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HAVTRaDEVCEN 1205-6 

ABSTRACT 

This report presente the »lelyels end sij%}lificetion prooedw as that 
ere required to define and progrea the aetbainaticel aodel Tor the IC-lli2A 
aircraft in a fora which is suitable for ■echeniaetion and solution on a 
general purpose analog computer. This prograa will enable USNTDC to per¬ 
fora dynaaic siaulation studies for a V/STOL tilt-wing aircraft. 

Section II contains the confíete «alhenatical model of the XC-llo? 
with accompanying denoUtion and validation. 

In Section III, three sets of siaulation equations are presented. 
Thesa seta represent the coiplete six degrees of freedom equations, 
longitudinal mode equations, and latarai-directional mode equations. 

Section IV containe the mechanization functional block diagrams 
along with the patching and operating instructions required for their 
UÍ‘Í,1u*?t'ÍOn* 30°4,1°11 IV *1*0 specifies the analog couputer installation 
which is required to solve the mechanisations. 

The subsequent sections contain: a discussion of program limitations 
conclusions, and recoanendatlons. 
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Äepreduction of this publication in whole or in part is 
purmltted for any purpose of the United States Government. 



FOREWORD 

NAVTRADtVCEN Technical Report 1205-6 presenta the VIOL analysis 
required for derivation of sieulation equations for the XC-142 
tilt wing VIOL. An XC-142 math model is defined and presented in 
a form suitable for mechanization and solution on a general pur¬ 
pose analog computer. 

William E. McConnell 
Aerospace Engineer 
Naval Training Device Center 
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NAVTRADEVCW 120^-6 

SECTIGM I 

urmooucncM 

Th« atuty de$orib«d in thi« report i« «n «xtenaion of th« tilt-wing 
«ircräft lnr«»tig*tlon originally reported in NAVTRAESVCIH 120Ç-2. Th* 
puTDosa of thi« additional affort 1« to dafina a aathaaiatleal wodal for 
tha IC-llj2A aircraft in a form amenable to mechan iaation and aolution on 
a general purpoae analog computar. Thi« program can then be uaod to con¬ 
duct dynamic aimulation investigation for a V/STQL tilt-wing aircraft a« 
exemplified by the XC-lbZA. 

In the following sectiona are description« of the mathematical model, 
the simulation equations, and the mechanisation in functional flow charts 
along with patching and operating Instructions. 

Since flight characteristics are of prime importance, no attempt 
has been made to simulate system« or unusual environneital characteristics 
in this report. 

1 
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SECTION II 

MATHEMATICAL MODEL 

NAVTRADEVCEN Reports 1205-2 *nd 1205-3 > wïiich were prep tired by Helper, 
Inc , presented an unabridged mathematical model for the IC-1L2A aircraft 
which reflected data that was available at the time. Since the publi¬ 
cation of those reports, however, Ling-Temco-Vought (manufacturer of the 
IC-llj2A) further defined the aerodynamic coefficient data and Incorporated 
flexibility and Mach number effects Into their basic equations. As a 
result of these developments, it was necessary to modify the math model 
of the XC-li|2A, This modification effort involved data acquisition, data 
reduction, and data analysis and interpretation. Appendix A defines the 
symbols used In the following pages. 

A. Data Collection 

The unabridged mathematical model for the 10-11*2A is based on the new 
data obtained from Ling-Temco-Vought, which is presented as Appendix B. 
It represents the latest data available on the aerodynamic characteristics 
of the XC-II42A. figure 1 is a three-view arrangement of the XC-ll*2A and 
Table 1 lists some of the dimensional data of the aircraft. 

B. Data Reduction 

After compiling the manufacturers data (Appendix B), it was necessary 
to convert it to a form which could readily bo used by a general purpose 
analog computer. The majority of the aerodynamic variables vere presented 
in polynomial form Including some 5th degree terms. The conversion 
process entailed generating digital computer (SDS-920) programs which 
would solve L-T-V's mathematical expressions, defining the excursion 
limits of the particular variable Involved, plotting the digital computer 
outputs, fitting the resulting curves with straight line segments, and 
finally rewriting the equations as they would be expressed for analog 
computer simulation. Appendix C presents the individual functions both 
in graphic and tabulated form. Appendix D contains several typical 
digital conçmter (SDS-920) programs which were used to convert Ling-Temco- 
Vought data to the functions as presented In Appendix C, 

C. Data Analyses and Interpretation 

The following paragraphs are devoted to a term by term analysis of 
the various aerodynamic parameters and equations of motion. Included 
is a comparison of the equations as they appeared in 1205-2, in the 
new polynomial form and as they are converted to analog form. 

The equations of motion presented provide a continuous solution of 
the aerodynamic characteristics fort 

1. Aftward and lateral airspeeds to 100 ft/sec and forward 
airspeeds to 700 ft/sec. 

2. Altitude density variations from sea level to 25,000 ft. 
for standard day conditions. 

2 
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Figure 1. Three-View Arrangement 
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CHARACTWISTIC 

Nonul Orosa Weight 

OenUr of (Cavity (aft of the leading edge 
of the aean aerodynaaic chord (MAC)) 

Max Forward 

Max Aft 

VÜ* 

Total Area 

Span 

Aepect Ratio 

Dihedral Angle 

Airfoil Section 

Mean Aerodynamic Chord 

Trail gdtc Flape - Double alotted 

Maximum Deflection 

Deflection for take off (STOL) 

Deflection for landing (STCL) 

Leading Fdge Flape 

Deflection 

AUerona - Plain 

Maximum Deflection (wing up) 

Maximum Deflection (wing down) 

Horlaontal Stabilleer - All mowing 

Area 

Span 

Aspect Ratio 

VALP1 

37,1(711 pounds 

105 MAC 

285 MAC 

531(.37 ft2 

67.5 ft 

8.53 

-2.12° 

NACA 63-318 (Mod) 

8.072 ft 

60° 

1(0° 

60° 

87° 

163.5 ft2 

31.11( ft 

5.08 

Taole 1, XC-1L2A Physical Characteristics 
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CHARACTERISTIC 

HorlionUl SUbülgar - All «cnring (Cont'd) 

Dihedral Angle 

Airfoil Section (root) 

Airfoil Section (tip) 

Maxijmiin Deflection (leading edge up) 

Max l*um Deflection (leading edge down) 

Hinge Line, t of tall mean geometric chord 

Vertical Tall 

Area» Fin to rudder hinge 

Area* Rudder aft of hinge 

Aspect Ratio 

Airfoil Section (root) 

Airfoil Section (tip) 

Fuselage 

Length 

Length (including tall rotor) 

Outside Height 

Outside Width 

Maximum cross-sectional area 

Prqaellers 

Diameter 

Number of Blades 

Tall Rotor 

Diameter 

Number of Blades 

TALC! 

0° 

VACA 0015 

NACA 0012 

13% 

95 n2 
a.6 n2 

l.«7 

MACA 0018 

VACA 0012 

50 ft 

58.19 ft 

10.72 ft 

9.25 ft 

90 ft2 

15.695 ft 

I* 

8 ft 

3 

Table 1. 10-11,21 Physical Characteristics (Contad) 
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3. Gross weight and C.G. conditions with correaponding 
variation due to wing incidence. 

Included are: 

1. Mach effects 
I 

2. Airframe flexibility effects 

3. Control surface back-off due to aerodynamic leading and 
simulated P/C hinge moment limite. 

O 

1. Axis Systems 

In addition to the conventional axis ayateme (inertial, body, 
stability and wind) required to define the cumulative aerodynamic charac- 
terietica of the XC-lli2A tilt wing aircraft, tm> additional types of axis 
ayaterns must be ençloyed. The first type arises because the relative 
wind acting upon the wing may differ from the relative wind acting upon 
the fuselage. This phenomenon is caused by propeller inflow velocities. 
Therefore the need exists to define a wing stability axis system which 
will be used to amgmte wing angle of attack and velocity. These para- 
msters will be subsequently utilised to determine the aerodynamic forces 
created by the wing. Figure 2 shows the wing tilt angle (^) and the 
variable distances (xa#c> and that track the aerodynamic center 
(a.c.) of the wing as the wing is tilted through the angle i-. The aero¬ 
dynamic center of the wing as located in the x-s body axis plane is the 
origin of the wing stability axes. The wing stability axis system is 
analogous to the aircraft axis system but the x axes of the two systems 
axe in general not parallel to each other because the wing relative wind 
differs significantly from the fuselage relative wind. This is caused by 
the fact that the wing experiences in additional velocity caused by pro¬ 
peller inflow which does not affect the fuselage. The wing »tabiUty 
axis system has its origin translated by x4<c# and **,c. °* 
stability axis origin (which is located at aircraft c.g. nominally) as in 
Figure 2. 

The second type of axis system, the propeller axis system, is shown in 
Figure 3. The axis system is repeated for each main propeller, so that 
there are actually four main propeller axis systems. The propeller axis 
system will enable the development of the propeller thrust (Tn>» propeller 
torque (Q^ in terms of propeller power, a normal force (*£) perpendicular 
to T alox^ the propeller blade, and propeller moments (ïO and 

n <V- 
Further development of these propeller forces and moments will be 

considered in the discussion of aerodynamic effects. 

Before continuing, we will develop the aircraft body axes to inertial 
axes transformation. The matrices are: 

6 
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0 

Figure 2. Wirg Stability Axis System 
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Figvre 3. Propeller and Fuselage Angles 
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HI 

N2 ■ 

N3 

COS t cos 0 cos t sin 0 sin # 
- sin t coe # 

cos t sin 0 oos # 
♦ sin t «ln • 

sin t cos 0 ain t sin 0 sin # 
♦ COS t COB t 

sin t sin 0 coe # 
- cos t »in # 

- sin 0 cos 0 sin 0 cos 0 cos ♦ 

n 

X 12 

13 

I-r^hTi8#4"AtrÍ^8JK1 16 north> N2 18 •Mt »nd N3 dovn for tho loortUl 
«xts, and H ia X, X2 Is y and X3 is t for tho alrnraft bo^y axa». 

The Inertial to body «xis rates aret 

P ■ - ♦ sin 0 + ^ 
• « 

■ f cos 0 sin * ♦ 8 cos ♦ 
• . 

r • f cos 0 cos #-0 sin # 

(1.1) 

(1.2) 

(1.3) 

And conversely« 

* ■ p ♦ qx tan 0 sin # + r tan 0 cos ♦ 
e 

0 ■ qx cos * - r sin # 

- cob ♦ 
r 53T5 

ein ♦ 
coe õ 

(l.ll) 

(1.5) 

(1.6) 

2» Aerodynawlc Forces and Moments 

In order to develop expressions for X , Y , Z , 1 , M and N , 

Íí^1^rÍnCríIlb“U?í' fr* "•J“' ^trm c^pn.nt. of*th. XC-Úa 
thl wîÎÎ Îî1 be.consldep®d* The major components to be considered are^ 

Pf®1361181,8» th® vertical tail and rudder, the hort^ 

ba t0 eet th* t0U1 “^«1« tore* „d 

In the equations of motion of the basic aircraft th* int.rn.i 
effects due^to^th1 3l?e °f moment equations) include gyroscopic 
lií dll Í tí! ^ r0t\tin« ^38 of an *"*"»- The gyroscopic effects are due U the main engines and the tail rotor. Por the main 
we ave the following terms representing gyroscopic effect»« 

* 

( W CM S, - qj (¾) .In 1 lor H* term. 

9 
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♦ Pdrt) «li» ♦ r (I^j) ooa 1^ 

- (Ijfij) «ln (1^) ooa 

Pop tho tall rotor va harai 

+ qi hrPn 
O 

-^½½ 

for Nft Uro. 

for lA tara. 

for"]t tora. 

for Mê tara, 

for Iâ tara. 

Data r« calvad fro« L-T-V ah ova that I, aquala 1.352 alof-ft2 for four 
aoflnaa, and tha Inart la of main and tall propa and |aar bona vaa 
3.287 aluf-ft . Sine# thaaa gyroecople tama aro aMll in nr«.. i_u44W 
other tama, thv have boon delated fro« tha ataridfod «atba«atloal nodal. 

Tha aquatlona of notion without axpanalon of tha aarodfnaalo tan« aret 

XA ■ n(U + ^ - 7r) ♦ ng aln • 

■ ■(▼ + Or - Mp) - ng ooa 0 aln • 

■ «(W ♦ Vt> - Ugj) - ng ooa • ooa t 

lo ’ V * 1*m {'r * «!> * Í1,, * V V 

M. * ' l* (rî - t2) * - I„> pr 

"• ■ V * ^, (Í - v> * (IW - 1-¾ 

(2.1) 

(*.t) 

(Í.J) 

(2.U 

(Í.S) 

(2.6) 

. w '**.Är* nc,f roo8y to da val op tha aarodjmanle foroaa and f*» 

nUht* 0P* *” ,wllc*bl* for h0T»r1««. trm.ni« md omvm> 

*• Al** Plow Varlablea 

., Tha following air flow varlablea ara raouimrf .<> . 4 
th. m-.tlon for .tmd.rd dv condition.. t0 

■ Nach Number 
(2.7) 

ID 

4 *■ 
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O 
vhartt 

a ■ 1117.0 - ft/«ao ■ apaad of aouiid (2.6) 

a • 1117.0 - .OOOtjh ft/i 

lho air danolty (p) may ba axpreaaad aai 

p • .00230 - 6.783 x lO^h ♦ 6.188 x 10’13 h2 

Fraaatraam dynamic prcaaura la dafinad aa> 

(*.») 

(2.10) 

ah ara i 

„2 2 2 71 • u ♦ ▼ ♦ 

Tha al Ipatreaa dynamic praaaura (q ) la davalopad from tha mtawntiai 
aquation aa followatvl) * 

From tha momentum aquation va may vrlta 

• 9 67 . 
T • a_ A7_« - p d¿ (V ♦ —) ¿y 

p a«0 «■0 

vharai 

- maaa flow through propallar 

ÄVa-0 18 tha increment of alIpatreaa Telocity due to T at a*0. 
n 

Beerrang«ment glveai 

<w..o)2 
—!— * »(«..o) - 

t 
aol Ting the quadratic equation ylelda 

AV o»0 
-V ♦ y ♦ -II 

n 2 
PT D 

(1) NACA Rpt. TN-3307 

11 
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(*»,.0 ' v>? ■ 

This May be expressed In 

^ " qa-0 * qF 

terms of dyn«Blc pressure sst 

T T 

4 ' f D?' ’ qF " 

li 
where* T ■ £ T • T, ♦ T, ♦ T, ♦ T. 

n-1 n 1 2 3 « 

(2.11) 

(2.12) 

The above relationships have been derived for the condition of aa0 
of the model. The slipstream dynamic pressure (q ) would be expected 

9 

to be a function of angle of attack; however to Include these effects 
would needlessly complicate the presentation, since LTV has not included 
them in their math model. 

