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u,v,w
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X,Y,2
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XLrYL:ZL
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THRUST

TMDLE
TMTHR
TSTAT

u,v,w
UW, VW ,WW

VR

WEIGHT
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X DOT,
Y DoT,
-H DOT

XSS,Yss,
2SS
YP

YR

Yv

aircraft thrust lbs
elevator input delay
(See Section IV-B) sec
throttle input delay
(See Section 1IV-B) sec
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ZA axis, respectively

scalar component of aircraft with
respect to airmass along the XA,
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fps

fps

resultant velocity of aircraft
with respect to airmass fps

aircraft weight lbs
scalar component of the applied
external non-gravitational force
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frame -

displacements along the respective
axes of the L coordinate frame ft
velocities along the respective

axes of the L coordinate frame fps

steady state airmass velocity along
the Xps Yp, and ZL axes, respectively fps

side force due to roll rate 1bs/EEQ
sec

side force due to yaw rate 1bs/kad
sec

side force due to sideslip

velocity lbs/fps
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) o ALF angle from the remote wind '
; vector VR to the XA axis ; rad
o DALF da/dt ' - rad/sec
o - angle from the remote wind:
B vector V. to the Xp axis Jdrad
ag ALFBO angle between the body-fixed
p o X, and X axes , rad
g B : ,
A Qg ALFBOL value of oy for which no lift
3 oL is developed by the aircraft: ~ rad
3 8 BETA aircraft sideslip angle rad
bl H
e Y - angle from the horizontal
q reference line to the remote -
S wind vector Vp: Y =0 - a rad
E Ga DLA aileron deflection - ?ad
: 8, DLE elevator deflection ' " rad
T; 8, DLR rudder defleétion ' . rad
f 0 THETA (See definition of Euler angles
v,0,¢ below)
3 0 - angle from the horizontal reference
1 B line to the Xy axis ‘ rad
3 THROT pilot throttie input as fractlon
3 of maximum input : -,
8 P RHO atmospheric air density slugs/ft3
3 Po RHOSEA atmospheric air density at co. 3
b sea level, std day o slugs/ft:
i3 ' ' ‘ !
b Y SIG P/Pq : : -
b v,0,0 PSI, THETA Euler angles relating L, C, and A '
3 PHI coordinate frames (further defined
A in Figure 3) rad
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aircfaft body n~oordinate framec

boédy réference coorcinate frame
Earth-aircraft conticl coordinate frame
BEarth local-vertical, coordinate frame
design economy. cruise condition
ehuilibrium or reference condition

zero lift value
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I Introduction

Simulation models of two representative STOL aircraft
have been generated. The models are documented in this
report.

The computer simulation is to be used as a tool in the
development of STOL terminal area guidance and navigation
systems.

This intended use has determined the form of the simulatioa:
The aircraft are described by means of non-linear equations that
will accomodate gross changes in angle of attack, pitch angle,
flight path angle, velocity, and power setting. Aircraft motioas
in response to control inputs and external disturbances are
related to Earth-fixed coordinates. The squations are programmed
to run in "real time" so that they can be used in conjunction
with a manned cockpit simulator., Provisions are made for pilot
control inputs to the simulation, and conventional panel display
parameters are generated.

The aircraft which are modeied - the DHC "Twin Otter" and
the DHC "Buffalo" - are described in Figures 1 and 2, respectively.
They were selected as representative light and medium propeller-
driven STOL transports. Their selection does not imply that there
are not other STOL aircraft representative of these classes.
Similarly, the material contained in this report should not be
used as the basis for an evaluation of the flying qualities of
the "Buffalo" or "Twin Otter" or of the suitability of these

aircraft for any specific mission.

o




The aircraft are modeled only to the extent necessary
to yield a representative vehicle model controllable by a
guidance or navigation system. Certain simplifying assumptions -
specified in the following sections - are made. These
assumptions are justified for the present model application
but may render the model unsuitable for other possible applica-
tions.

The simulation is described in detail in the following
sections uf this report. 1In Section II, all required equations
are developed. Section III tabulates numerical values to be
used in these equations for the "Buffalc" and "Twin Otter".

The simulation program is presented in Section IV, A
listing of all computer statements is included. Finally, in
Section V, representative simulation results are shown. These
results demonstrate that the simulation is an adequate representa-

tion of the two STOL aircraft.
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II Description of Mathematical Model

R I R = 4
v 7

The mathematical model consists of all equations requireqd
to describe the motions of the aircraft fn space resulting
3 i from external disturbances, control inputs, and the aircraft's
aerodynamic characteristics. These equations are presented

in this Section. First, however, it is necessary to define

the reference coordinate frames to be used.

IIA Definition of Reference Coordinate Frames

e . Reference coordinate frames to be used in this analysis are
4 defined in this section. Insofar as possible, axis systems have
been defined so that senses of rotation and translation are
similar for small rotations. Positive force, moment, and motion
3 vector components are defined to be in the positive sense of

the axis. To the largest extent possible, the symbols and
conventions used are consistent with those in commen usage in

b the guidance and control fields and with those used by NASA for

N aircraft stability and control work.

The Earth Local-Vertical Frame (L) is a local geographic

frame. Its origin is fixed at a point on the ®arth's surface with

ﬁ ‘ Zr, along the vertical defined by the local gravity vector

(positive downward), X; parallel to geographic North (positive
to the North), and Y parallel to geographic East (positive
to the East).

The Aircraft Body Coordinate Frame (A) is fixed to the

alrxcraft and r~* -es and translates with the aircraft. Its

origin is the center of mass of the aircraft. The XA axis

is chosen in a forward direction in the plane of symmetry that

-3 -




is parallel to the initial or equilibrium direction of the

jr remote wind. Thus the A-frame axes, by the commonly accepted
; definition, are "stability éxes". Because the XA axis is

'Q initially aligned with the remote wind, the initial angle of
attack a(g) = g is zero. (In this report, © and o when not
v subscripted to indicate reference frame, are assumed to be

referenced to the A-frame. Further, since in the simulation

documented in this report the aircraft is placed in equilibrium

2 i at t = 0, "equilibrium" and "initia'" conditions are equivalent.)
% I The YA axis is normal to the aircraft's plane of symmetiy

(positive to the right), and the Z_ axis is in the plane of

A

symmetry (positive downward) and orthogonal to the XA

axes. The A-frame is related to the L-frame (and to the next-

and YA

=

defined C-frame) in Figure 3.

