 nsi where P -* max, press, 

Q, = max : flow 

F » max, fore© ~ 1000 pounds 

“ 30 cu in per oec V s max, velocity « 60 in/boo, 

is 1S00 cu in per minuto 

= JcS gallons per minute 

W0& 
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The mita pwchaasd ware Vickers 2“stagç- vsns pumita of 2000 ppí, 

maxi rom continuouo pressure mtiag and flow rating of 8 GPM , t 0 pel ¡and V fiK-i 

at 2000 poi -- Vickers #V-2305“C„ A pair of those ware ohfcaxnöci moucvted on a 

10 HP drive motor« 10 HP was an adequate rating for intermittent da'Jy wifi 

one pump at full load and the other idle .- 

Vorag cylinder 

A cylinder was available from another project« Th® cffectiva pinten 

area ia 2«33 SH" and the length of stroke adequate for any need,. 

Torque motor 

A Diehl 2~ph&30 servo motor Model fPPF-UÇ-Ç is ua«d a« a 

torque motor,. 

Hydraulic amplifier 

A stroke control assembly from a previous project was modified by 

removing all special linkages and limit stops,, 

Pressure control valves 

The pressure control valves are of special design.. An early rvadel 

1b discussed in 6295 Hepcrt #6, Tests on the valva actually used will he 

covered in a future report. 

Electronic; Equipment 

Summing amplifier 

' The summing amplifier is of a standard 6)295 design diccuasod In 

6295 Reports 22 and 29« Cathode follower input0 ,?»re used with variable 

potentiometers as the cathode resistors to obtain variable gain, Pivs inputs 

are used to provide for position, velocity, and acceleration inputs plus 

provision for strain gauge feedback and the insertion of an external signal 

for teot purposes,, 

A~C derivative circuit 

A parallel-T network tunad to reject bO epe is uaad,. The output 

ia amplified bafore insertion in ths summing circuit* Harmonic filters will 

os added if needed,, 

Strain gauge 

A Hugo resistance bridge type strain gavga it affixed to a tost 

section of the control, column,, The gauge does not maaeuro controller torque 

output hut rather controller torque output lese the inertia forces' due to that 

part of the system which lies between the gauge md the piston,, The major 

item excluded is ths gesar train, hut the errors oh oui d ho small. 
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roltfi, A pT0impli.f3.si* at age l*j -providad a«ar tile é: vnvpï to ya.-t)« tJ.V3B3! sismll 
Dignai» to a saío lovel, and a>i ÊJuplifior in the ol-íctrronl« ï;-n:-; •aRpllS'ion 
then, ¿'or the ouirmdng circuit a: for laeasaring pax'pcaén., 

Torquoi motor ainTÙiflar 

The amplifier ia providad with g paralle.’.^T input vhioh all ova the 
addition of con ai de rabia lead« I'ha purpose of adding '.sad is; not to improve 
the torque motor performanco ( slready fast enough for this ayi-t-fim) but to 
counteract the tima delay of the hydraulic amplifie':*,. Gain pcfcantiomf-tera ar; 
readily available for adjustment of amplifier proportional gain and lead time 
constant,. 

Tb.o output stags couslota of parallel puih-q>ull bLi*’» capable of 
delivering about 45 volt-amps roe to the i orque moto::'*. 

Output goar tx-a.ln 

The output gear tra'.n canal ate of four 20,000-ohm Í& wi ro-veund 
poteatiometsj's running at the name speed plus two tachometere running together 
at a. higher speed.. At present the train is de eigne« l for Kolltman #776-02 drug- 
cup motors used as tachometers, hut Arma #5-1 Induc tion Goner.;.tors will pro ball; 
ha used« Gear rati,os and speeds for the system are given belcr. 

Miriumm Speed 

GO in/.asy 

12 in/sec 

Quantity 

Lavor arm s 26 s’ Contre'11 handle ' 

Piston 

X 1 £G RPM Control Column 

X 6,35 

X 123.,4 

I37 RPM Potentiometers 

250O RPM Tacha met er ¡3 

The pérfermanes of the separate componentb of the Control Force 
Demonstrator are described in datai], in 6295 Heport #370 Equations are 
derived for component performex.o© and numerical values, given for all constants, 
Report #3S describes the stability and frequency rerpons® for the complete 
systom and diecussea possible rangos of operation. 
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