The slipstream mass ratio (--) is an indication of the Increased 

flow over the wing surface due to propeller wash. The slipstream ratio 
is presented in Appendix B as the following polynomial* 

- [1 - Kl cT(3 - - k3 0^5 J 

where* 1^-,15 Kj ■ *25 ^ * *20 

The slipstream mass ratio may be written for analog simulation as 
follows« 

m_ S 
(2.13) 

r 
b. Weight and Balance and Moswnt Arms 

The following are equations presented by Ling-Temco-Vought 
denoting the variables needed to find the c.g. positions and moment arms. 
LTV has established the equations by considering the wing and fuselage 
as separate components. Figure b shows the relationship of the moment 
arms. It should be noted that the reference planes are denoted horl- 
sontal and vertical to depict horizontal and vertical distances from them. 

12 
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Figure b. Relationship of Moaent km Coaffloiants 
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Input fro» Opratori 

1) WT, «IrplâiM gross Might 

^00» ^on8Itudlnsl C.O. location, vlng down 
In percent mean geometric chord 

ZCQ» v#rtlCÄl C.O. location, wing down, usa V.L. In Inchas 

Constantsi 

1) Wing weight (W^) - 11,729 lbs. 

2) Wing vertical 0.0. location (Z^) . 1^9 

3) Wing Longitudinal C.O. location (Xj^) . 265,28 in. 

h) Longitudinal distance to wing pivot point, 271|.50 in. 

5) Vertical distance to wing pivot point, 157,0 In. 

6) ?lIndU* fr<* ¥ing plvot t0 P1*0*»11«** hub for snglnss 

X • 50.33 in. 
Z • 19.50 In. 

Vj fr"wln8 piTot t0 prop#u#r hub tor “«l»« 

X • 68.02 In. 
Z • 13.10 In. 

Calculate» 

% ‘ ^'liS ♦ 96.86 

So " C.O. loo.tlco bu.d on a 
reference of station aero 

2) wp • WT - «i, —lb. 

«T 
m " 577Î —’ a^u€® 

vr 

Wy • fuselage gross Might 

\ - wing gross weight 
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■ y 

^ ^CQ " ¿ ^XC0 ” X¿cq í1 * y” )] ^ ln. 
T "x 

x'rco " lo5*ll»*ülnál C.O. of fuMltfo biMd on a 
roference of station ssro 

W w 

^ " SI ^zco " ^co “ W" ^ r T 

ZPCQ " ver^lcal C.O. of fusslags based on a 
reference of station sero 

SlV " longitudinal, fuselage C.O. location basad upon 
a reference at the wing pivot point 

4> ipiT ' ‘ s; f1*7-00 - J 'n»- n 

V 

7) W * - !?7i<-5° - *¿,¡3 ) (iy)~n. 

CPN " longitudinal, wing C.O. location based upon 
a reference at the wing pivot point 

8) (!?>—«• ■ 

Dpjy • vertical, fuselage C.O. location based 
upon a reference at the wing pivot point 

9) ** ■ BPIV * ~ ft. 

10) ''w • CPIV * ^ —ft. 

By and Fy locate the wing A.C. at 25 percent HOC 

(on the chord). 

H) Qj - cplv ♦ 2íy¿ —^ ft, 

Qj is the longitudinal distance fro« the wing C.O. 

to the propeller hub for engines one and four. 

15 
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12) 02 - Cpiv ♦ ~ ft. 

has the sane definition as but is for m§Inn 

two and three. 

13) Hj • 8pIy 

ie the vertical distance trm the vine C.O. to the 

prqjeller hut> for engines one and four. 

H) Hg ■ Bpjy ♦ ->-* ft. 

H2 has the sane definition as but la for 
engines two and three. 

XPIVOT ZPIV0T the distances fron the center of gravity to the 
elng pivot along the X and Z body axis respectively. 

*PIV0T " SlV + BPIV 8in K * CPIV coa ^ 

zpnoT " DPIV * BPIV C0S K " cpiv S» 

The equations for the moment arms fron the o.g. of the air craft In the 
body axes to the aerodynamic center (ac) of the ving in the X-e plie 

S, * (,W - X w - ‘„J « — s, 
'w * (,w - 8r> ^ S, 

The equations for the moment arms from the c.g. to the propeller hub 
. and * are* * n' n 

*1 ■ VW ’ °1cos s, 
x2 " *3 " ^PIV * ^2 008 * B2 8^n \i 

*1 ’ *L ■ DPXV • “l lw »4" 1. 

*2 " *3 * ^PIV * B2 003 Sf ” ®2 8^n Sr * 

l6 

*..C ’ Siv * *w 

‘..0. • DPIV * V cos 

\ ■ -77 

K. - 0 
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Th« «bore «quations have been prograiwned and «olTtd over the entire 
center of gravity and vlng Incidence angle excursion range# By plotting 
computer outputs the equations have been rewritten into analog fern ae'i 

C.Q. to Vlng Pivot 

Xpiv ■ (2.H) 

ZpIÏ -3.10 * .007 i^0' (2.15) 

C.O. to Wing A.C. 
1 

1,.c -(.6 * .1719 1,] * r(|H^) * 2-8Ä5 62 2(5¾) (2.16) 

--2.86-2(¾¾) I. (2.17) 

C.Q, to Propeller Hub 

*1 ■ \ ■ f(fe> * <*•«> 

*2 - *3 - «rfs» * «Sff1) (2.19) 

f(^) (2.20) 

i 
»2 " *3 • í(n?B) (2.il) 

yl " ~yh " "27,75 ^2,22) 

y2 ■ -y3 • -13.33 (2.23) 

c. Main Propeller 

There are four mutually aballar systems of axes used to 
describe forces and moments generated by the main propellers during 
hover and low aircraft velocities. An analysis which wan developed by 
Ling-Teaco-Vought (Appendix B) for the XC-l^A is adapted herein to 
describe main propeller forces and moments. The subscript n (n ■■ 1, 2, 
3, h) denotes the particular propeller. They are numbered left to right 
looking from the top—1 and 2 are port propellers) 3 and b are starboard 
propellers. The approach used to develop the required propeller equations 
la to consider first the propeller geometry, next state the atrodynealc 
coefficients and finally write expressions for the force and moamnt 
contributions of the main propellers. 

1? 
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(1) Main Propeller Oe am« try. From Pleure 5 the vi ni metor 
with respect to each propeller la formed as ■ u? ♦*** ♦ v** 

n n n n * 

For each propeller we define the Inflow angle, t , which la the ancle 
between the ur and Vn velocities. n * 

cos ^ 
n 

.2 . r2l 1/2 
Bin ♦ ‘“í * ’n> 

n 

location of the projected inflow vector in the disk ulano 1* 
defined as the angle between the velocities V ein* and w^ ^n1* 

n Tn n* 

* X~»ln I 

P 
COS ^ Hi 

(2.25) 

V sin * 
n Tn 

The velocity expressions V vn and wn wül now be developed. The 

origins of each propeller axis are located along a line oarallel to th* 
y-body axis at approximately the center of mass of eadh S£lU In 
each propeller the axis system origin is locaUd by ^dy 

“Í* !h.lch "^tiplied by the appropriate b^y angular 
velocity in order to give tangential velocity componente of u , T \nd w 

n* n n* 

“h " U* C0S Aw “ w* ain Sr " Fn 8in Sr 4 r eoB 

♦ Vn 3ln ‘v * «„ '■>* *») (2.26) 

■ V ♦ X r - s p 
n n nh (2.27) 

Mh.ret 

"n '006 ’i, * ‘w ’ yn (P »«• V ' r •*" 

- Vn CM - *n »1" 1») (2.28) 

u. * u coo - w nin A* 

w^ • w cos A* ♦ a sin Ay 

18 
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^ ^ CL » ^ “ *202 L L 

where A* la the angular change In propeller relatif» wind 
due to lift forces created by the wing. 

(2) Main Propeller Aeroc^maiaic Coefficients. The aero¬ 
dynamic coefficients presented for the main propellers follow those presented 
in Appendix B. First let us define the advance ratio (J ) for each main 
propeller and the advance ratio normal to the propeller disk 

607 
j • " and J' ■ J cos * (2.29) 

n N D n n n 
n 

3.81, Vn 3.81, un 
or» J ■ -j|- and • —g- 

n n 

The symbol N is the particular propeller RPM, the number 60 changes RPM 
to RPS, D lsnthe diameter of the propeller and Bn (Melpar notation) the 
blade pitch angle of the particular propeller. The aerodynamic coefficients 
are then developed in terms of advance ratio and blade pitch. 

u;)2 ♦ 
acT 

3T n 
(1205-2) 

This is expanded by LTV in Appendix B toi 

J’ n 2 
♦ 

CTj2p Pn * 

Vp3 

Since the data presents the coefficients as constants, CT may be written 
for analog simulation as follows! n 

J' 

f(Ä')1 ^1 + [f(R‘) Br 

J' 
f (pqj) ](1 ■ K^) 

(2.30) 

where: » 1 when B^ < .5235 Radians 

■. 0 when Bi > .5235 Radians 

19 
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('-Cp «rfCp d Cp 
FT Ji * 71 Bn • TBJ- 

♦ 
an* 

. B J' ?» n (1205-2) 

Thl* Is upandsd by LTV In Appendix B to» 

S " S 4 S Pn * S 2 Í ^ 2 (¾)2 nop p jf 

* V <J;>3 * cPj,2 (¾)2 >„ ♦ %if (¾)3 fB 

Sinos the data gives the coefficients as constants, Cp nay be written 

for analog slieulatlon as follow si 

\ " f(Ar) - f(p?Ty) (2.31) 

-, <?(CN cot ♦) 

' J8 1-TP-1 Vn ,ln +n UMS-Í) 

This is expanded by LTV 

«i.-'s j p 

in Appendix B to* 

♦ Si / J P. »1« "j p n n n n 

And since the data presents the coefficients 
written for analog simulation as follows» 

as constants, Cg Mgr be 
n 

Sn " 1 (2.32) 

^ ^(cy cot t) 

Cy • 75 t-571-1 Vn * ¿$1- • 
n 

<9(Cy cot) 

1-TV- 1 Vn aln +n (1205-2) 

20 
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Thl* la apandad by LTV In Appendix B toi 

°T_ ’ (CI. . * CT. .2 K 1 ■'n f, ♦, 
J ß J ß 

And alnoa the data presents the coefficients 
written for analog siwilatlon aa folloeai 

Constanta, C- 
xn 

mqr be 

B 

f( " (2.J3) 

wharat K2 • 1,0 whan n » 1 and 2 

K2 • -1.0 whan n ■ 3 an.1 L 

Ihla la expanded by LTV In Appendix B tot 

(1205-2) 

VV" 
vharat 

Jn - 0,5 ~’\m '°*93 Jn ' -0^3 Jj ~ ««WW (»„ - .209),) 

0.5 < Jn < l.o«^ . .01535 * .003625 (Jn - .05) - .01662(9,, - .209« 

Jn * 1,0 V ■ .0171925 - .01662 (9n - .2096) 

And since the data presents the coefficients 
Witten for analog simulation as follows» 

as constants, C|| My be 
» 

'«CTïï* * ) ♦„ (2.36) 

CTn 15 th* '«"‘»'»"t of thrust (?„), Cp Is th. ccfflount of pow us.d 

to oxpross torqu. (i^), 0, 1, the coefficient of nor»! thrust («*)- ths 

thrust c«ponsnt psrpendicuUr to „d c ^ UUrtí má 

longitudInsl hub mossnt coofflcloots thst'sppssr during ulng tilt. 

21 
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(3) Nain Propaller Fore« and Nonant ftqprat'iloM. Bafora 
axpraaaing tha força and «oaant contribution In bo^jr axaa dot to tha pro- 
pallara, tha individual propallar foroaa and lomta lavalopad in pro* 
pallar axaa ara atatad In taraa of tha ooafflolanta. 

0 

. I * 2 

"n - ^ <»;> 

< "n 2 
T„ ■ dS <r> 

2 

jS »2 
S. -rfr» 

0 

(^> Cr Po»< n 

O ’o"< 
o n 

o n 

P„ »,* 0 0 

(ß-\ c o B 2 
'o ' P po o ►'o n 

In thaaa aquatlona, Nq la tha naxinun KPN of tha propallara and pQ 

la tha air dansltf at aaa laval on a standard day. Using D * 15.625 ft. 
and No • 1232 RPM tha aquatlona Mgr ba writ tan as followi 

Tb • 2.SI3 X 107 p [jSjy) 0t^ (2.3S) 

* 7 *» 2 
*n * 2.513 X 10 p [<[^] Cjj (2.36) 

n 

N 2 
Tn ■ 3.9266 X 106p (j^y) Cj (2.37) 

n 

(8.38) 

(8.39) 

Thaaa aquatlona than enabla ua to «rita tha propallar foroa and ra»nt 
oontrlbutlona In aircraft body axaa. Obaarva that aach aquation is tub- 
acrlptad by n ao that aach propallar Individually influancaa tha foroaa 
and naaonta. 
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J 
p n-1 

u * C 
I (Tn cos - Nn cos Sn sln V 

UYa) 
ü # c 
I (-N* sin SJ 

(2.1i0) 

(2.1iD 
n-1 

(AZa) 

n-1 
(-T sin i - N cos ,'j cos i ) 

n w n n y' (2.h2) 

(ty -MUzj -(AZa) ]yi-((ûZa) .(AZ) j 
P2 

; (AMa) 

- [(AYa) ♦ (ATa) J t1 - [(AYa) ♦ (ATa) ] *2 

P1 P2 P3 

' ï (Yn cu> 8ln K * î (Mn ,in ^ n) ,lr \r 
n-1 n-1 

(2.1*3) 

4 2 Ve08 V ZPIV0T 4 1 V,lB V *P1V0Y PIVOT 
n-1 n-1 

whore 

- (nJ cos f ^ siîi * N* cos £ ^ sln 1^) 

4k C 4k £ 
- (Ng cos sln iw ♦ coa S3 V *2 

♦ (N* eos ^ cos ^ . N* CM ^ CM y Hj 

♦ (N* cos £2 008 iy 4 N* coe £3 cm y *j 

- î <I„ »1" í„> * l OV CM fn) 
n-1 n^l 

M- - 1.625 iT ♦ T ) ♦ 1.092(T, ♦ TJ 
1PIVOT 1 ** 2 3 

(2.1à) 
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(»".) •-[(«.) - (AI.) ) y, - [(a ) - (il.) J y 

P pl Ph p2 »J 

*[(«,) * (« ) } X, ♦ [(« ) .(»I.) I X, 

P1 Pl, P2 P3 

h £ li f 

■ *•! Tn CM 11 ^ ' ¿1 ,ln C0* ’w 

(i.bS) 

In «quations (2.1^0) through (2,145) th« l*tt«r p danotas tha affaota of tha 
■ain propallars and p aubscrlptad p where particular 
propallar. For example, In nthe term (AZ ) equals (-T sin i - 

f p , 'h 
N1 cos S 3 008 1,)• In order to batter appreciate these equations let us 
consider the aircraft In normal forward flight where tha propeller wind 
rector la parallel to the x-a plane (£n ■ 0) *nd there Is no tilt of U» 

wing (lv " 0). The equations (¿:.1j0) through (2.||5) then beooMi 

(AX.) • Z T 
a p n-1 n 

(AIâ) 

(AZâ) 

0 

li 
Z 

p n*»l 
(- »!) 