The Earth-Aircraft Control Coordinate Frame (C) is also

centered at the center of mass of the aircraft. The zC axis

is aligned with the local gravity vector (positive downward)

and is therefosre parallel to the ZL axis. The XC axis is

the intersection of the horizontal plane with the vertical

e

i

plane containing the XA axis. The YC axis completes the

orthogonal right-hand system. The C-frame is an intermediate

k%,
oo A

e

frame needed to define the Euler angles describing the relation-
ship between the Earth local-vertical (L) frame and the Aircraft
body (A) frame. In their order of rotation (which must be

preserved) the Euler angles are defined as:

-4 -
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Heading (¥): angle of rotation about 2 ' .
* from XL to Xai - . ¢ L ) |

P

2. DPitch (0): angle of, 'rotation about YC

from X to X_ ;!
C A’

3. Roll (¢). angle of rotatlon about X

"
¥

TR R e e e e 0 SRR T BT s Y S ARSCRITI M ANSOSKTY epy
.

A
1 from YC to YA , ' , .
Y ‘ i L i \
3 These Euler angle rotations are shown in Figure 3.
' t . I ! } 1
:
% The Body Reference Coordinate Frame (B) is.introduced and
: R ) 1 R
E: defined in this rebort primarily 'to clarify the definition of
E: . . ' . i H
: ; trim angle of attack. ILike the A-frame, this frame is fixed

B 1 N i

to, and translates and rotates with, the aircraft and has, as

1 ¥
its origin the center of mass ofethe aircpaft. The XB axis,
[ . '

however, is fized in a forward direqtion in the!plane of

b . 1

'ﬁ : symmetry parailgl to a fuselage waterline or datum line. The

. ' \ 1
' Xy axis is displaced from, the xA axis by the angle o - The ’
i ' . 1 e ) (o] I

% Yy axis 'coincides with the Y, axis, and the 2y axis (positive !
4 . : ;

K downward) forms an orthogonal set.

The angle ag is sometimes calledlat rim / the trimmed
o

angle of attack. ' It is,the angle between the initial (equlllbrlum)

; remote wind vector and the X akis. Unlike tor it has a non -

i 1 1

zero value. It is evident from Figure 4 ‘that

QR
1}

a + o
* Bo

' O =0 + ag . | o (1)
B By - |

1
*Numbered equations are mechanized in the simulation, Other
equations are introduced,h as necessary for purposes of clarification,
but are not numbered.
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A i
! I ) = . , '
. . *
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1

I .
The trim angle aBo can be approximated in the following

fashion in ‘the absence of wind tunnel or f;ightwtest’dataz

. ' Assumihg a' constant »° _raft 1ift éurve slope, a,:sketch

the aircraft's 1lift curve:

i ' ! ' CL , ! .
g ! ' ;
l ©ooag ! '
: OL —'—] )
1 ' N
: . I 1 |
, 0 T O
1 |
. ] » . ¥ H
*  From the sketch it'is apparent that T
: ' 1 . 5 I
C. =a (ay, = a ) !
] .
! \ . L ) B %L ¥ . 1
t 1
| or, at equilibrium, \ : . . ~
' c. =a (ag, ='ay ) ' ~
1 , Lo t BO Bor, ! ‘

! B * 1
[ o [ ] ; 1 []
Next, assume that wing 1nc1dence‘bas been chosen by the aircraft

manufacturer to produce a level fuselage attitude (aB = 0) when

ithe alrcraft'ls 1n flight at "Economy Crulse Speed" at 10000 ft

and at an arbitrarily - 'chosen average gross welght.! Using the
i

\. relation W__ = C q__S, calculate the lift coefficient at the
cr -Lcr cr A \ 1 . .
flight condition: The # 4le of 'attack for zero lift can then
’ P s )
be calculated from the .bove equation as ‘
_ Loy ‘
! 1 CtB - a ! . ,

OL
-6—
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The same equation can be manipulated to give an expression

for the trim angle ag at any other trim lift coefficient:
o

c
Lo
8, =@ * %8
oL

(In Appendix B of Reference 1, CL was estimated to be .44
cr

for the "Buffalo" and .48 for the "Twin Otter". For both

aircraft, a = 5.2/rad, so

-4.8° (Buffalo)

GB = -0085
oL
= -,092 = -5,3° (Twin Otter)

These values are used in this report.)

IIB Velocity Resolutions

Use must be made of the above-defined Euler angles to
relate a vector quantity in the A-frame to its compcnents in
the L-frame and vice versa. In general, a vector R can be

resolved into its A-~frame or L-~frame components:

R=R, i, + .+ R, k
X, AT Ryt R Ky

il

R i+ . + R k
where i, j, and k are unit vectors in the indicated frames.

L-frame components of R can be expressed in terms of

A-frame components of R and the Euler angles:

(2)

LI
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B
33

Conversely,

in terms of

o
]

cos ¥ cos O

cos ¥ sin ©

cos ¥ sin 0

sin ¥ cos ©

sin ¥ sin @

sin ¥ sin 0

-sin 0

cos O sin ¢

cos O cos ¢

A-frame componernts of any vector R can be expressed

L-frame components:

w |

11

21

31

sin ¢

cos ¢

sin ¢

cos ¢

—

B

B

11

12

12

22

B
32

sin ¥

sin ¥

cos Y

cos Y

21

22

B
23

13

23

33

cOs

sin

cos

sin

31

32

33

e

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)
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f { Thus, in the simulation, the A-frame components of aircraft

%g - velocity (iA = U, YA =V, and 2A = W) are computed and used

5 %_ i to obtain velocity components with respect to the ground: |

; 3? 0

4 ! X =B U+B V+B _W (fps) (12)
5 ‘ ) L 11 12 13 P

:; g yr, = le U + 822 vV + 323 W (£ps) (13)
:‘{ ¥ = —é = - - -

3 h L 831 U B32 v B33 W (£ps) (14)
g 3 IIC Provisions for Atmospheric Disturbances (Winds)

5 Winds are input into the simulation in the L-frame.

Components are &, (positive North), ¥y, (positive East),
L L

EAMT

and zy (positive downward). The winds are resolved into
L

AT

A-frame components in equations 15-17 in order to compute

airspeed components:

ok

4 U, = U= [Byy %y * By Yy * By %y 1 (fps) (15)
V =v-(3B * +B._y, +B _z 1  (fps) (16)

w 12 ¥ 22 WL. 32w
W =W-(B._.% +B _y, +B__ z. 1  (£fps) (17)

W 13 w0 23 Vv T T33 wy

Material contained in this report is sufficient to allow

introduction of steady state wind components. The desired

winds are simply input as x_ , y,, r and z, . The report does
A L,

( not document wind gust or wind shear models. However, these

models, when developed, can be readily incorporated into the

simulation with only minor modifications to the program being

required.




IID Airframe Equations of Motion

3 In Reference 1, dgeneral 6 degree of freedom airframe

equations of motion were developed as

ﬁ m [U+ QW - RV + g sin 0] = X (longitudinal force)
% m [V + RU-PW - g cos O sin ¢]=Y (side force)

; m[W+PV-QU-=-gcos 0 cos ¢]= 2 (normal force)

I P+ (T, - 1) R -3, (R + PQ) =L (rolling moment)

5 Iy Q + (I, - I,)) RP -J . (R2 - p?) = M (pitching moment)

3 I, R + (IY - I.) PQ - sz (P - QR) = N (yawing moment)

where the body-axis angular rates P, Q, and R, can be used to

Sy Ly bt

obtain Euler angle rates according to the equations

g . sin ¢ cos ¢

1 ¥y =0 o5 0 + R Go5 © (rad/sec) (18)
by

f ©@=Qcos & - R sin ¢ (rad/sec) (19)
: $ =P + ¥ sin 0 (rad/sec) (20)

2 e TS
T e a4 3

These nine equations, together with equations 12-14, provide an

almost exact description of the motions of an aircraft operating

ST

near the Earth's surface. They irvolve, as shown in Reference 1,
only four assumptions:

i 1. Aircraft mass is constant

: 2. The Earth can be considered an inertial frame
3. The aircraft is a rigid body

4. The aircraft is symmetrical about its
X - 2 plane.

- 10 -
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For purposes of this simulation, the above 6 rigid Lkody

airframe equations have been approximated as

ﬁ = RV - QW - g sin 0 + X/m (ft/secz) (21)
V=PW~-RU+gcos 0 sin & + ¥/m (ft/secz) (22)
W=QU - PV + g cos O cos & + 2/m (ft/secz) (23)
P = L/T (rad/sec’) (24)
¢ = W1 (rad/secz) (25)
R = N/Iz (rad/sec ) (26)

The omitted terms in the moment equations involve either products
of angular velocities (e.g. QR) felt to be small compared with
other equation terms, or terms containing sz which will be
neglected. Experience has shown that, for purposes of this
simulation, these terms can be omitted with negligible effect

on results,

The terms X, ¥, %, L, M, and N of equations 21 ~ 26 represent
the aerodynamic forces and moments acting on the aircraft. The
lateral terms (Y, L, N) will be expressed in a quasi-linear form
(as in Reference 1), but the longitudinal forces and moment (X,2,M)
must be non-linear in order to permit large excursions in forward
velocity.

The longitudinal aerodynamic force terms are, from the sketch,

X=T-Dcos o+ L sin ¢ (1bs) (27)

- (Lcos o + D sin o) {1hs) (28)

083
it

A W e s e e > e gl
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The terms xq, Zq, Z&, and ZGe have been neglected in this
analysis because of their small contribution to the overall
forces,

It is also assumed that all thrust forces act along the xA
axis. Thus moment effects of thrust changes are neglected, as are
forces and moments produced by special lift devices operating
within or outside of the propeller slipstream. These effects
are neylected because the airframe data required to model them
are not available,

Equations 27 and 28 are solved .(as are the other simulation
equations) once every computer iteration cycle. Thrust, drag,
and lift force components are summed to produce resultant X and
%2 forces acting on the aircraft.

Expressions for the total thrust, lift, and drag forces
are next developed.

Thrust is computed from an empirically~-derived expression
(developed in the appendix) which accounts for the effects of

altitude h, airspeed VR’ and throttle setting §:

- 12 -




o Tstatic ; :
T = vt eV 3 * & 4lbs)' v(29)
1 + CTl R ) Tz R 4 H

! where 0 2 ¢ £ 1.0,

o = eV Batn, (=) L (30,

and | . ‘

1 ) .
V. = [U 2 + sz /2 (fps) ' (31)

2
R w + ww_]
!

Lift and drag are calculated from the 'standard relationships:

L = ¢ qS . (1bs) 1 (32)
D =CpqS | | * (lbs) + ' (33)
where . ‘
) 1 .
H C, =C, + aa ’ - ) 34
1 L L, | f ) . (34)
5 c_ = +c 2 | ‘ '
i D" CDf CL /meAR (-) 1 (35)
, '
! q= L pV 2 : (lbs/ftz) . (36)
1 2 R :
§ i
5 3 )
! p =0 0, (sl/ft7) (37),
! ' \
and
-1 ! ; :
a = tan = W/U_ (rad) (38)
4 The expression for pitching mom at used in the simulation
is . 1 !
M= qSclCm, *+ Cp @+ 5= (Cu. &+ Cp W) + Cp i 8el.  (£t/lbs)  (39)
[+ R o 4 q 6e . ¢

where the coeffizients of the variables are constants. The

BN saicar I ey S T

term C, is zero in this report, but is included to facilitate
t

t
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later shaping of the trimmed &e vs VR curve. To do this, Cn
» : ! t

would be made a function of VR.