(i?,) * * (-»J ♦ «J) * (-N¡ ♦ H*) y2 

UH) ■ ♦ j I Z 
p TPIÏCrr n«V " PIÏ0r 

(MiO 

(i.liT) 

(2.1i8) 

(Î.W) 

(î.5°) 

.# * 

* <"ï ‘ "¡¡) * Í, 
n-1 

■ -(Ti ■ y*i - (t? - T,)y? - * ï 
n-1 

(Í.51) 

214 



NáVTRADEVCEN I2O5-6 

Equation (2.|j6) is the total thrust and (2,148) Is the total normal force 
due to the propellers. Equation (2.I49) is the rolling moment contribution 
which will be zero if outboard (n-1 and I4) and inboard (n-2 and 3) normal 
propeller forces are balanced; (2.50) is the pitching moment contribution; 
and (2.Ç1) is the turning moment contribution which will be negligible if 
the outboard (n*l and I4) and inboard (n-2 and 3) thrusts are balanced and 
^n * i ncrement'al propeller forces and moments equations (2.Ü0) 

through (2,145) will be included in the total aerodynamic forces and moments, 

d. Wing 

The calculation of wing aerodynamics forces and moments 
is complicated by the wing tilt during vertical end. transition flight. 
These forces and moments are developed In wing stability axes by first con¬ 
sidering the wing geometry and then defining wing aerodynamic coefficients 
in accord with Appendix B. 

(1) Wing Geometry. In wing stability axes there occurs 
an induced velocity (AV) due to the propeller wash across the wing. This 
gives the effect of increased lift. In order to describe the effect, 
a coefficient of thrust of the wing (C- _) is defined as a function to 
total aircraft velocity (V^). 1,0 

CT,S " ¿fS“" <2*52) 
’ *s p 

Where Sp .is the total di3k of the fou*’ propellers and q is the 
slipstream dynamic pressure, 8 

qs * (qF * T where qF “ 1/2/)vt (2.53) 
P 

0 

At low forward speed during transition and in hover, the effect of CT s 

is at a maximum and is dependent upon wing tilt and wing flap angle. ’ 

From the geometry ol Figure 5, the component of wing velocity is 

the sum of the two velocity vectors u^ and AV. The velocity u is the 

average of the individual propeller velocities, u^, u^, u^ and^u . The 

rigorous equation for up isi 

u « f £ u l/li 
p 1 N-l V'14 

which when expanded and simplified is: 

up . ut cos iu ■ lw . ^ q1((x1 . x?)cos lu - (x1 . x?)si„ iwl 

This expression has been simplified for the purposes of simulation to: 

Up = u cos iw - w sin iw (2,514) 

for the following reasons: 
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1. u represents an irte mediate calculation in resolving u 
P * 

(u^ - Up ♦ AV), thus removing to some degree the accuracy 

criteria for u^ 

2. LTV date, see page 110 of this report, indicates that the simpli¬ 
fication is allowable. 

3. From the rigorous expression for up, the quantity containing 
the rate term can be shown to be negligible in comparison to 
the fuselée velocity terms u^ and w^. Assuming a maximum value 
for q^^ which will generally occur at moderate speeds and for 
zero wing incidence, the maximum value for x^ and x^ are b.2 and 
0.6 respectively. Thus the total contribution of the r.ite term 
is approximately ¿4.9 ft/sec as opposed to characteristic values 
of 300 and 50 for and w^ respectively. 

I4. Normally At will attain its largest values at lew airspeeds, 
approximately .20 radians, and its smallest values at relatively 
high speeds, approximately .020 radians. Consequently, only 
small errors result in the assumption that u^~ u and w^x^w 

and then only near the flight stall region. In addition, in 
those flight regimes where At is large,propeller thrust is also 
very large, which yield substantial values of AV, approximately 
100 ft/sec for 0051 thrust. Therefore, the error arising in 
u from the assumpti' .1 that u *g,u and w ^w is masked by the 

W T T 

fact that Up repretents a fraction of the total wing velocity. 

The lateral wing velocity v^ is equal to the lateral body velocity, v, 
since we are concerned with wing stability oxes. The vertical velocity of 
the wing as defined in the wing stability axis system is w and is 
described by the fuselage velocities u and w rotated through the angle 

w * u sin i w cos i 
WWW 

The total velocity (V ) in the wmg axis is then? 
• w 

V » [w ^ ♦ 'vu ♦ AV)^ ♦ v I? 
w 1 w r w 

whore v s v 
w 

(2.00) 

a # 

I 
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Q 

Fleure 5. Wing Axes 
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Th? expresión for induced velocity (AV) is defined fro« momenta« 
theopr. AV is siailar to the mean inflow velocity (V, ) developed 
for helicopter inflow aritlyala, ^HEAM 

1/2 

AV - -u ♦ (u 2 ♦ 4L ) 
P P PS 

p 

Rearranging we have« 

♦ AV) 
1/2 

Now substituting equation (2.5U) for u 

“w-f 
2T 

(u cos i - 
w 

w sin V2] 1/2 (2.56) 

Proa the foregoing the wing angle of attack (a ), and the wing sideslip 
angle (pw) can be stated as* w * « 

tan-1 (• -rsr -) ■ sin 
-1 

(2-57) 

• cos 
-1 u 

ZJTTT) ™ 

with the sign of a as positive down from plus x . 
w w 

(2.58) 

2. For example, see Airplane Aerodynamics. Doranasch et.al. 
3. NAVTRADEVCEN 1205T, Section 3. - 
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♦ V,. 4 i. Ving Coefricients. In ord*r to Aiv»iors 

aa in ^dCli8BandS^nih9 “ro<Î3rn",lc ‘50«"ici.int8 will bfctofíSed 

(pw) and the wing turning rate (rj the following equations. 

Pw • P cos ^ - r sin ^ 

% ’ '’l 

rw - p sin/j ♦ r cos 

(2.59) 

(2.60) 

(2,61) 

Th. aerod/nami co.mci.nts of th. .lng .« c¡>> ^ )> (c , ,n<i 

'V- ^ "ere defl™d “ 1« «cord.«, with their ir.lop..rt 
in 1205-2. 

CL • C ♦ , ., 
"D CD0 ÜBT * ¿zr • «f * 

cy® r 

^2Cr 

. 62F 

Th. .tren, n.p d.p,„d.„c. (6JF) in th, c, «pr.„lon .ho«, i. du. t0 th 

importance of flap during transition (low speed domain). 

CL " iCL + S • 6F ♦ CT . a ♦ ^ .- 

m Lift due to mass flow increase 
w 

(C/ ) - c . • P„ * 5/ . 6A 
Pp '6A 

(C ) • C 

Pr 

* V • 

r <90 
(Cm ) “ C + \ m J5P • 6F * TT C 

?V mq 
1 

ß„ 4 C . fiA ♦ x^.. c _ . b 
V "«A ^ \ -pw JT c„. • rM 
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Appendix B expanda the above equations toi 

<4, • [c^ (1 - Í.2S Ct>s . 1.2S 0T(S2) ♦ 

(\ * \f •s,) * V w 

* \r> 8p2) 8,1 '«W», f^wiHo 
Í1KX MACH 

°l' - 
°i Î» 

^ * der *S 2 
o Ü6F D6FZ 

c_ * C ♦ ° 6F ♦ C Î-4- 
V "o "fcr \ 2 V 

°/ *|c/. *c4 <0*0/ (-1 - VI »" 
p° \ ^ 

? 5"1 trWp ♦ (¾ <i I»*1) 

♦ [AG^] ^ . (r]6A [PjflA B/o ♦ ÍAq¿] 
AT 

\"\2 (G¿’>‘ + Cn (¾1) ^ ^c, 
,H V 2 

PC, 
V 

t r" 
^ * '“At ‘ t“)«* [f)64 nEI . tF)w B/0 

Mheret 

l,Jn,n ’ 1 * -000177 1« 
PR CP 
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iFJwujo « 1 ♦ .000312 qa 

FUZ 

ÍFj^o " 1 " •WMl ♦ .75W4 
MACH 

|fJ6» na ' 1 ' -0010^ o, 

[,16A B/0 * 1 ‘ ^001^ S * -OOOOOOBO a 2 

t^J4T ■[.01,0^3..oecT>s*..wct>sí)c; 

^n^AT " [-.°60 cT>s? ' -U0 cTjS3) 

AT 
TT í!l1tiL3 

tt 

AT indlcâUa that these terms ere Included to account for the 
difference between wind tunnel test results and calculated reaulta, 

‘“¿'i* • ''ftk StlT ‘ C/612 l6*lTÍellT 

’ 0L ^ ^ ‘ (^)2 ^ 

' i %A * CV|S^ - ^ ^ 6AHT ^ 

* Vc, ^ C¿ j 
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ÍACn^A fC ♦ C 
ÔA n6A CL ^ C„ c; C 

6A Cj C, L 
7 

ÔALT 

r,s 

fCn 4 C C," 
nÔA n6A ^ 

♦ C ,• X 2 

n6‘ °l CT,S ^ CT,S * °n6* C,,' 0T(S <0Í CI,S)S1M 

followsi ̂ ‘,,n* C°'fflCl,"la ^ for .„.lo* .ta«l.tl0l, 

^ ‘ '^'Bíí1 * f<^> “w ‘ «&>] «&) f(3^) 

C, 

W-3,J 

=1. * °i 

«D * .01,975 0L2 . f(«L) 

0, • -.06 - .5157 sr - 1,.613 Ji. 

(2.62) 

(2.63) 

(2.61,) 

(2.65) 

'l. " í-0367 ‘ ,057} \ ' K - t1*-18« f(^) 

* [8-U75 \ r i * f«7í61 f(^) . («,)„ (7.66) 

\ ‘ ^°29 (\>2 P. - J-28125 0L ^ - .5906 0, J! 
w V w * 

r 
M r 

W V 

(2.67) 

• * 
tfr 

■
M

lH
H

B
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wfatret 

[AC^) AT 

CT - (T, ♦ T?) - (T. ♦ T.) 
Cl t-Tr —^ 

" f(ÄI) ci [ 

♦ T2) - (T. ♦ T ) 

-~Tr —^ ) 

[AC7]6a - .126 [6^ . 6^] 

{Acn]eA - (.007736 - .01516 CL ](6ALT - 6^] 

(2.6«) 

(2.69) 

(2.70) 

(2.71) 

J 

(3) Wing Force and Nouent Expressions. Before writing 
the force and monent expressions for the wing, equations (2.63) through 
(2.67) will be transfonaed to the aircraft body axes throu^i the angle 7J 

The body axes wing coefficients are them 

(cx) ■ -¾ cosTj - sin JJ 

(0) -0 
7 w 

(C„) - CD sln7| - Cl coefj 

(tl|) ■ (Cy ) coaTJ ♦ (Cn ) sln/J 

(c->w ■( V 4 '^r - X^r <c.> 

(2.72) 

(2.73) 

(2.71,) 

(2.75) 

(2.76) 

(Cn) --(0^ ) sln/J ♦ (C ) cos7| (2.77) 

X and t are the respective distances fron the c.g. of the aircraft In 
ac ac 

body axes to the aerodynamic center (ac) of the wing In the x-s plane, 
c Is the mean aerodynamic chord. 

The wing force and monent contributions to the total force and moment 
equations for analog simulation aro as follows’ 

C C 
(AXft) “ (Cx> S(q9] f(-jjy)" 531,.37 (C^) f(ß^f-) qs (2.78) 
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• 531^.3? <Ct) tljjg) ,§ 

U7.). ■ (c7>w “t«,,) «pf5) 

(«., . (CJ cSt,,] f(^) 

(4N.)1, ■ <c„)¥ «(,,] ft^f) 

■ 3M9.97S (Crj) 

- UU.US (O,) f(íjif) ,, 

• 34069.975 (0^ 7(¾) ,, 

(2.79) 

(2.80) 

(2.81) 

(2.82) 

2:“' *" fore. „d raint oa..., 
,V^.S q.J ls th* pr...«r. t.rm lneorpor»tln* th. 

t*>. »in«. cÍmÍS.“^ h¡^ÜSídJrtJ¡®4£^2t*!¡J »uh «rot 

“*turn,doif (t■ °>- "•»9.■ ,FTil 

tfù ^tTÄ l.^ÍT^h {iM) «V niiht. 1 would b* •«Pactad to occur ln unpovered 

for Tartlet u*i (^mf ^.*.q ”Uidi*"r- /f"** «»Mt. 
M»lMt th. v,rtic*l t.U mrf«,s^K¡!.ír^.T r,lt*1*» «i«* («.hta* 
77.1. pro^c . .td. forc., tVXlr:1- 

‘ -Ä- V ^r-ld- 

âí:s xx'TT0’^'^101™ - “*rSr.«i=rt 
y X n 

h 
4, - ♦ c 
r y, 6R 

6R 
(1205-2)- 

Pp * Pö 
■6R 

6R ♦ fc / ï* + c. p] (1205-2) 

h * 
6R 

6R p ♦ C rj (1205-2) 

*: *■ 

« » 
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Appendix B Includes Mach number and flexibility affecte by use of 
the following terme* ' 

^JpVT ^18 flexibility effect of the vertical tall, 

FLEX 

^-3 flexibility effect oí the rudder, 

FLEX 

[F]yT term corrects for velocity effects, and 

MACH 

[F] 

[F] 

pVT 
FLEX 

VT 
MACH 

is the flexibility term of the vertical tail due to 
rolling rate 

(1 ♦ .2« HJ2) 

fF] 
PVT 
FLEX 

(1 - .0001(06 qF) 

[F]6R - (1 - .000Ç16 qF) 

FLEX 

fr]pVT ‘ (1 " • o00^ qF) 
FLEX 

expanda the Cy term for vertical tail and rudder in the following form. 