Rate of change with time of angle of attack is obtained by

differentiating equation 38: :

i | l wlw
. - d - w
6 = 3¢ (tan = 5=)
: | v
: C U Wy T WUy

2 2
| UW + ‘ww

If the ?pproximation is, made that U = 6w‘and W= ﬁw' the above

expression $an be manipulated to produce

12
I cos o’

%)
W
E; U) Uw (rad/sec) (40)

The latefal force (Y) and moments (L and N) are

d ', L, . '
developed in conventional linearized form (as in Reference 1)

except that total varigbles are used rather than perturbation

values, and that coefficients of the lateral variables are made
tfunctlons of 1ift 'and drag CO&fflClent, airspeed, and dynamic
pressure, all of which are determlned by solutlon of the
longitudinal equations.

‘The lateral force and moment expressions used in the

simulation are: ! | | )

1 Y = YV!Vw + Yr R + Yp P , (1bs) (41)
- b . -
L'= Ly Vy + Ly R+'Ly P + Lg_ "6, (£t-1bs) (42)
N =NV, N R+ NP+ N S (£t-1bs) (43)
, ' ! - 14 -
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The terms ¥g , Lg , and Ng , sometimes included in the lateral
. r r a
yi ‘ equations, have been omitted in the present analysis because of
their negligible effects.

The coefficients of these equations are

B

fonoa

(lbs/fps) (44)

=1
& : YV - 2 P VR S CyB
% % 1 rad
E% 1 rad
i = - — . 4¢
] Y, =7 Vg b cyp (1bs/22%) (4€)
E
S L, =5 0 Vg Sb s, (£t-1bs/£ps) (47)
_1 2 1ps/E2d
: L =30V, Sb C“r (£t-1bs/z=2) (48)
d c, =¢ +c /4 (=) (49)
3 : r -
i H
k. 1 2 rad
= L =P Vg Sh c,zp (££-1bs/=_) (50)
. Ly =q Sb Cy (ft-1bs/rad) (51)
E a a
. N, = % 0 Vg Sb Cy (£t-1bs/£ps) (52)
; B
; _ 1 2 rad
} Nr = 3 P VR Sb Cnr (ft-lbs/sec) (53)
!
g c, = Cp -cg /4 (-) (54)
: d . YpIN wing s
: _ 1 2 R0
, N = 3PSkt ¢ (£t-1b/Z ) (55)
| . a
o G0 "% T ComR) O (56)
PrIN
, NG = q Sb Cj (£t-1bs/rad) (57)
j r §
;3 r
i
j
i - 15 -
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E: |
; The equation for sideslip augle is
::; 1 v
b 8 = tan - 2 (rad) (58)
(' Uw
‘; Linear and angular rates are integrated to produce the requirec
? linear and angular displacements. Initial values of displacaments
i are provided for where necessary:
] €.

u=u(o) + [ Uat (£ps) (59)

o
t L]

vV=v(0)+ | vat (£ps) (60)
. o
1 t -
e W=W(0O)+ [ wWat (£ps) (61)
: ! (o]
4 t .,
: P=f Padt (rad/sec) (62)

o
t -

Q dt (rad/sec) (63)

O

3 R=["Rat (rad/sec) (64)
‘ t .
X dt (rad) (65)

S

0 dt (rad) (66)

prs

$ dt (rad) (67)

(2]
]
<

~ t .

= t

3 X é x4t (ft) (68)
i ft . (69)
ke y =J "y, dt 69
3] L o 'L

A t .

: h=-2_=h() + [ h dat (70)
A L o

- 16 -
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IIE Definition of Required Display Quantities

Provisions are made in the simulation for displaying

parameters that are commonly available on a cockpit instrument

panel.

they

have not been previously defined):
o1/2

Indicated Airspeed IAS = 1.46 VR

Altimeter Output i

Directional Gyro Output 57.3 ¥
Pitch Attitude Gyro Output 57.3 OB
Roll Attitude Gyro Output 57.3 ¢
Rate of Climb Indicator Output h/60
Turn Rate Indicator Output 57.3 R

Slip Indicator Output

g cos O sin ¢ -V - RU + PW

g cos O cos ¢ - W - PV + QU]

- 17 -

These parameters are tabulated here (and are defined if

(mph)

(ft)

(deg)
(deg)
(deg)
(£pm)

(deg/sec)

(rad)
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III Tabulation of Numerical Data for "Buffalo" and "Twin Otter"

5

s
=5

f f Numerical data for the two aircraft to be modeled are tabu-
N f
4 ? lated in this section. Unless otherwise indicated, the values
.? have been taken from Reference 1. It should be recognized that
‘% stability derivative values tabulated here are not based on wind
;. -
b 1 tunnel or flight test results, but have been generated using
?I analytical expressions presented in Reference 1.
.
3
9 Parameter Value
5 Buffalo Twin Ctter
% a,rad'l 5.2 5.2
3 . AR 9.75 10
E  b,ft 96 65
A c, ft 10.1 6.5
»f CDf 0032 0039
] A .030 .035
b : Cp
: 0 0
a e
4 c -35.6 ~24.6
Mg
Cma _078 ‘_-78
f Cn. -6.05 -6.15
4 a
Cmé 2.12 1.73
e
Czp “053 -053

- 18 -
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Parameter

\

WValue

) Buffalo

[

Twin Otter

Cp ofps™ (1)
C,I.z,fps"2 (1)

e -
hapm £t (2)

I, slug~£ft2
Iy,slug--ft2

Iz,slug-ft2

sz,slug-—ft2

-.125'

.20

.038
i
.025

2,169

1

.101

.107

-.055

.368

-.362

.00370
6.51%1070

.75

i
32500
273000

215000

447000

i

-"103
.38

.033'

.033
I 1
-.168

L] 121

I
.107
i
-.085
)

429

-.492

.00378
9.07x10 ,

.75
" 32500
24300

22000

. 41000
0 H H

6
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1 i !
Parameter * ' P 1Value' 3 I .
! - Buffalo Twin Otter
s,ft2 _ , '945 420 -
' ) 1]
Tstaticlbs (1) 22400 5750 o
W, 1bs ' 40000 . 12000
i
o rad (3) ! T =,0 - .
i BOL, . : l 085 ) 0092 i
I
. Posslugs/£t3 I .002378 ' ,002378,
! . . 1
i ot ;
Notes 1. From Appendix, this report,
2. Atmospheric density ratio ca}cuiatéd as .
' : o = e /32500 coppares with standard ’
: atmosphere data as follows: '
] I ‘
3 ] o 1
x h ' : :
standard calculated
‘ 0 1 1
5000 I .862 b .858
J ] 10000 ' '.738 . 0735
] 15000 .629 ' .630
. 20000. .?33 . 540
H ¥
i ' ' i
) 3. ' from Section IIA, this report
: ! ) -
: H
!
| I} !
' )
' f
¥
1 .‘ | }
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IV Simulation Program

The equations of Section II have been programmed for real-

time solution on an XDS9300 digital computer at the TSC Simulation

Facility.