AC 

y ' / K ‘"S," ' (C^6R * %Rfi V “OUT 'r)iR 
P FLEX 

♦ C 

FLEX 

yr - % tn pVT ; 
FLEX 1 MACH 

Rewriting the Cy equations for analog simulation 

Cy ' f- Pp tr,BVT * -235 6^tt m pVT 
FLEX 

OUT l* J6R LÍF) 

FLEX 
VT 
MACH 

(2.83) 

Where Pv , since LT7 has assumed that the sidewash angle is 
ner;lifTible. 
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Appendix B gives the term due to vertical tail and rudder aat 

4C£ ' \c¿ K IV * ‘ %SR P,) «o« I'’« 
p HBX 6R 6apr nu 

* ?“ ï lRl 
r pVT V ^r^VT 

nn MACH 

Rewriting this equation for analog simulation! 

C? " j .091i6 P, ÍF) vT ♦l.Ulf lF]ßVT 
nsx B nn 

♦ .039 ÔRqjjj, [F]6r n¡x 1 ÍFJvt 

J MACH 

(2.8Ü) 

Assuming ßv • ßj, 

Appendix B expands the C term due to vertical tall and rudder 
effeote aet n 

AC. 
\ K ''’t" * ‘S* * C°6R. Pï> tr'«* FLEX P 

♦ C 
n ? V ^^ßVT * Cn ? Ç ^^PVT 

FLa p FLU 

rr) VT 
MACH 

where! 6R 
OUT ■ I6*» * 

/0 

Note! Maxlmisn rudder pedal deflection is limited in accordance with 
the following equation. 

or! 

6R 
Di LIMIT 

VoiH •M. * CHp ßy qF SR cR] - H.M. qF SR cR 

KB/0 CH6r qF SR CR 

SR - 22.fll ft2 

cR * 2.6Ö ft 

Vo ' Tir 
36 
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H.M. 

S/O [CH6R 6RIW ^ CHb Pr] 6R 

KB/0 ’ CH6R qF ÔR °R 

LlalUd to 
♦ 1200 ft-lbs. 

wherei 

cH - [-.573) 
ÔR 

m < .15 

• Í-.573 - .535 (m - .15)) for m > .15 
radien 

O. ■ .12I4 (1 ♦ .926 Ml3] ^ par radUn 

Rewriting the Cn equation for analog siMulatiom 

Cn - [(.»u P, - 1..6575 r ) filfvT - .0831 «OB, I8)m 
8 rist fut 

♦ 33.75 7 f(^) tr)m I. tr]w (2.85) 
fib moi 

where1 

IF] 
pVT 
Fill 

[F] 6R 
FLEX 

[F] 
PVT 
FLEX 

IT) VT 
MACH 

4* 

qF 

qF 
• f(y 

«OUT 

H.M. ■ 

• '«i« * i 

29350 q.(CH . 6R-, ♦ cu . ß) 
F H6R ^ HB 

I48O.II8 - qF CH 
f»R 

Halted to 
♦ 1200 ft-lbs. 
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\r ' f(V^ 
V 

P T 

6R 
IN LIMIT 

r?9:i;o tcH6a »"a * cHb P, ) 

I48O.II8 - c q 
M6R F 

J** forcas and moments for the vertical tall can then be expressed 
in the following equations« 

<«.) -o s,, (¾ 
* Vt 7 q 

(A^J) -C7bSq 
vt ^ 

■ Cn ^ f-T-’ 

Here q Is the dynamic pressure and q is the vertical tail dymalc 
pressure. vt ^ 

*vl 
In Appendix B ~ is written as ny and is assumed equal to 1.0, the 

equations may then be written as follows* 

(AT.) - 5314.37 q C 
vt y 

(A7J - 36069.975 q C7 
vt 1 

(AN ) - 36069.975 q C 
* vt n 

(2.86) 

(2.87) 

(2.88) 

fS«ea°wd Ü^eits86 n,°,nentS 1,111 ^ lj,clud«d in the toUl aerodynamic 

mrmmnt* tK ^ Stab^li2fJ ^ «quations for forces and 
moments for the horuortal stabiliaer fhs) as presented in Appendix B 

presented Wldely fr™' th°3e of only the new equations are 

<) 

4 » 
I < I 
% W 

36 
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U» dflfIra 

^ilOID 'lW+ai'é* ‘k*'*« % ï 

’"'•r*1 ’ ^-3 ' *p:nr 

lè ■ f ^<fl °L ^r,wnio ^'wiho • ? ' 13 V 1 ■ CT,S 413 
aWIMO PUI MACH 

4 f<et,s) cos s.4 573; iç ‘"ï4 "j» 

vharet 

("î ♦ N* ) • [B 11 ♦ (^) j7, ^ Vl - eTiS ) coa 1¥ 

CE 

“VflNQ 

J‘Sf, * (J¿) <16•5S7, pN?4 t0HJf * v»W3),5f3 

(16.557) p j 

J t. 

Hers at la the «ngle of attack of the tall, la the angle of attack of 

the fuaelage, 1^ la the angle of incidence of the tall and 6 la the down- 

wash angle. 

In accord with Appendix B we have 

^ " f 1 ^ * Si * “F " a" * ^ PROPS 

wheret 
# # 

2(N ♦ N ) 

PROPS ’ f(CT,S) ^CT,S ° ^ q :> ^ 
* * *P 

f(CT,S) 

for the IC-11j2A. 
39 
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Ir order to account for flexibility effects in a , Appendix B 
gives the following equation for q 

'FLEX 

L\ ( ZF.>1 
- tr1! '1 

'void 

r at ’ —if 
rIQID ns "t 

-1¾, 
_3_ 

A<x» . Ao Att. 

1 • 'hr1 H«t * \ ((Ç [í¡- 1 - J 

where« - airplane gross weight 

Ha " Ch ®h qF Sh [r] t a. UHT 
MACH 

ch • 5.U Sh - 163.5 ft\ Ch - -¿Bl/rad 

Za, ■ - °1 ä’r [f)uht 
MACH 

irW "ix " ^0706 m 4 ^33 ^ 
MACH 

(ÎF ) • [(AF ) * (AF ) + (AF ) ♦ (AF ) ] 
1 B WINO * PROPS * FOS 1 TR 

lr~ 1 ’ -00288 * i»-6 îëir I 

Aa Aa. 
i - -.00212 sec2, ] • 11.5 » 10*7 îf^ if: 

The lift (CL ) and drag (CD ) coefficients of the tail can then be 
^ t 

expressed in the following relations« 

°L. ■ \ ■ at__ IFW 
*■ “t HACK 

S • ^ * (CL ' \ 
t ot t 

where« = ,299 

hO 

4 » 
4W 

4» 
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Thea« equations arc rewritten for analog « Inul at ton aa> 

a " ♦ (2li.3 - lpT~)(r *—j) 
Frigid 'tiioiii ' m TT i* 

é - .079 ♦ 1M * a, - aw . (¢¢1,,,,0,3 ♦ .0591, 

whare* 
Ng ♦ n! 

[a61props • f(üBf?T) icT,s \ 4 IBjVrqJ 

Vk ’ 11 • '\ioid - ^ (l 

.00212 4X ] 

ÏF - (AZa) ♦ (AZ ) ♦ (AZ ) 
1 p w f 

) 
• [(.3397 f(yrç) . f(y3[) . ff-Jíf-] * D 4 

a 
-,CT.S , r„CT.S , , . .0026 d(*2 * "j* , 
'(mz' CM S» * t— —jsr~1 

S«F 

wheret 

<9(N* 4N*) 

— ® f(DflTi|) C09 S, 

cm N2 
ãínT 

3 
* siir* 

C. - l.lljó a, 
Lt TLEX 

(1 - .0706 m * .5235 Mi ) 

J 

% - .002hli ♦ .299 (CT )‘ 
Lt 

lhe horizontal stabilizer (hs) ran contribute forces in the : 
directions, and a pitching moment. The equations are as follows! 

U1 

(2.89) 

(2.90) 

(2.91) 

(2.92) 

(2.93) 

(2.9b) 

(2.9$) 

(2.96) 

(2.97) 

: and z 



NAVTRADEVCFH 1205-6 

(AX ). ■ - (C- cos (1 
' s'hs 1 Dt 

(2.96) 

) ♦ C. cos ( 1. - a. ) ] 
i Lt rIOID rigid RIGID 

(2.99) 

(‘Vh. • • • % * (4Vh. • (2.100) 

h,^ • 7.5 ft. 

^hs " " XPIV 

is disUncs fron sircrsft c.g. to the ssrodjmanlo osntsr (».o») 

of the horlsontsl stsbilifsr and h^s Is the height of a.e. sbo?s the c.g. 

Both ^h8 end hhi are measured in the x-s plane of the aircraft body «••• 

3 Is the wing area, p Is the air density, c is the naan aerodynanic chord 
aiui the angle (1. - a ) 1« used to transfer* and C. to body 
axes. 'RIGID 'RIGID t "t 

(AI4)h , (AZa)hs and UMa)h9 will be Included In the total aerodynamic 

forces and moments. 

g. Tail Rotor. The Z force (AZ^^ and the pitching 

moment (AM )_ developed at the tail will be obtained by finding a tail 

rotor advance ratio (^). from the tail rotor thrust coefficient 

(C. ) and tail rotor power coefficient (Cp ) will be found. In turn, 
*TR ktr 

the tail rotor thrust (T^) and torque (Q,^) is obUined and consequently 

^a^TR âná ^a^TR* TTR 18 roa1tive in the -s d^«ction. 

We define the total tail rotor velocity (V^) as: 

I 
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Here vrai »rd are defined as« 

• u cos é ♦ w sin é 

''m-’'- £THr 

TR * ' ^TR4! * u 3lné •* w coa ér (2.101) 

is the distance from the center of the tall rotor hub to the aircraft 

c.g. and U)^ locates the tail rotor with respect to the aircraft body 
axes. 

(f)ra ■ cos -1 WTR 

TR 

stabilizer^01" d0Wnwash angltí and 13 defined *°r the horiaontal 

The advance ratio for the tall rotor is 

60 V 
'TR TR 6o(-"tr> 

°r JÍH - CT TR TR or 

-7.5 », m 

where NTR Is the RPM and the diameter of the tail rotor. 

We now define (C ) and (C ) as is done in 1205-2. 
TO TR • 

^CT. 
CTm„ “ CT^ (BTr) + 3JI 

TR 

TR ‘TR 

2 

'p™ ' 1¾ 

TR 

Here is the collective pitch of the tall -otor blades. 

(2.102) 

Appendix B expands these equations to: 

CT - *10677 . 7.697 . 7.872 (, 3 

’ -1773 IPtr3I Ptb - -'‘O TR 

Ü3 
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Cp - 1.06h (ß )2 
PTR ™ 

Th«s« equal ions may be writ Un for analog simulation as, 

=1,, ■ «npr' - =-1 '"t» 

f(nrr) 

(2.103) 

(2.10b) 

Ths thrust (TTR) and torqus (Q^) of the tail rotor is> 

These equations are presented in Appendix B as, 

Tl* " 6*U*8 X 106 p r 
TP 

«I» ■ o-206 *10Ä p ¡m* S« 
TP 

(1205-2) 

(1205-2) 

This may be written for analog simulation ast 

N_ , 
^TR " ^-^1378 p f(eor ) C- x 10 

J TR 

N 
Qto • l.bbôó p (flpî-) Cp x 106 

J rTR 

(2.105) 

(2.106) 

Consequently the force and moment terms can be written directly. 

) - 
TR (2.107) 

* ‘ ^'ne Í32.08 - xm) (2.106) 

uu 
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(ÄI,«) " Sr 
* TR ^ (2.109) 

total Mrodynaalc farota «ad aoaanta. 

da häv» for the forcea 

(AX ) ■ " y p vf S (V • • c • d 

Cp la the equilibrium drag coafflolant. 
o 

(AT) •♦ipV^ SC fl 
•r r*T 3 % • f ■ HT 

^/~T~ 
o , -1 V -1 V U ♦ ßf " a in . 2 oa "I —r- 

VB B 

ÎT •11 * “l CT,S * Vt.»* 4 S “t.S3 > 

*1 

‘2 

s 

1.6 

-1.1, 
0 

\ 11 fwM '•••I-ct to . ch«*^ .«..Up 

(AZ4) • - y pV^ S . Oy 

F ‘V 

“r * t*»’1 —^ 
(u ♦ WZ) 1/2 

^ ie the Change In lift coefficient with rtrying «*1. of atUck. 

TTila la aleo kncvn as the lift curve slope. 

We have for the mcanontst 

Ul) -0 
• 7 

US 
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(AMJ -y pvj S c (C^ ♦ . Oy) 
F o Oy 

C 1« th* Mrotfcrawlc pitching aownt oo*ffioirat la «qalllfertai flicht 
"o 

O 1* th* longitudinal atatlo atabilltj dtrlntl**. 
«r 

(*»â)F-yP^. SbOBf ,tt. 

c 1* th* «tat 1c directional or "matharoock" darlvatla*. 
"»f 

Um fUMlag* foro** ard «oaanta ar* writ Un for analcc alan? at Ion aa 
fOllOMBI 

(AIt)^ - -(11.006 ♦ 25.115 q 

<4Iá) • -306.2 f(^4) » , 

(ál ) ■ -183.623 «# q 
af f 

(ál^)^ - (17.251, ♦ 336|,.1|8 «f) q 

(*,) • -k7Û.ÎJ7 7(¾¾.) 

Ij • 1.0 If landing (Mr dawn 

• 0 if landing g*ar 

In th* abov* *xpr***lon* q • ypT* which la th* fr** atra« drnaslc 

pr*aaur* (q)f b la th* wing «pan, 0 la th* Man mrotynmia chord and 
8 la th* wing ar*a. 

3. Tot Analrala 

During th* proo**a of reducing L-T-F data» a oaroful analrsla 
waa Md* of each Ur*. Aaid* fro* th* «quation •iapllfloitlMi darlv*d 
frea oonrortlng th* a*rodyn**ic cooffloiant »quation to fanetian-tcpa 
aaspreaaiona, only th* gyroacopic Ur*a of th* *ngln* and tall rotor Mr* 
d*l*Ud fro* th* rigoroua-*quatlona. 

In pursuing the prbbla* further, an attca^t waa *ada to juatlft th* 
•lialnatlon of th* Ur* At (propeller paraaeUr). On th* aurfao*. It 
a****d a raaaonabl* aaatnptlcn. To d*Ur*ln* th* *ff*ot of thla tarn» a 
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digitAl program was developed for the SDS 9?0 computer. The prograa vas 
designed to determine level flight aircraft trim requirements over a 
fairly broad spectrum of speed and altitude. Initially, the programs used 
the rigorous equation to generate trim requirements. Next the rigorous 
equations were modified such that A<|r was defined as sero. Comparison 
of the computer output for rigorous and modified equation shoes conclusively 
that the term, is not negligible. It has a significant influence on 
propeller pitching moment. In tests near the stall regime tail incidence 
angle differed by as much as two (2) degrees from the rigorous results. 
In addition, wing angle of attack differed by as much as one-half (O.5) 
degree. 