Because the simulation is a simple one, a flow chart is not

presented. The program listing, together with the discussion
presented here, should be sufficient to completely describe the

simulation. The listing is included in this report as Table I.

IV-A Interface with GAT-1 Cockpit

Provisions are made to drive the simulation manually using

a GAT-1 fixed-base cockpit modified for the purpose. Commands
from the cockpit are:

Elevator trim (ELTRM)

Longitudinal stick displacement (DLE)

Lateral stick displacement (DLA)

Rudder pedal diaplacement (DLR)

Throttle setting (THROT)

The scaling voltages used are givén in Table I,

Similarly, the display quantities presented at the GAT-1l

AR

panel (listed in Section II-E) are scaled as shown in Table I.

IV-B Definition of Initial Values of Variables

It is convenient to be able to begin a simulation run with
the aircraft trimmed at a level flight condition. Accordingly,
provisions are made in the simulation for inputting desired
initial conditions, and then for calculating required initial

values of other parameters to produce a trimmed flight condition.

- 21 -
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Non-zero initial values are normally input for altitude
h(0) and airspeed VR(O)' In addition, non-zero steady state
wind values can also be specified. 2ero initial values are

set in the first computer iteration for these parameters:

. . . . . © .

u, Vv, W, P, Q R ¥,0 ¢, P, Q R,

L]

‘yl GI ¢r le w/! xLI YL’ a, ar B

An initial computation is made to calculate initial values

of other parameters, using the following equations:

= o N/hamy

P = 0OPg

a
]
-
°
<
b <)

c
<
I
<
w

ey
[}
(e
i
<
+
%
k4

lw] Q
lw)
| 1l
Q [p!
lw]
Q
wn -+
(o]
-t .
N
~
=)
[0]
L9
Joe)

w@
|
Q
1
(9]
~
W
-+
R

>
Il
o

[ 4
n
o
-
+
0

V.+C V2 /4T
T, R 7. R)/

2 static
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The last two equations define required pilot inputs for
initial trim. In the simulation, provision is made for
inputting these trim values for a specified length of time,
after which the actual control signal from the cockpit is
used. The magnitude of the delays are TMTHR seconds for
throttle setting £, and TMDLE seconds for elevator input Ge.
This scheme permits setting up an inital trimmed condition
without the need for cockpit control manipulation. It is

useful when, for example, step response runs are to be made.
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\Y Simulation Results

Simulation results are presented in this section. These
results are in the form of time responses to various step control
inputs.

The time responses are presented in a manner that permits
direct comparison with the linearized results generated in
Appendix D of Reference 1. In general, agreement between the
two sets of responses is very close.

It should be noted, however, that Reference 1 and this report
utilize the same analytically-derived data. Therefore agregment
between these two repurts does not in itself prove the validity
of either set of results. This proof can only be obtained by
comparing the present results with data obtained from some other
independent source. Unfortunately, however, specific data on
"Buffalo" and "Twin Ottexr" responses from other sources are not
currently available.

Accordingly, it is possible to say at this time only that
this report is consistent with Reference 1 and that both sets of
results are "reasonable". The time constants, frequencies, and
damping ratios of the various modes presented in Appendix D of
Reference 1 agree with results presented in this report. The
values of these parameters are in the expected ranges, and show

the normal variation with airspeed for each aircraft. Similarly,

control power values appear to be within the expected ranjes and in

proper proportions.
Responses Shown in this report are for the Cruise Flight Con-

dition. For the "Buffalo" this is level flight at 400 fps and
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10,000 ft altitude with a gross weight of 40,800 lbs. For the
"Twin Otter", cruise is defined as level flight at 278 fps and
10,000 feet with a gross weight of 12,000 lbs.

Figure 5 shows the response in pitch rate (@, pitch angle 0,
angle of attack o, altitude rate h, and forward speed U resulting
from a 1° step elevator input §, for the "Buffalo!. Lateral
degrees of freedom were suppressed during this run. This figure
compares with Figure D1 of Reference 1.

Figure 6 shows the same information for the "Twin Otter". This
figure corresponds to Figure D13 of Reference 1.

Figures 7 and 8 present lateral responses for the "Buffalo".
Here, longitudinal modes are suppressed. Figure 7 shows the re-
sponse in sideslip angle B8, roll rate P, roll angle ¢, yaw rate R,
and yaw angle ¥ resulting from a 1° step aileron input §,. Fig-
ure 7 compares with Figure D7 of Reference 1.

Figure 8 shows the response in the same parameters resulting
from a 1° step rudder input Gr. This figure corresponds to Fig-
ure D8 of Reference 1.