TTte advantage of eliminating these variable (Af) is the reduction of 
computer hardware by one position servo and at least two resolvers. Since 
the term could not be neglected completely, it was decided to test the 
validity of making a small angle assumption of AI. The rigorous equations 
were modified by defining cos A* = 1.0 and sin At •=. .202 C. . Com- 

LA.C. 
parison of the results produced by the rigorous equations with those 
wherein the small angle assumption of Af was made demonstrated that, even 
under exaggerated flight conditions, there was less than a 0.28 degree 
difference in tail incidence angle and less than O.I6 degree difference 
in wing angle of attack. Figur« 5 through 10 illustrate these test 
results. 

Although A\f could not be eliminated completely, the advantages 
derived from the small angle assumption justification do result in a 
significant savings in terms of analog mechanization. 

>i7 
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SECTION III 

SIMULATION EQUATIONS 

Hating reducad Ling-Temco-Vought data to a form alienable to analog 
conputer machanlaation, the next task to be performed was to specify the 
requirements of an analog computer which would allow static and dynanic 
testing of individual mathematical model terms, A computer arrangement 
which would permit the testing of all six degrees of freedcm was the goal 
to be achieved. Unfortunately, the complexity of this type aircraft de¬ 
mands a component arrangement which re resents a very large general pur¬ 
pose computer installation. Conseque .t1 y, the next step became one of 
deciding how the mathematical model could be partitioned to reduce com¬ 
ponent requirements without Jeopardising the validity of results estab¬ 
lished in a term-by-term analysis of the mathematical model. 

Melpar decided (based on the purpose of the computer) that the 
IC-llj2A mathematical model could be broken down into two secondary mathe¬ 
matical models. One which would rigorously define the longitudinal char¬ 
acteristics of the aircraft, while the other would demonstrate the 
lateral-directional properties of the aircraft under predetermined 
longitudinal constraints. 

It should be noted here, that any breakdown of the rigorous mathe¬ 
matical model into an arrangement representing less than six degrees of 
freedom is made at the sacrifice of certain static and dynamic properties 
(depending on the type of breakdown selected). The breakdown described 
in the previous paragraph represents a best choice, insofar as a minimum 
sacrif ice of static and dynamic interplay is involved. 

Another basis by which the mathematical model could be simplified is 
that of using only those elements required to perform specific tests 

such as« Level flight tests, Rate of climb tests, Maximum acceleration 
and deceleration tests, Rudder effectiveness tests, Aileron effectiveness 
test, Static lateral tests, etc, A breakdown of this nature, however, 
would be incompatible with the purpose for which the simulation is to be 
designed. It is evident that few dynamic properties of the mathematical 
model could be tested in such a configuration, no interplay between the 
longitudinal and lateral terms would be accounted for, and terms which might 
appear to be negligible during one test might have a significant effect 
in another type of test. 

The following table presents the three mathematical models that were 
flow diagrammed in functional form. 
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SECTION IV 

COM»™ 

A. Introduction 

(too of tho principio purpoooa of tho otudjr woo tho «poolfiootian of 
tho roqulrnaonto which « gonorol purpoto analog ooqputor Mat Mot for 
programing a nathoutical nodal of tho XD-l^A aircraft. Tho oomutor 
noodad to oouhanlaa tha nathamtical nodal aa praaontod fcy LTV would ro- 
qulra a nary largo gonaral purpoaa analog ccanutar. To ainulata tha 
fU^t control ayatan, LTV a conputar conplax conaiatad of approxinataly 

wit*» n digital conputar. Conaaquantly, LTV a 
■athanatioal nodal baaad on polynonial approxlmtiona waa convartad to a 
nora praotioal foi-ni Miaroin tha aquation* t¿a praaontod in tarm of r.on- 
linaar otraight lina fuñotlona. 

—or?!r hff1* for Producing tha racomandad flow oharta to 
naohanlaa tha abridgad "athanatioal nodala pra?antad in thia raport, tha 
following rulao wara aatabliahoda ’ 

!• Tha computar will ba a d-c analog conputar 
(for high raaolution and accuracy)• 

2. Poaition aanro-naohanlam will ba avallabla. 

3. It will ba poaaibla to connoct at laaat two (2) potantionatara 
in aarlaa without looa of coaipuUttonal accuracy. 

li. Each awning a^lifiar will ba oapabla of handling! 

3 unit} gain inputa 
2 tan gain inputa 
2 flan gain inputa 

5. Dioda function ganaratora will ba avallabla. 

6. Coayonanta capabla of ganaratlng tha alna and coaina of amlaa 
will ba avallabla. ^ 

a» ^ 3 ^ ^ ^ conputar inatallation, 
in place1 oftRul*°3 ^ pr®8#nt*d in##rta laolatlon amplifiers 

Thraa functional achenatica or flow charts ara offered to deecribe riizrsríi th® K-I^A «athenaucal nodal. Functional 
which 1,111 provid* «porinanution in tha 

ihîS fllf‘ ‘ Functional B shows tha conputar rwqulrenents 
n^ nïP^iàêln ^ l^ral-oirecttonal node of 
n *"“• factional C shows tha conputar requirements which will nrovide 
axparinantation in all six degrees of freedoei. 
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In addition, Functional D ia presentad in the event that teo potentio- 
MUrs in aeries cannot be Mechanized. This functional is for elx decrees 
of freedon. m 

Asau^ptlonai 

Functional A has been generated on tho basis of the follovinc umum- 
tionei 

1. aircraft velooltlest v ■ p • r ■ 0 

2. aircraft accelerations! t ■ p ■ r ■ 0 

3t aircraft attitude! * ■ 0 

Functional B has been generated on the basis of the foll*rti« 
assertions* 

1. aircraft velocities! v ■ constant) u ■ constant 
(not necessarily sero) 

2, aircraft accelerations! u ■ v ■ • 0 

3« aircraft attitudsi I ■ constant (not nsoessarily sero) 

Functionals G and D nahe no assunptlons with regard to aircraft 
velocities, decelerations, or attitude. 

In addition to tho oonponent and capability aasusptlono, the scale 
factors, as they appear on the functionals, are based on the constraints 
given in Table 3. The paraaoters delineated in Table 3 are Invariant 
for aqy specific test or run. They nay, however, be chafed by the 
operator prior to a given test. 

B. Functional Presentation 

In the interests of clarity and stiqpllcity,o«portent synbology was 
hold to a ninljnuffl. The classical aspllfier symbol was used for suaaers, 
Inverters, servos and Integrators. Stumers are those SMpllflers which 
have more than one input. Inverters are those aepllflers which have only 
one Input. Servos are those amplifiers which have nore than one input 
and whose outputs feed a motor generator assembly shown in block fora. 
Servos were used only when three or more function generations of a 
variable were required or when two or more multiplications of a variable 
were required. Hü tipliera and sine-cosine generators were presented 
by an indicative block, since a variety of component arrangements may be 
esployed to perform these operations. 

In many instances, summer amplifiers are shown with multiplier 
circuits forming a feedback loop to perform a division operation. The 
feedback circuit shown on the functional must be the only feedback for 
this torpe circuit. 

66 t 
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Parametsr 

I 
XX 

I yy 
i 
«s 

I 
xs 

c.g. 

TABLE 3 

Original Valí» 

1163.8 slugs 

173,000 slug-ft2 

122,000 slug-ft2 

267,000 slug-ft2 

8,750 slug-ft2 

.OO23P slug/ft3 

O ft 

1,232 RPM 

2,360 RPM 

20* MAC 

Adjustable Constants 

í>7 
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Th« method for prasanting equations or consonant parts of equations 
(whichever applies) at any given point on the functionals is to indicate the 
mathematical quantity above the line connecting any two components. The 
scale factor tdilch applies to « mathematical quantity is presented below 
the line connecting any two components. For examples 

# % 

u 

Table b defines and depicts the component symbols presented in the 
functional. 

In general, the scale factor indicated for a given mathematical 
expression represents the maximum numerical value which can be achieved 
by the expression. In some cases, the scale factor chosen represents an 
estimate of the maximum value which can be realistically achieved by a 
particular aircraft paramster. Categorically, force and moment terms are 
based on estimated scale factors while non-linear functions and aerodynamic 
coefficient representations are based on calculated scale factors. In 
either case, the meaning of the scale factor remains unchanged. That is 
to say, a scale factor (at a given point) when multiplied by the maximum 
voltage ratio ,maximum voltage at a given pointy is equal to the maximum 

v voltage refere ice ' 

value of thu mathematical expression. 

Maximum Function Value ■ (scale factor) (maximum voltage ratio) 

The expression above is independent of the reference voltage. Therefore 
it applies to any reference volUg«. 

t 
66 
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TABLE U 

FUNCTIONAL CCHPONDIT SÏMBOLOOÏ 

/ 

Kanual Pot«ntic«»t«r 

Servo Driven 
Potentiometer 

10, 
1, 

Sumner or Inverter 

5 Gain Inputs 

5 Gain Inputs 

Integrator 

Diode Function Generator 

Sine-Cosine Potentiometer 
or Resolver 

Servomechanism 

69 
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Up to thifl point no r«f«ronca to volt**« gain dovloas haa b««n nad«. 
If th« expression above were to be used to deteralne the value of a scale 
factor, it would be necessary to modify the expression to take Into 
account the voltage gain properties of electronic conponents* 

In order to assist the reader in the understanding of seal« factors 
as given In this report, let us present here several saaple computations. 

Saample No. 1 

Suppose hypothetical conditions were such that the term A had to be 
developed as shown below and that the quantity A represented some constant 
of 25 units. 

! 
Reference * t 
Voltage 25 i 

I 

I 
I 
I 
I 

Reference voltage (VR - 1.0) would exist in block X and this Is arbitrarily 
assigned the quantity 25 units. Next we have a potentlosmter whose wiper 
is fixed at such a point as to attenuate the source signal fcy a factor of 
20. Therefore the maximum voltage ratio measurable in this blook would 

be one-twentieth of the voltage reference 0®)^ " (jj)* ^rm ***• 

previous equation 

F - (S.F.) (V.R.)^ 

or S.P. • 

by substitution 

S.r. - - (25)(20) - 5OO 

53 

Therefore If we are to interpret A correctly in block T, the scale factor 
must be 500. Block Z shows the signal representative of A as going 
through a ten gain amplifier, therefore the maximum voltage ratio measurable 
in this block would be 10 times the maximum voltage measurable in block 
Y (10) (jÿ ■ 0.5. Once again reverting to the basic equation 
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3.F. • (F.X.)^j/(T.ll()^j[ 

•ubftltvtlon 7laida 

s.r. • - 50 

Tharafora IX va ara to intarprat A corraotly ln Block Z tha «cala factor 
mat ba 50* Furtharvoro, fro« this axmpla va mj obaarra that 

1* Attanuatlng darloaa incraaaa tha alia of aoala faotora 

2* tain darloa daeraaaa tha alia of aoala faotora 

lharofora a «ora rlforctia font for tha «praoolon mxIikdi fonction valúa 
■ aoala footer (nalnua vol taca ratio) er 

nm • (BF) (fi)^ 

would ha 

"*x • <»> ("»i) «O““» * * • (wg-tVBF 

fcwlo Bo. 2 

divan a oiroult vhloh vlll aolva tha oxpraaalon A ♦ I • 0, vhara tha 
•axlmi vaina of A la 25 and tha naxlmn valúa of B la 75* Xf It la 
Mrtaln that both tha quantltlae A and B oan aohlava tholr oaxlnu« vaina 
aVaultanaoualy va oan prooood to mohanlao tha olroultr? aa follovat 

Kaforenoa 
foltafa 

lha potont lomtara directly pro ceding tha amllflar my ba daaorlbad aa 
valfhtlnf oemonanta. For axaapla. If aaxlmn voltaco vara praaant on 
lino A, va vould Intarprat tha oonditlooe aa 25 unite. Similarly, If 
naxlimi voltage vara praaant on tha B lim, wo vould Intarprat tha condl- 
tlona aa 75 unite. In other vorda, tha earn voltage on both lines 
rapranonta different quantltlae. Rananbarlng that naxlmn voltage (vhlch 
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1» th* ref«r«nc« toItaft) at line C auat represent 100 unit«. «• obaerre 
. ^ fro« lina A aa aaan bj tha ««linar 

mat ba 25A00 of tha reference TolU«e and lina B auat be 7<A00 of the 
rafaranoa rol tace (aaaunlng a unity c«ln aapllflar). 

tea^la No, 3 

Now let ua take the oaae where It la not known that both A and B can 
be achieved simultaneously and further It has bean eatabllahed that C 
would probably never exceed $0 unite. He chanijatton of the circuit would 
be aa followsi 

1 \ # 

Rafaranoa 

The B lina Input into tha e^jlifier la now of 10 gain input rather than 
unity gain Input. Referring to tha principal of tha flint axanla liven 
wa can eatabl leh that alnoe the potent 1cm tar In lina B matlncraaoa the 
ecala factor It could be Inoraaaad to 500 unite. Sucaaquantly. If a gain 

#0#î,.faftoî toi» on tha output aide of 
the «pl If 1er should accurately ba interpretad aa 50. thus satlefyinc all 
tha pravioualy stated conditlona. * 

, confl«uration * »tur at ion of tha «pi If 1er la possible but tha 
Initial stipulations indicate that unusual conditions nuat exist for this 
situation to occur which üplias that saturation conditions has« axcaadad 
the scope of tha problen. 

In order to transform the general flow charts of this report to a 
takanf10 g#n*r*1 purpoM computer, tha following steps should be 

1. Expand the multiplier and sir*-cosine blocks to represent 
the available c<*puter. Sine-cosine generation nay ba 
mechanised by e^loylng servo driven high resolution 
resolvers, diode function generators, multit^rped potentio¬ 
meters, or specially wound precision potentiometers, depending 
upon the configuration of the computer. 
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2. Baaed on the servo capability of the machine, decide how beet 
to mechanize the non-linear functions of the mathematical model, 
ftie approach to thla problem may be to uee available diode function 
generators where only one or two functions of a particular para¬ 
meter are required. Continue this process until the function 
generator availability has been exhausted. In all cases where 
deviations fror the general flow charts have been employed make 
appr<*)riate adjustments to the flow charts. 

3. Review the flow chart scaling. If desired, it is possible to 
reduce the number of manual potentiometers required by Judiciously 
adjusting the scale factor on the output side of summliw or 
inverting anqilifiers. 