Figures 9 and 10 present lat:ral responses for the "Twin Otter"
for 1° aileron and rudder inputs, respectively. These figures

correspond to Figures D19 and D20 uf Reference 1.
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TABLE I

¥
SIMULATION PROGRAM LISTING’

— - e

_CeeeaeREVISED DATA FOR TWIN BTTER_ MG 6/16/7%

BLOCK DXTX 5
CensvospEVISED DATA FBR BU?VALOTER MG 6/16/71

REALTIX, 1Y IZ

COMMON/CONST/WE IGHT sRHOSEA S HATM, AsBiCaSIEPIARLICYSSCTR,CMTY

‘1 CHALF:CHUALFoC“ﬁ:CﬂDCE)CVBoCVR:CVP'CNBiCNDLR&CNRFINiDELCD:

2 CNPF!NaCLBJCLRFIN:CLP:CLDLA:TSTAT:lx:IYolZoQOH oCDFaNVEH:NTYPEo’ H

DATA NVEH/21/
DATA usxsnt.kuassA.HATMoALFaoL/uoooo 0:000237853250000;-.085/'
DATA AsBsCrSIEPIARL/54249640,1041294540,40435/ )
DATA CMT,CMALF,CMDALF,CMQ/CMDLE/0+0s=078s=6405,+3506s2412/
DATA CYBaCYR:CYP;CNB.CNDLR;CLB/-.362:o3680"°5500101"107"'125/ '
T T DRYR TNRFINLUNPF INS CLRFIN, TLP, CLDLA-/-o $69,+085,:038,°¢53,,20/
DATA CT1,CT2/DELCD, TSTAT/CDF/40037,6451E=64403,2240044 0032/
DagA lX.!Yl12/27300000215000014“70000/ 1 .
£
BLOCK DATA

!

TUUREAL TNV TT ' '
COMMBN/CONST/WE LGHT , RHOSEA, HATM, A;Boc.SoEPIARioCTl:CTEoCHTp
1 CMALF,CMDALF,CHQ, CMDLE,CYB, CYR,CYPJCNB,CNDLR, CNRF INSDELCD, '
2 CNPFIN:CLBACLRFleCLPaCLDLAlTSTATaIXoIY)IZOOOH 2COF )NVEH,NTYPE,
3 ALFBOL ! ' .
DATA NVEW/20/ i
DATA WtIGNTTRRHSEI7RXTHIIEFBDLiT?UUU?:000?378n32500 04=0092/
DATA A:BlClSoEPIAR1/5o2o6500:605,#20.0:00025/
DATA C™74CMALF,CHDALF2CPQ)CMDLE /000 ~e782~6015,°R4obs1473/
DATA CYR2CYRSCYP)CNRBICNDLRS (LB e 4925 ¢ 4292 0085701215 01070%01G3/
DATA CNRFINJUNPFINs CLRFINGCIP2CLOLA/ =+ 1682003300033 °¢53,438/
DATA CT14CY24DELCCH TSTATICOF /900377459, C7E=64 00352575042 4039/
D:EA TX 1YY T/2%300 02200042 5100C0/ '
[-_ H 1
¢ MAIN PROGRAM Yo ; .
DIMENSION DERIV(12),VINT(12)
REAL LIFT/LVSLRILP,LDLAINV,NR)NF,NDLR, IX, 1Y, 12 }
X Cﬁ“ﬂeN/dLlPRN/BLPFRQ:ITTB:IBLIP:PRNFRQ;ITTPoIPRN
: * COMMENITONST/WE ISRT, RRUSEA, HATH, A,a.c,s.EPIAai,cn,cre;CHT.l
1 CMALF,CMDALF,CMgp,CMDLE,CYB, CYR,CYPsCNB) CNDLR, CARF 1N, DELCD,
2 CNPFIN, CLB:CLRFIN;CEPaCLDLA:TSTAT:Ix:IYoIZ'OUM +COF)NVEH,NTYPE,

3 ALFBOL .
covunN xss,yss,zss,RNAx.RNax,RVAy,RNBY,RNAzoRvsl.hxk,de. !
1 WZZsXH DoYSD;ZSD:XTAU:YTAU;IIAUpJXaJYoJZ;SbUST:UN:VNaww
- ety THTRR‘THUCE'URIEY;AtFI&vRIoSIG !

COumuN RHB,S1GsOYNsCL,CDsyVeY lYPJLV:CLR;LRILPJLDLA:NV:CNko

1 NR,CNP;NRINDLR)CM)DELST

ceﬁveN ELTRH:DLE:DLA;DLRoTHROToGDLEoGDLA;GDLRoGELTRP:

1 TQNPNT:SLPBLpPTCHBR

c MMBN ALr,VR.LIFT,oRAG,oALr,THRUQT,UDBToaoﬁT:GDOT;VunT:P001:

T TROFT, THETOBY, pSTnAT,PHILAT, xpB T, YDOT, HDBT:UIN:O:VoP:R:THFTA'PSI:
2 PHI X2 YsHIBETA
¢cOMuBN GLOsALFBO
EQUIVALENCE (oERlV(l):UDaT):(DER]V(E)owdaT);(QERIV(S)oQPol)'
1 (DERIV(4),VDAT), (DERIVI51,PDAT), (DERIV(6)sROBT), (DERIV(7), THETDOT
212 (DERIV(8)PSINGT) 4 (DERIVI9),PHIDBT ), (DERIV(10)2XDAT ), (DERTV(11),

T 7 3YDOTTIINERTVII2TTROBTIZIVINT (12,002 tVINT(2)sW) s (VINT(3)2Q) s (VINT (4

4)2V) ) (VINTUS),P), (VINT(6)2R) 2 (VINT(7) 2 THETA) 2 (VINT(R)2PS] ) {VINT (O
SY PHTITACVINT{IO) s XY o LVINT(L1),Y) s (VINT(12)aH) . ,
NAMELTIST HaVRyXsY)PS1+PHIsP,Q4RaVIDELINTYPESWE IGHT '
X NAMELIST ELTRM)DLE,NLA,OLR, THROT ° ' '
NAMFLIST TMTHR, TMDLE .
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;
“x
1
E:
I
%
23
15
!

NSRS
< SRR
R b

N 1
~,__NAMELIST BLPFRG,PRNFRQ

1 . I
4 .