I4. Having established the component requirement and configuration 
of a specific computer, assign identifying numbers to each 
specific component on the flow charts. This procedure will 
enable the operator to rapidly locate signals to be monitored 
during specific tests and aid in patching and debugging the 
system. 

C. Conputer Specification 

In order to efficiently mechanise the XC-li|2A equations for making 
dyrimmic »tudies, it is necessary to have available a general purpose analog 
computer which meets the following minimum requirements* ^ 

1. It must have ÖU amplifiers which can be used as summers dus 
additional requirements as stated below. ^ 

2. It must have 1*2 servos capable of driving up to 5 
tapped potentiometers of varying basic resistance in order to 
allow cascading of at least two potentiometers*! or sufficient 
servos to drive 120 tapped potentiometers of like basic 
resistance plus 72 additional isolation anplifierA or 
function generators plus attendant multipliers and amplifiers, 
or a combination of these configurations. The servo motor 
amplifiers muax be capable of summing or U* additional 
summing amplifiers 'nust be provided. 

3. It must have 17 multipliers plus those amplifiers required by 
the multipliers. * 

lj. It must have 55 inverter amplifiers. 

5. It must have l* integrating a-tplifiers. 

6. It must have )4/ sim*-cosiie devices which when fed both 
polarities of the representation of a parameter yields as 
output the sine and cosine of that parameter in any of the 
four possible sign rombinnlions. 

Table 5 shows a comparison of cjuioment count between a computer having 
1 * ïnîf8CAdlng Ht it,aat two PO^tiometere ™<i one not * having the capability. 
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TABLE 5. COMPONENT COMPARISON 
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D. Patching Inatructlons 

Bcawple 1 

Qlvan the expression 
0 

■ U13.U5 C, f(^) <1, 

the expression would appear on the functional block diagram as> 

Aaeuraing inputs necessary to compute Cm are available, the following 

procedure would be used to mechanize the equation for (AM^) . 

1. Connect the output of the summing amplifier generating 
to the terminal of the servo driven potentiometer, 

CT S 
f(ö^-), which represents maximum position C^, g. 

2. Connect the other end of this function generator to ground 
reference. 

s 
Note: If the function f('Ttjy ) were bi-polar, it would be 
necessary to produce - Cm lUith an inverter amplifier in which 

case step 2 would be changed to sayj connect the other end 
of this function generator to the outnut of the inverter 
amplifier outputing - C^. A positive ground reference should 

be provided on function generators which are bi-polar. 

3. Connect the wiper arm terminal of the functional generator 
g 

producing r‘TÍT> to t.h« ermi ¡al of the q^ function generator 

which is representative of maximum q . 
3 

||. Connect th1* other en ¡ of **io tuncti-'n generator to ground 
reference. 
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5. Connect the wiper arm terminal of the q function generator 
to a ten gain input <>f a selected inverter amplifier. 

Notet Voltage gains are usually employed in this mechani¬ 
zation for the purpose of operating the computer at reasonable 
voltage levels, while operating the simulator within the 
flight envelope of the XC-lh? aircraft. 

Example 2 

Given the expression 

X 
u • / - q,w - g sin 9) dt 

m. 1 

the depicted mechanization 

Given a typical general purpose conputer and assuming the parameters 
X /m,, Q-. and w were available, the patch operation would be as 
& X X* 

follows: 

1. Select the integrator amplifie to be used for outputting 
the parameter U. 

2, Select throe manual poton.-i»*1^ .ers. 

}. Connect the wiper ml: a. •' » acli n >;entiometer to one of 
the Irputr, of »ho jote o n »<• ^mnlifior , al input s must bo 
unity g<*.n input,.;). 
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I4. Connect one end of each potent! owe ter to the ground reference 
( if necessary). 

5. Connect the terminal whose output is to the cpen terminal 
of one of the manual potentiometers. 

6. Adjust this potentiometer to the setting which satisfies the 
following equation 

(Pot setting 
scale factor in ^ 
scale factor out 

Pot setting .06114 

7. Assuming a diode function generator is available which will 
output the sine function of the input, connect the temlnal 
whose output is 9 to the input terminal of this diode 
function generator. 

6. Connect the output of the diode function generator to the 
open terminal of one of the unused manual potentloneters. 

9. Using the formula given in step 6, adjust this manual 
potentiometer to the setting 32.2 

700 
.O6O5. 

Patching the 

multiplier circuit which produces q^w depends upon the 

particular computer used and the method by which multipli¬ 
cation is achieved. 

Note< A common technique used in general purpose analog 
computers for performing the multiplication operation is 
called Quarter-Square. 

Mathematically if the product XT is desired, one method 
of achieving this U* 

l lY Vv2 1 y2 1 yv A 1 y2 j d - y> - j i - j xi. j r 

1 ÍV - 1 Y2 1 TV 1 r2 . . (X . I) ■ - J I - J XI - J r 

Summing the two expressions yields -XT. This method is employed 
in the TR-I48 analog computer. Component requirements for 
producing the multiplication -peration are: (1) Both negative 
and posUive polarity of «ach juantity must be available, 
(2) a multiplier module f \ 'o.tring cards) must be available, 
and (3) one inverter amplifier in addition to the multiplier 
module is rejulred. Assuming that at ''oast one polarity of 
each quantify to no mil t inj is available, j inverter 
amplifier.1 and one .vi 11 ipt ica: ion module will be necessary 
to perform tin? mult*, litu* .oeratioti. 
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10. Connect the terminal whose output is q. to the ♦! input | 
terminal of the multiplier module. Connect the terminal 
whose output is -q^ to the -X input terminal of the 
multiplier module.1 

11. Connect the terminal whose output is w to the ♦! input 
terminal of the multiplier module. Connect the terminal 
whose output Is -w to the -7 input terminal of the multiplier 
module. I 

12. Connect the output of the squaring cards to each other. 

13. Connect the output of the squaring cards to the input of 
a unity gain inverter anplifier. 

11*. Connect the output of the inverter amplifier to the feed¬ 
back circuit of the multiplier module. 

Notât If output polarity reversal is desired, Interchange 
the connections as given either in step 10 or step 11. 

I. Sa^>le Calculation 

The process utilised to transform manufacturers data to the flew 
charts presented in this report is demonstrated by the following 
example! 

(a) LTV data 

w 

wher« 

m 
h" 11 H. .. 

i i 
(r. \- 

'T,s 

f 
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Gz - eos rj ♦ Cp sinT) 

" S» ’a" 

■ 'ci0 * \ * w> “• * cr6F i'Uo i'Wo 
6P FUX NACH 

°Î0 ■ ^ 11 - J-J5 CT,S * «t/ ) 

C - -IT 
CT.S qT^ 

9 P 

(Í* - [C. * C. 2 (6F) ♦ C (6F)2 ] 
^6F L6F L6F L6FJ 

[FJ^O * U * .000312 qa ] 

FUX 

ir]umi - [1 - .121,6 * ♦ .75hl, (») ] WINO 
NACH 

CL 

°B ' [CD0+ T*S * V6" ‘ V (Sf) ’ 

«AR* 26.8 

e • .75 

S • 531,.37 

s« ’ 767 
P 

\ - .15 

R2 - .25 

C. - .08 
L0 

CL « h.30 
a 

6F 

6F 

1.6h2 

-Ul, 

CL6F2 * fc-10»* 

°v ■ 

CD - .013 
u0 

cn - -.0306 
U6F 

:D 2 " -2955 
U6F 

R5 “ ^20 
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(b) Helpor'a analog almuliMon expression 

CTS 
(AZa) - 531..37 f(-^) qfl(Cz) 

wherei 

<c.> ‘i cos r¡ > cD 3in r¡ 

CL * íf("fcr) + f(¿T?) aw + f(é)] 

(¾ - .0^75 C‘ ♦ 

Appendix B contains a presentation of the above functions equating 
Helper's expression to LTV data. 

c 
,/ T,SX m 
''-¡sir' ‘ 

«-fcr> • cl 
f(¿y) ■ Cj, * CL (6/) 

6. 

q. 

6F 

C*# (6f) 
LfiF 

iFWo 
FLEX 

f(^) [F] WINQ 
MACH 

.01í975(Cl)2 - C2/n • Ari.e 

f(rrT) ' *3, i Err' " un * un ' • ' 
W 14 r,ü V)F •:V ^ 
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(c) Mechanization discussion 

The basic rules to following In mechanising ft giren expression 
erst 

1. Expand the expression into its fundamental elements. 

2. Gather terras which are common to all elements of the 
equation (constant and variable terms). 

Proceeding with these rules in mind, let us generate the (tZ%) 
express lont v 

Given the expression 

(4Z.) - 531..37 t, (0z>v 

we expand the expression and gather common terras 
CT s 

(AZa) • 53U.37 fi-j-ft) Qg t-CL cos 7| ♦ (¾ sin/j] 

which when expanded further yield 

C f 
(AZa) - 53h.37 f(gÿ) q8 (- (C^HcosTj ) ♦ [.0(,975 

w 6E 
♦ f(V¡TÜ) ) sin 

where 

Cj, " M-fcf* + f(¿7) aw * f(¿5) 1 t{£sy f(iS) 

Working from the above expression, we see that one summing amplifier, 
six servo driver function generators, and three manual potentiometers 
are required to generate CL (see Figure 11). Continuing, ona gultipi1er 

is required to generate the tern (C^). Tne addition of f(gqj) to 

(Cj^) requires a jamming amplifier and attendant manual potentlómater. 

Generating the quantities cos and r.O|,975(CL2) ♦ f(g£j)î 

requires one servo driven cosine function generator, and one servo driven 
sine function generator. The addition of resulting quantities requires 
another summing amplifier and associated manual potentlometars. Having 
generated the quantities contained within the braces, we must then feed 
the output of this sunraary amplifier through two servo driven potentio¬ 
meters connected in a aeriesrcircuit to affect the multiplication of the 

T 3 
quantity within br ces by «'d q . Tii« constant 53Í4»37 is taken 

(j *■ i 

bi 
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N 
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Into coMldoration at tha output of the qfl potent ion» tar by Incorporating 

it into tha scale factor under the aatheaatlcal «pression (tlg) • This 

sosia factor (AZft) has diract bearing on the weight that this tlm will 

haws in subsequent computer operations. 

F. Canutar Operation 

Before performing a test of either the longitudinal, lateral or 
slx-degreea-of>freedom con.putere, manual potentioewters controlling tha 
following terms should be adjusted (as required) to establish initial 
conditionsi 

1. N wing propeller speeds 

2. tail propeller speed 

3» p air density (equivalent to setting pressure altitude) 

lj. m^ aircraft mass (equivalent to setting gross weight) 

$. moment of Inertia 
XX 

6. I moment of Inertia 
Tf 

7. Iii moment of inertia 

8. cross product of Inertia 

9. c.g. aircraft ¿enter of gravity 

If values other than those given in table 3 are desired, the 
following procedure should be followed! 

1. Establish the new desired value of the parameter to 
be altered. 

2. List all expressions which contain the term to be altered. 

3. List the manual potentiometers which can be adjusted to 
reflect the desired change. 

li. Compute the new manual potentiometer settings. 

$. Adjust the affected manual po* mtiometers. 

6, Begin new-test. 
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An «jcuf)!« of this of this orocedure la aa followat 

-al potantlonetar 

other inputa 2.0 

where (AM^) ia acaled to 200,(XX) ft-lba. 

lyy ia aet at 122,000 aluf-ft2 

a |e 

' * la acaled to • 1.639 la acaled to 

The orIfInal pot aetting for P-1 would be ½¾* • .819$. 

Hen then, If a new value of was dealred, for exa^le, 170,000 It 

would be necessary to change the pot aetting of P-1 by the fonuila 
shown above. Thus we havet 

?nr> nrvï 

Fro« the above it can be seen that given a constant pitching 
■cnent M, the new and higher amount of inertia results In a greater 

attenuation (compare initial pot aetting with the new pot setting) of 
the moment signal thereby lowering the signal representing pitching 
acceleration (q^. This correctly ia equivalent to lowering the 4rn«lc 

response of the iircraft. Since parameters such as those given In Table 
3 may appear in Æiny terms of the mathematical model, care must be 
exercised to verify that all tema containing the variable, to be 
altered, be adjusted. TaEIe 6 presents a list of the scale factors 
uaed to generate the flow charts. These values represent the estimated 
maximum values which would be achieved by specific aircraft parameter 
within a reasonable flight snvelope. 

In addition to the initial condition procedure mentioned above 
it will be necessary to provide operator control of the many XC-lb2A 
moveable surfaces. 
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TABLE 6. SCALE FACTORS 

Paramatar 

e 

♦ 

p 

«1 

7. 

X a 

Scala Factor 

l.$71 rad. 

1.571 rad. 

2.0 rad/sac 

1.0 rad/aac 

1.0 rad/aac 

200,000 ft-lba 

200,000 ft-lba 

1400,000 ft-lba 

50,000 Iba 

20,000 Iba 

70,000 Iba 

u 

V 

¥ 

W 

700 f/a 

100 f/a 

100 f/a 

700 f/a 

100 f/a 

100 f/a 

750 f/a 

100 f/a 

¥ 
¥ 

V 

V 
¥ 

100 f/a 

q 

7II4 f/a 

762 f/a 

700 lba/ft2 
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TABLE 6. SCALE FACTORS 
(Cont'd) 

Par—t<r 

qs 

m 

< 
Tn 

V 

ÍtRI0ID 

J n 

“t " \ Frigid ^rioid 

n 
e 

Pf 

a 
V 

K 

6F 

6ALT 

6Art 

Scale Factor 

75O 1be/ft2 

.7 

102P|4 Iba 

101,66 lbs 

I.7I45 rad 

.698 rad 

.3h9 r%d 

I.OI4? rad 

2.1816 

2.1818 

1.571 rad 

1.571 rad 

.li? rad 

3.Ill rad 

3.Ill rad 

3.Ill rad 

3.IL rad 

1.571 rad 

1.571 rad 

1.571 rad 

1.01|7 rad 

.8726 rad 

.8726 rad 

.5236 rad 
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A liât of the input requirements for controlling the simulated XC-li^A 
aircraft arei 

a) Input requirements for testing the longitudinal mode co^mter ares 

1) lv ving incidence angle 

2) OF flaps position 

3) Bn wing propeller pitch angles 

b) tail propeller pitch angle 

$) it tall incidence angle 

b) Input requirements for testing the lateral mode canutar ares 

1) iy wing incidence angle 

2) OF flaps position 

3) Bn wing pr.Deller pitch angles 

I4) OA aileron surface deflection 

$) OR rudder surface deflection 

In addition, it will be necessary to provide constant* 
inputs representative of the aircraft velocities u and w. 
lb is can be accomplished through the use of manual potentio* 
meters. 

c) Input requirements for testing the six-degree-of-freedom conputer 
ares 

1) Xy wing incidence angle 

2) OF flaps position 

3) Bn wing propeller pitch angle 

b) Bjh tail propeller pitch angle 

5) i^ tall incidence angle 

6) 6A aileron surface deflection 

7) OR rudder surface del lection 

If smooth continuous control in desired for a particular input, 
manual potentiomet 3 should be used. In cases when both a positive and 
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negativ« value la possible, the potentiometer must have poaitlon reference 
voltage at one end of the potentiometer and negative reference at the other 
end of the potentiometer. 