) ‘ TABLE I (Cont)
J

X

PRY7SCPBL, PTCRBRGSELTRM™
NAMELIST XSS:YSS.lSSoXSDoYSDoZSD.XTAUoYTAUolTAU'JXoJYoJZ
c
C
CALL SETPUT(32,3000;200000000n2000)
CALL SETPOT(13203000.2000;0000:2000)
12 NTYPESO
Céwsns CALL STANDBY
s - J# 031080
Covnat 3 OEr/SEC/POINTER WIDTH FER RATE OF TURN
JRNE 19,1
Crerev, DESTBALL=RIDTR FOR STTP
SLPRL5+73
Cevaen & DEGIUAR.HIDYH FAR PITCH
PTCHER= 144325 ;
Cevsgs 2 DEG/VQL?
uELTRH-GDLE-ooabgoss
Ceveas 2°3 OEG/VOLY ~
GOLK®+0116356
Ceones 4,3 DEG/VOLT !
GOLAs-00232712
‘c ' i )
E SET INITIAL CONDITIONS, IOLE L9GP
! H=6CQ0e
VRe 200+ .
YsPG[sPHIsPsQaHs TMTHRaTMDLESZ5Ge00
X BLPFRR¥104
X PRNFRG®] e
JXejyeyzet -
XSSxi4e
Y55l?1~o
XSD'2°3
YSDs1+6 \ '
ISDsto.
XTAUSYTAURZTAUSY WS
|DELl0°5

‘CALL IRINITIA
INPYT (135)
Cesses CALL COMPUTE
E68M® (31013
“TEMPYRLPFRG/DEL
ITTReTE~P )
TEMp-PRuFRo/DFH
ITTPeTE“P
IBLIP*IPRN® =1
88Me32¢2/WEIGHT
Do ¢t 1s1,9
1 DERIv(])=0s
SIGSEXP(=H/HATM) )
! RHA 2§ L.GYRHOSEA i
CLOs2+#AEIGHT/ (RHO#S#VRSVR)
ALFROsCLOZA+ALFBOL
Tt CYMETKYALFYOT
IF (SENSESWITCH5) 20, 21
+ 20 CONTINUE
U®VR4XSS
veYss
' W8 ZSS '

XXX XKW
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4 3
% TABLE I (Cont)
K7
< i
9 i GO 1B 22
It 4
e | WeVeO,
2 - "USVR
: 22 CONTINUE
5 VWHsWws0,
-3 . v UWsVR " e e
2 4 CUSTOFSCL¥CLHESTART
E ‘ DYNs ¢5¢RHB¢VRaVR
b . DRAGSTD#DYN#S
4 5 DRAGI*DRAG
; ALF1sALF )
{ .. VRlsvR .
4 5 SIGY=SI5 " "~ 7T
A ? Te=DEL . A
; ; RNAXs1+DEL/XTAU
E 5 RNAYa1+=DEL/YTAY
. i RNAZ#1v=DEL/ZTAD ~
4 i __ RNBX&XSD#SQRT {2+ #DEL/XTAU)
3 : RNBYeYSOWSURY (& aDEL/YTAUT
i : RNBZ#2SD#SQRT (24 #DEL/2TAU)
3 ) SGUSTsSIRTIXSSeXSS+YSBeYSS)
Y. 4 CALL ARM(0)
4 : CALL ENINT
% : CONNECT (40, AERD)
ks ! CevnosIDLE (9P ¢ TEST-UAGE CATLS OF ACRU
g , 10 CONTINUE
bt , X 11 CALL AERB
g C.ouu IDLE LUBP ¢ FAKE INT#00 USING F/FaTeleaSele IF INTe SySTCM DU,N
o ’ SKS 03700%
; s BRU $e1
4 ] EO™ 03500% <t -
3 S EOM 030200
k- , IF(SENSESWITCH1) 12,10
- j . END
E: j SUBROUT[NE AERS
: i plvEnSIsN BYE(3,3)
R: : DI™ENSISN-DERIV(12T, VINTTI2)
3 ; . REAL LIFTsLVsLRsLPILDLAINVINRyNPSNDLRS IXa1Y,12
3 . X COMMON/AL IPRN/BLPFRN, ITTB4 IBLTP)PRNFRQ, ITTP) IPRN
o ¢ COMMBN/CONST/WELGHT» RHBSEA) HATM, A2BrCaSIEPTARLSICTI,CT2,CHT)
3 : 1 CMALF)CMOALF,CM3,CMOLES CYB, CYR) CYP2 CNB CNDLR, CNRF INJDELCD,
4 ! 2 Cvg;é;,CLB.CLRFIN.CLP.CLDLA‘TSTAT'!x.lv.xz.oen 2CDF s NVEHSNTYPL)
¢ AP~
3 ) cb"“sv X862 YSS2ZSSIRNAXIRNEXIRNAY2RNBYIRNAZSRANBZs WX Xa WYY,
- SN 1 W7ZaX3D2YSD, 2S00 XTAUI YTAUS ZTAUS JX2 JY 2 JZaSGUST s UWs Vs Wi
7 CAMuBN THMTHR, T¥DLE)DRAG1,ALF12V1,51G1
i i coMuay RHO,S1G2OYNSCL,CO)YVaYR, YPaLVICLR, LRI LF)LDLA, NV CNR,
9 ; 1 NR,CNP,NP,NDLR,CM)CELS T
A ) coaN " FLTRM,DLE/DLA,DLR, THROT, 5OLE, GDLA, GDLR, GELTRM,
£ / 1 TRNPNT,SLPBL,PTCHBR
3 3 Clivugy ALF,VR)LIFT,DRAG, DALF, THRUST,UDOBT, WDOT, ILHT, VEST,PDOT,
E § 1 RD“T,TnETDBT,PSIDBT:°HIDOT,XDBT,YDQT;H70T1U1N1voVoP'R;THLTAoPSIo
B i 2 PHI,X,Y,H,)BETA
E ] COeMUON CLO,ALFHO
Z % EQUTVALENCE " (DERTV(1),UDBT), (DERIVIZ),WDAT), (DERIVI3),QD0T),
3 ; 1 (DERIV(u);VDnT);(DERIV(b)oPDOT):(DERlV(6)oR00T):(DERIV(7):T“=TJBT

S 2)2 (DERIV(81,PSIDOT), (DERIV(9),PHIDAT), (DERIVIL101,XDOT), (DERIV(11),

: . 3YDOT):(DER1V(12);HDBT):(VINT(l):U):(VINT(E):N)a(VINT(3))0)o(VlVT(“
)V LVINTIR) P, IVINTIAY SR 2 IVINTU7), THETA 2 {VINT(R)2PS]), (VINT(D
S)aPHTI A IVINT(10),X) s (VINTU11),¥), (VINT(12)sH)
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TABLE I (Cont)
:
3 Y c
5 ¢ CHRE¥ TIMING "SIGRA, SEY F7F" =
b s g8 030000
Ei (o RECTANGULAR INTEGRATION
=