If pulse or step movement of the Input parameters are desired! pulse 
generators or voltage level changes should be used} such as one-shot multi¬ 
vibrator! and Schmitt triggers, respectively. 

0. functional Flow Charts 

The functional flow charts are contained in the attached pocket et 
the end of this report. 

4 ► 

II 

1 
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SECT ICH V 

DISCUSSION 

The purpose of this report is to define a mathematical model for 
the IC-U*2A aircraft in a form which can be mechaniaed on a general pur¬ 
pose analog conputer. The conputer is to be used to enable USN1DC to 
perform d/nanic simulation studies for this class of aircraft. Since we 
are most viwlly concerned with flight character is tice, no attest has 
been made in this report to deal with systems or unusual environmental 
characteristics. 

The equations and mechanization require ttat the operator establish 
pressure altitude, aircraft mass distribution, aircraft surface deflec¬ 
tions and propeller pitch angles and speeds. The isplication of the 
above constraints in no way Ispairs the purpose for which the simulation 
is to be designed. They merely hold constant certain variables which, 
in actual flight, change slowly with respect to real time. For any given 
problem, aircraft gross weight, moments of inertia, propeller speeds, 
and altitude will be constant. It will be possible to deflect the air¬ 
craft movab?i.e surfaces by using manual potentiometers, pulse generators, 
and/or voltage level changers. In all probability, manual potentiometers 
will be used to provide continuous control of wing incidence angle, flap 
angle, nain propeller pitch angles, and tail propeller pitch ai«le. 
Pulse generators and volUge level changers will be used to simulate rapid 
movement of the movable surfaces which control the longitudinal and lateral 
characteristics of the aircraft. Manual potentiometers will allow the 
operator to simulate smooth continuous control of the movable aircraft 
surfaces. 

As was stated previously, any mathematical model representing less 
than six degrees of freedom sacrifices static and dynamic fidelity. This 
is plainly to be noted in the Euler rate equations tdiich in turn affect the 
aircraft force and moment summation by means of the gravity terms. 

The longitudinal mode mechanization will provide accurate static and 
dynsaic results in the pitch channel only. It will be possible to test 
aircraft dynamic response to pulse and step type movements of the unit 
horizontal tail and tail propeller pitch angle. It will be poasible to 
perform acceleration and deceleration tests, rate of climb tests, longi¬ 
tudinal trim tests, hovering tests and hover-to-transition-to-cruise tests. 

If the sssunption that all four propellers are operating identically 
is made, mechanization requirements for the longitudinal mode cosnuter will 
be reduced considerably. 

The lateral mode mechanization will provide (under certain conditions) 
accurate static and dynanic results in the roll and turn channels. The 
most significant corstraints in the lateral mode ccsiputer are those which 
apply to the speed of the aircraft along its longitudinal and vertical 
Axft9 (u and w). These variables will be controlled by the operator by 
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naans of manual potantlometara. Therefora, It mill ba possible to tast 
tarns which control the lateral character1stles of the aircraft under 
given longitudinal conditions. 

Selections of u and w can ba made such that the aircraft la In a 
level flight configuration, rate of climb configuration, or hovering con¬ 
dition. In this computer configuration, it will be possible to teat ruddar 
and aileron effectiveness, roll and turning characteristics to surface 
deflections, the effects of differential propeller pitch angle scheduling} 
In short all terms which demonstrate significant influence on the lateral 
characteristics of the XC-l^A aircraft. 
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SBCTÍON n 
CGNCLUSIGNS 

Th# i»io«t âccur»t<e and effectlre wthod for parfontIng a tara by 
tara analyala of tha IC-ll*2A aircraft U ona In uhlch all alz dagraaa of 
fraadoa ara Incorporatad Into tha aathanatlcal nodal. 

Tha abridged mathematical models presented In this report raprasant 
tha simplest and at tha same time most useful fora possible for tara by 
tara analyses of this type aircraft. The mathematical aodel breakdowns, 
longitudinal and lateral, can be used affectively In a tem-by-tera 
analysis of this type aircraft. 

Tha longitudinal mode mechanisation nay be further sh^llflad by a 
significant degrea if It Is assumsd that tha propellers are belly 
operated Identically and therefore that the force and aosMnt outputs of 
one propeller whan multiplied by four represent tha total propeller 
outputs. 

Tha wing parameter. At, Is amenable to the small angle as suction 
but may not be neglected. Tests have also indicated that It nay be 
possible to replace the unit horisontal tall parameter ¿é by a constant 

or functions of u and w pending the results of dynamic suuies of the 
longitudinal node. Fron the abridged equation It la quite apparent that 
significant amounts of corçmter components may be saved by verifying the 
validity of this indication. 

91 



t 

NAVnUDBVCDí 1205-6 

SECTICH VII — 
», 

REC OMflfDAT IONS 

It is recommended that USNTDC mechanlie the full iIx-degrae-of- 
freedoei abridged mathematical model presented In thla report, further, 
It le recommended that In the event of a» expansión of the teetlng eoope 
(to Include capabilities of cockpit flying of teste) that flight control 
mixing expressions he added to the simulation. 

If the available computer facilities are such that they cannot 
encompass the six degree of freedom simulation, only slightly degraded 
performance will be obtained by mechan4¿L g the longitudinal and lateral 
mode computers for which flow diagram hfi<e been provided. 

« a 
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APPEND IX A 

SYHBOLOOT 

Hi* ayabology used in this report is defined in the folIoMlng pegee* 
BeoauM of the nature of the XC-ll^A aircreft, a number of nee parame tere 
appear when preeentlng the mathematical model. In many caaea Helper 
ascribed to the noeienclature used by LTV} howerer to aro id repeated use of 
eereral symbols, Helper has deviated from the manufacturer's symbology. 

One notable exception is the use of the symbol,*7 , (reeh) in place 
of the more common symbol ¿ , when referring to rolling coefficients or 
momenta, this exception has been made primarily to avoid confusion between 
the symbol, L, which alludes to aircraft terms representing lift and the 
eymbol,/, which normally denotes aircraft terms representing rolling 
oharaeteristica. 

The following list notes the differences existing in symbology 
between Helper and iing-Temco-Vought. 

Helper 

n 
LTV 

L 

¢7 ox 

•/\ "/m" 

V ’ V" 
w 

a" 

P" 

P w r" 

r" 

*w q" 

u 

Helper 

w_ 

LTV 

* ' Tn 

r.i 

M n 

f(fusel) 

vt 

3 n 

m 

hs 

TR 

"Vi 

< 
F(Fuselagei 

VT 

Pn 

H 

ÜHT 

TP 
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aPBOLOOI 

a 

Al 

a.o. 

b 

B 

o 

Õ 

o.C. 

s 

s 

SpMd of oound 

Aapoot Ratio 

itrodynaalo Cantar 

Span (daflnad by aifcaorlpt) 

Blada Pitch An|la (dafinad 
•ubaoript) 

Chord (dafiaa by aiiwoript) 

Naan Aarodynaaio Chord 

by 

Cantar of Qravity 

Coaffioiinfe of Drag (dafinad by 
aubaorlpt) - in .tability m 

Hinga Naaant Coafficlant (dafinad 
by aubaorlpt) 

Propallar la tarai H\fc Iteant Co- 
affiolant 

MU fM. Sanaa 

ft/aoo. 

ÿmc 
ft, 

»d aljnja poa. 

ft. 
ft. 

Coaffioiant of Lift (dafinad by 
aubaorlpt) 

Rolling Moaant Coaffioiant (dafinad 
by aubaorlpt) 

Coaffioiant of Lift due to propellor 
inflow on Wing F ^ 

SÄisn“Oo,mouat 
Hub H-«, 

laving Moaant Coaffioiant (dafinad br 
•dbaorlpt) v 

Propallar lowing Moaant Coaffioiant 
(dafinad by aubaorlpt) 

Powar Coaffioiant (dafinad by adbaorlpt) 

* » 

9li 
t 
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h 

ci 

cz 
D 

D 

1¾ 

g 

h 

h 

H.M. 

I 

i 

J 

J' 

K 

sncoLoor 
Dtfinitlon 

Thrust Coefficient (defined bj 
subscript) 

Coefficient of Thrust st wing due 
to inflow velocity 

Dreg Force Coefficients in Body Axer 

Side Force Coefficients in Body Axes 

Lift Force Coefficients in Body Axes 

Drag 

Diameter (defined by subscript) 

Span Efficiency Factor 

Indicates, Function of 

Flexibility term 

Acceleration of Gravity 

Reference height (defined by 
subscript) 

Altitude (defined by subscript) 

Hinge Homent 

Moment of Inertia (defined by sub¬ 
script) 

Incidence Angle (defined by subscript) 

Wing Incidence 

Propeller Advance Ratio (defined by 
subscript) 

'Normal' Conponent of J (defined by 
subscript) 

Constant 

Units 

lbs. 

ft. 

ft/eeo2 

ft. 

ft. 

•lug-ft2 

rad. 

rad. 

te» has 

Pot. Aft. 

domward 

igmard 

ipward 

clockwise 
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H 

MAC 

MQC 

Ml 

N 

N 

M* 

P 

*»1 

q 

% 

Q 

r 

RPM 

RPS 

S 

ap 

3ÏMBQL0QY 

Mit f^ti »«fff 
Uft Poro« (d«flMd by fubacrlpt) lb«. iqpmrd 

Rolling Monant (d«fln«d by aubaerlpt) ft-lba. roll right 

R«f«r«no« langth (doflnad by «ub- 
■cript) ft. 

Maas (defined by subscript) «luga 

Slipstream Mass Plov Ratio 

Pitching Moment (defined by sub- 
script) 

Mean Aerodynamic Chord 

Mean Geometric Chord 

Mach Number 

Tawing Moment (defined by eub- 
iijrlpt) 

Rotational Velocity 

Normal Force 

Rolling Rate 

Pitching Kate 

Dynamic Pressure (free etrean) 

Dynamic Pressure (allpetream) 

Torque (defined by subecrlpt) 

Tawing or Turning Rate 

Revolutions per Minute 

Revolutions per Second 

Area (defined by ’jubscript) 

Total Propeller llak Area 

ft-lba tom 19 

ft. 

ft. 

ft. 

ft-lba. noae right 

R.r.M. 

Ibe. 

rad/aec roll right 

rad/aao noae vç 

lba/ft2 

lba/ft2 

ft-lba. 

rad/aao noae rlgit 

4b 
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V 

V 

V 

V1 

V 

w 

w 

X 

ï 

z 

t. c. 

A 

B 

c.g. 

SYJC0LC0T 

Definition Unlf 

Tell 

Thrust (defined by subscript) lbs. 

X-axis velocity in the airaass ft/eec. 

Longitudinal Velocity (defined by ft/seo. 
subscript) 

Side velocity (defined by subscript) ft/sec. 

X-axis Velocity in the air aase ft/eec. 

Velocity (defined by subscript) ft/seo. 

Relative Velocity ft/eec. 

Vertical Velocity (defined by 
subscript) ft/sec. 

Z-axis Velocity in the air aase ft/seo. 

Weight (defined by subscript) lbs. 

Longitudinal Axial Forcet in Body Ibe. 
Axes 

lateral Axial Force, in Body Axes lbs. 

Vertical (Normal) Axial Force, in lbs. 
Body Axes 

»«"»« 

forward 

forward 

forward 

to ri¿it 

to right 

always 

downward 

downward 

forward 

to right 

dowiward 

SUBSCRIPTS 

Definition 

Body Axes 

Aerodynamic Center 

Aileron 

Blade 

Center of Gravity 
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âCÈîi 

D 

E 

f 

r 

*o.|. 

(B 

ha 

LT 

n 

o 

P 

PIW, PIVOT 

P 

**1 

Q 

R 

r 

RT 

a 

t 

T 

TR 

rt 

▼ 

SUBSCRIPTS 

Definition 

Drag 

Engine 

FuaeUge 

Flap 

Fuaelage Center of Gravity 

Qround Effect 

Horisontal Stabiliser 

Left 

Identifies component (Engine, Propallar, ato.) 

Initial, or Steady State Condition, or Saa Laval 

Propeller or Propeller Axae 

Point of Rotation of Wing 

Power 

Pitching Rate 

Torque 

Rudder 

Turning or Yawing Rate 

Right 

Slipstream 

Tail 

Thrust 

Tail Rotor 
t 

Vertical tail 

Side velocity 
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Z 

X 

T 

y 

z 

■ 

XX 

auBaciupYa 

D»flnltlon 

Wing, Wind Axca 

Wing Cantar of Gravity 

Longitudinal Forca (Body Axaa) 

Distance along x axis from c.g. to cosy>onent axis 
system origin or center or to a.o. 

lateral Force (Body Axes) 

Distance along y axis fro« c.g. to cononent 
system origin or center or to a.o. 

Normal Force (Body Axes) 

Distance along i axis from c.g. to covenant axis 
system origin to center or to a.c. 

About x body axis 

77 

as 

a 

P 

A 

About y body axis 

About z body axis 

Product of Inertia (xx plane) 

QKEKK 3PP0Í3 

Definition 

Angle of Attack (ref. A/C Body 
Axes) (defined by subscript for 
component axis reference) 

Angie of Sideslip (ref. A/C Body 
Axes) (defined by subscript for 
component axis reference) 

Increment 

Units Pos, asnas 

rad. relative wind 
below ref. 
axis. 

rad. relative wird 
from ritfit 

Aileron deflection angle 

Flap deflection angle 

rad. 

rad. 

left down 
right up 

always pos. 
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Syiibol 

£ 

p 

t 

& 

In 

fia IN 

6B 
OOT 

QRltt SYMBOLS' 

Def Lr-ltlon 

Dovnwaah angle (♦) upwash (-) 

(with ule Bubacript) ■ Normal 
g1s force 

Pitch Angl« 

Air Denaltj 

Angle of roll (defined by sub¬ 
script if other then body axes) 

Angle of Tew (defined by sub¬ 
script If other than bo<^y exes) 

Angular Velocity 

Angle between the component of 
the relative wind vector in the 
propeller disk plane and the 
propeller Z «la. 

Angle between the u and 7 
velocities n 0 

<s, - V 
Rudder deflection angle 

Rudder deflection angle 

Angular change in propeller 
relative wind 

Units 

rad. 

rad. 

slug/ft 

rad. 

rad. 

rad/sec 

rad. 

rad. 

rad. 

rad. 

rad. 

Poe. Sense 

above horlaon 

I 

rt. wing down 

ysw right 

clockwise 

rel. wind 
froa right 

rel. wind 
trm right 

T.K. to left 

T.f. to left 
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APPENDIX B 

MANUFACTURER'S DATA 
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tti UXSTui KCtiCZ 9
XC-14;> FLiaRT CONTROL aSYSTSN SZIIULATGR

MIUN*.

2-53310/210-2076iC-77)l /
Br>UATI0!J3 FOR THB COMPUTER SII-TUJJITI05 1 1*^-'

Pid III k!»ck kcUw hr InUrmotUn Rttvatt 'III In ;>lMk bniMt • . L.- .T- H-n -

IN R*^Ly TCk Dtm. MtiaMim

C. Cclvln 0-S52C0
pATn CMcnca »T OAT

OJ C. 3oofh 9A8
t>in n nuwB^s □ □ . . TO*

" A‘ T- Vf j. T. Hf)oko, A. W. Shaw, H. P. Staal, J. brai-r. . u. T. Uoton 0. «.

Vh.. ^.,c"‘<t:eC i.nforaatlon fieflnas tha aerodynaalc rapr^aartatlon 

of tl.c XC-yj^lnplana tn b<». uoed In tha Plight Control Syatoa
« »
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J 

^ PITPIT CONTROL SYSTEM SIXULAlJ-.r 

jaWIÜSS m -'H2 COtCUTEU nETK-JBITA^IO-; OP 

irt,MM cmBACTraíSTiea 

X. acraiT o> the cohfutbi sitolatioh 
lhe computer rtproecntatlon of tha airfraaa will provida 

for tha eontlnuüua aolutloo of tha aerodjraaalo oharaetar- 

latloa and the aquationa of notion fort 

1) Aftward and lataral alrapaods to 50 knota and forward 

alrapaada to 400 knota* 

2) Altitude donalty variations fron aaa laval to 25*000 

feat for olther hot, standard, or eold dap conditions. 

3) Any initial weight and C.O. condition with tha cor¬ 

responding variation duo to wing incidence. 

Included are* 

1) Mach affects. 

2) Airframe flexibility affects. 

3) Control surface back-off due to acrodyncnic loading 

and sisolated P/C hinge sonant liants. 

A represantation of tha engine power characteristics, the 

generation of propeller governor signalé and gyro and 

accelerometer sensor signals will be provided also. 

It Is most desirable that the oonputer setup be seohanlsod 

to facilitate nlnluua tics lose when switching fres the 

evaluation of discreet flight conditions to continuous 

flights (froo ground take-off) or vloe versa. 

hfl 
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3. g,.- , 

Cocoreo AT r.,. ^ ^ n/r ««AV/*/ r„„ ö&. Majo 

W.L. PiAKf,r o* * /S 

TtJe eo0y j^es A9£ ■ *<.**jc, a.*., o, 

**r ,Ur,;Ai «.« ^ 

0 ■■ f/r«**? ^<j^a/xy 

-/' <05 0 

w+jg/^st 

4^ cà/kj âg^o^ 
-'C&sÿt n/Kt <ft 

Gorjeos f/t 

CC2>& 

CeifsuHÔ^rzfJj 
¿aiN$ auj £ 

SttJÛ StA.'Çi 

S+Sp co s & 

f caoô 

r i 

er I 

h/ 

J 
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w [ û - \sr ¿ vvcjj + mtj ¿tu 9 

Z^y * nt[ ir * wp 'ruyJ - mcj oo&GstÃjf 

lFi * mfw-ct^+vf>] - mg c0z04Dsf 

+J)t(r* ?<})+£ r^]- 

ZM - tfCk4- fr(>''‘-p)~^i3l~] 

Zh/= Ití^ + fgCp -r<ji)+Fpyp 

\d>4efiC 
€• 1,-fr 

/, 

S. - -Jl* 
/, 

r, ^ 

JTy“ -_¿2 
fy 

r - r 
<& « ¿i.±¡L 

fy 

sf. ^ 

Tt-!C f-0£<L& AKJD f^ioH <£*JT 3UMMAT iQU T^juf^ 

R€FR>¿5£tJT TM& 7&TAU Ofi^ T*Jff 'cr-ffXrfijCXt T 

Cc*J rA/¿2,UT/0tJ2, } f. ¢. ^ 

mbùF*l,.P (ÙP*^ .... ^ 

ifi4fl; /ÿwi7W.a & C. *. ! 

» ?ft 
n*^ ~W 

_ PZXy -ZF. 
^ *V n*e^“ T/ 
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V 

r /W< r,A s CCr. : /)***$ 

It/eT/frUr a.K,o fueartA vstcc 06 ca*JSTA*JT& o&&*Jto 

fo*» Tb/ti ytAA./OU* ¿¿>AO*Ajf7 C4JHO*T*A**& *+ 

t*t\/€*T,+ATCiO. (n/e rtertJ ¿vT mM+TM% Aiifrf 

tKtCfn&Aic.*- / s 5^:*tC✓ &STL Y 3+/A4.€~ T*jAT 

rr O K/t+wcTt tj. ) fUe /oAsir/rtJ 6* n/6 •l/AfitAHC 

C. di. w/TH -V/*/¿r thJCioe/J^C ts AccoiM/T4r& æxçl 

7h'6 /=&cu>*//A.'Cv A je*, fff Kl r &q>dAr/a*J$m 

or THff ¿ergteuer */,*/6$ ocvd/J c.&. 

LCCJTtriJ 41 zc A/4 O r SV H^/^V/UOf Tdtr 

¿¿./3TU \*rs AUO . 

A/c^ 'fi/ j r /Ixa/s 

/ 

&4. 
* 

M/V» AA/ 

C..Ù r» 

Ax, 

k. 

^rtv * *»v ^ £>*)/ eo5 tf, 

tfr.v ^ 1*/ ” l*/ 

af* + ^ (r„ - A'/x -^ac M)u% i^ 
* 

cra‘tw “(^W ~¿oc&f)'*« C/ 

¿fr r* 

r*oe, ¿J4 

D« P*4 

; ^ " 

y* - 

£3 Ä ^ 

- ¿7.7S ft 

- /3 *33 /rp 

4, cos t», + rf, Kt 
% 

• • 

¿iÖfr í,^ ^ 3/a/ 

• • 

CöJ - ^r# 3/a/ 

« • 
H¿ <-03 -GyS/A/i*, 

y¥ - ¿' 7, 75 T7 

ÿ, = /3.33 rr 

* ,y, / UMVJt/pr} ptr% 
Ae ja duA.fSt A¿<*sr, Sets 
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Ä AftiQ/yr'K/A** tc. PmctfS AaJG ^7o^4SUT\ 

£*/ /¿H//Ç /x«gv«/ 

K/ur~t*S* . FT 

*= — M4CZG 4. /S aPGGe c 

(* ) Stxujoagd a m ///f - * (-h J ^ Fr/scc 

(* ) U«r cuy i » /til - {A ^ A 
/a V ^ „ v«w / 

° £ h £330O*r ; a • S&O+JL.OLAifc 

330cTú h £ /0000*7} A • /0J* ^ " 

/oöco'Sl h at zscpo*t} A » /0&&-*0£*(A-/0660j^ 

At A AHA &MAj3tT^ > ^ 

r (J)$Tk*JCA4D ßtofZ 

«; At. o.„ w 

;'<A/ 

Or.Wpi> «MUI' 

o£ K6 Icosovr 

¡> m -oooto -.00004*4 Ç£-y.aoooooSCS4^ 

(3) Cöi^o Dar'z 

p m POSOS - • COOêOõã *à0CO3i&£jL~J 
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D&AMIC 

fcffSTAeAM ^ =* V* ' /t (]/ V 

$US>?*TQCA^t ~ ' Z>p* ?ù 7*7 *" 

FLùiV A^T/Q 
rn 
~n" / - X?; ¿V, - .¾ -¾ -<e4 

/L»t£#l? Cy - ^ 
•■S 

27= 2.Tn ~(T,+re+rs + T+) 

/?, =.'5 

f?t ~ .25 

£i* #4 “ O 

.¿’ô 
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5.2 Po&cjT wo ù>*-rPleurs 

5,2* ! 

5. Z./. / s— 3br k/otv 

' -»s *“'»)' 
U, 

/> 
• • 

►y 9 ^6öS Z#y "t U S/A/ 

ir, » ir 

V** */(4")* *(tr„)*+(*/„) r* 

% » 

y 
* "■= —g* - et,!'* _J±., 

Vu>y *«* 

fi* - Htj'J J£a 
■ V 

v£^7 
n 

f> - Pcc*+rr*^ [ *w 7 . 

a re***** ¿P&AJ- ' ^ 

f*s ? 

•+£ +p 3/A/^ 

;wr - Vrf-v/ AT/lT&t/v^O -5^ ne J/^</ 

^ ^ $OA*jTtrÿ (uceiï^ )m 
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»2 Ccm^FtCiiiééT^ s 

4 - [í£ - ^.í/^V-v^ifÁi 
« fl» I>1, 

/- ti m 
«-V * ¿-y -/7 

4. L m" 

' ' ^2 

3 ¿"p, 1‘ —fe_ 
nsR* 

f Cj * C 'V'8 

' X * 
V*' 

/ 

Cr/, * ¿"»i/'“ ¢//7,, -|. % 
CU • {% ' C'ßf'> ' 

' H4' 
' M^r 

't«LAr$ £ * [/4 
•'Kk^U'^U 

$kfr 

^ * 4.„['-*eSCrs +t.r.£C.rs%] 

ClZ m Ksu^ ^ ^*1 m 
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LFJ 

LFJ 

Hihi 
Fl 6k 

0 

i Lt .ooo S-iZjs) 

1 

^ Sâ ô/ó 

Lac^J^t 

-=- a* J. -+,7f44 
v^- *. rj 

[, I ~, oo lü^ fij 

[ I- ,001^ -h .Oooooo ’S fis*’] 

i 

¿"líi Ct¿ ■+ <5iCt¿ 4-(3, Ctj 3 

AT 

— / kJ ■ O — - ■ ^ ' •> 

La i* Cr^ -< Qf Ok J Cu 

i AT I ) " (Ti+'T'*)') 
l/j^Cre Ér^l— s:t J 

^liexhate AiLejtoN' EfFec7\\j&tits ^/c 
% 

La£íJs4.: Cjj* (f^ir ~ fAí*r^ 

L AC^J¿, * [C»ñ 4 C'Uc/ (-L ^ (&!*'&") 
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s Th<. p,w Tiüe 

.c, r^ctî^^ [ACni ^ Uuvr ^ 

R»wâ.tt«u lki yCT „ ^ TV,. ***t*rt AICW^J 

Aw*,».«^ ' "A,tv E*THfc-* TK^W tvv# Cowt«t^T<>0 

Rc,v\%ç- a% pou-moA î 

Klc 

• • 4'vtN'q.-{^„ 
4tvN^-Vc^a" 
4 VcS-K”j 

l4^' i^* \S' 
+ C|'WCriC'-’^] **»] ■{[^v • 

KL-r«: 

0 Au. CoCPPKiftiTi vu»r A& Pn*Ni»oo%vy ^ov^i, 

^ il ©TC ChM6£ 1n oSC or absolute Value of 

3) B®TH ^U7 î) àftRT /)«£ POS/TH« TOAILINÔ e66€ tûuivj. 
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A fktr/cULAG 0*00 O^rrtKtót r? * t,£t*po*<i 
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APPENDIX C 

GRAPHICAL AND TABULAR FUNCTIONS 
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APPENDIX D 

COMPUTER PROGRAMS 

The following two SDS-920 digital computer program? show how the 

polynomial expressions presented by L-T-V were converted to a form 

amenable to analog simulation. 
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FUNCTION G FM ERAT CR FOR 10-11,2 A 
rwçTlQNOF gis 

ÜO 500 CTO-O.,1.0,.1 
DELT-. Oli^CTS*. O0*CTS**2 ♦. 12*CTS**3 
DELN--. 06*CTS**2 - .IbtKTTS**} 

TYPE 501,CTS,DELT,DEIN 

501 FORMAT (10X,F5.1,2F20.5) 
CONTINUE 

FUNCTION OF DELTA-F 

DO 600 DELF-O.,1.5,.1 
ICLDF". liLI^DELF'*’!,* 102 -DELF**2-2,703*DELF**3 

'-’YPE 601 ,DELF ,WCLDF 
601 FCRMAT(10X,FS.l,ri5.ti) 

CONTINUE 

STOP 
EF.'n 

OUTPUTS 
DELT DELF 
DEIN WCLDF 

FORTRAN NAME VARIABLE 

CTS 

DELF 

DELN 

DELT 

[ACn] ÛT 

Crn-TT" 
L CT 

[ûcr] AT 

c7TrTT~ 
L 71 

WCLDF 



o
 «

 

PROPELLER COPTIg: l-4 J ï (CK «D CI) 

1$ FCRMàT($CIWl-CTOI FOR N-1,2 CW2-CIÏI FOR 

DC $0 JRATIO-0.0,2.0,0.5 

TYPE 5, JRATIO 
5 FORMAT(• J-»,Fü.l) 

DO 50 BETA-0.0,60.0,5.0 

TYPE 10, BETA 
10 FORMATd B3TA-»,F5.1) 

DO $0 PSI-O.0,70.0,10.0 

B!TAR-BETA*.0171iÇ 
PSrR-PSI*.017b5 
J PR ;«-J RA T10t*c 06F( PS m) 
TEMF1 -JRATIO*BKTAR*SINF( PSIR) 

CKN«( .O53 l4+.1028*JPhiME)«TEÏffl 
CYHl-( .10ÇL-.0$6Lli*BETAR)*nMFl 
CYN2-( - .1051^. 056U4#BETAR)*TBffl 

TYPE 20, PSI,CNN ,CTN1 ,CTN2 
20 FORMAT(F10.1,3F15.6) 

50 CONTINUE 

STOP 
• END 

OUTPUTS 
CYN1 J PRIME PSI 
CYN2 PSIR CNN 

SUBPRûQRAhB REQUIRED 

COSF SINF 

THE END 

FORTRAN NAME 

BETA 

BETAR 

CNN 

CYN1 

VARIABLE FORTRAN _N_AME 

1,2 

CIN2 

jRirio 

JFRIW 

PSI 

PSIR 

VARIABLE 

C* for fi • 3^ 

(dag) 

*n (rad.) 
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