2 T*T+DEL
3 09 10 1si,12
' 10 VINT(I)-VINT(I)+DERIV(X)ODEL
F C * KYYHERE”
3 Cevsse OLE FROM «10 V, DBWN TO +15 V. UP
E: Ceuwees [CLA FROM »15 V, RIGHT T8 +15 v, LEFT
- Ce ses DLR FROM =30 V, RIGHT T8 +30 V. LEFT
Cessee FELTRM FROM «i5 V. DOWN T8O +15 ve Up
C'Nv.' THRBT FROB™ <342 Ve IOLE T8 0 Ve FULL
CALC "ADLTZ0,EC TRHWDLE 7044 DLR, THROT)
ELTRM=GELTRMep | TRM
DLA=GDLADLA
DLRsGDOLR#JLR
DLE=GCLEeDLE+ELTRM -
THRYT=a1+4¢31250THROAT
c TOTAL VELOCITY
VRSCsUWRUN Vs VN+WH o WW
yReSERT (VRSR)
CALCULATE CBEFFICIENTS
SIGEXP(=H/HATM)
RHOsRHBSEARS]G
IF(T«SE+TMTHR)GE TA 81
b , IF(\VEH'EQeP)SIG]*1
. THROT=DRAGI# {14 4CT1aVRISCT2eVRI®VRI) Z{STIGI¢TSTAT)
81 IF(T.GE-TMDLE)GH TH R?
< DLE=G.
7 82 CONTINUE
e C COVVAIR IS SUPFRCHARGED*»*USE §15e) FOR YHRUST CaMP
3 IF(\'V:H'EQO?)SIqll
k' THRUST®THROT#SIGaTSTAT/(1++CT18VR*CT2+VRSD)
% c DYNAYIC PRESSURE
N DYNs.58HO®VRGO

. ot Sen g S 2
YA RS 2 R L

s

7.

RIS Sy

(g}

g lyienity

A}

¥ ‘ SPHIXSINIPHTY
o 5PS1SIN(PST)
STHa3IN(THETA)
CPH1#CO5({PHT)
CPS1sCo5 (PSI)
* CTHzCYS(THETA
CessnepBDYuYE EARTH TRANS MATRIX
STCu=STiHeCPS]
SSCPeSPS] #CPH]
SSSNsSPS ] #SPH]
BYE(1,1)9CTHaCPS]
BTE(i:?)USTCSoSDHI-SSCP
BTET1;3)¥STCSeCPHI+SSTP
BTE(2,1)%CTHagPS]
BYE(2,2)8S5SPaSTH+CIHT #CPS]
BTF (2, 3)1%SSCPeSTH-SPHIACHS]
BTE{3,1)eSTH
BTE(3,2)9=GPH]#CTH
BTE(353)s<CPHI#CTH
NEW SIND MADEL
FeSe 21027223 D8N FOR JUST IN XaY,2Z RESP
S+Sa S BET FBR STEADY STATE

VR
=yERES

.
ATy

arebe o
A e L

o
RO AN

b S it

ey
ToAry
TRy

T

i
“OoonNn

il

S L

S§KS 237006
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TABLE I (Cont)

S BRUY
"‘CTCL‘X . “GUETTXUUS;RNA'X.HNW)
J ]

S 8RU 12s
11 xGUSe0.
§{2 SKS 039007

S BRU 135

. "“'C¢tt“50§71YUUS;PNAY“RNBY:JY)
JYs2

s BRU 145

13 yYSGUSs0e
S14  SKS 030010
(] gRyU 158
T ERL{ SUSTTZHUS,RNAZ,RNBZFJ2)
Jiu2
G8 t8 3
15 2GuUSs=0.
3 IFISENSESWITCHS} 475
4 CENTINUE
WXXEXBE+(XGUSXSE~YBUS*YSET75GUST
WYY2YSS+(XGUS#YSS+YGUS#XSS) /SGUST
WZZs25S+2GUS
GO TH 6
5  wXXsX3U3 v ” -
wYYsYGUS
WZZeZGU5 ]
6  CENTINUE

o e e AL

Ceosue O0DY AXIS VELOBCITILS INCLUDING WINDS
UAS Jo (WXXOBTE (1, 1) +aYYEBTE(P,1)=W22*3TC(3,1))
VWeVe (CAXXBTE (1,2)+WYY#BTE(2,2) ~w2Z%3TE(3,2))
WWeae (IXX¥BTE(1,3)+4YY*BTE (P, 3)-wZZ*BTE(3,3))

C ANGLE 9% ATTACK,LIFT,DRAG™
ALFasATANZ (WW,UW)
CLeAaALF+CLO
COsCHF+CLeCLeEPIARY
GSRDYN#G
LIFT=CL«QS
DRAG=CORS

C SIDESLIP

BETAsATAN2(VW,uUw)

RvssRvy /2 RvsB-RvsB/e

RVSs,54RHA#VRaS
YVeRvVGeCY3
RVS3sRVGeB -
RV4ne5eRYVSB
YRaRV4#CYR
YPsRV4aCYP
LVeRVS8aCLS
CLRsCLRFIN++254CL
RVER2eIV44EB
LR*Rv4B2eCLR
LPaRV4BPeCLP
LOLAQS«BeCLDLA
NVoRV58#CNB
CNReCNRF IN= o254 (CNeTELCE)
NRwRy4322CNR
CNPsCNPFINwe2GeCLu (1 e=ANEPIAR])
NPsRv4B2e«CNP
NDLR=3SsBeCNDLR

(g}

RV4sRVSB/4

c CALCULATE AERBDYNAMIC FORCES
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TABLE I (Cont)

CALF=COS(ALF)

SRLFESINTICEY

Cenona BNGITUDINAL EQUATIONS

Cresvalf NTYPEW2, FLY BNLY LATERAL
IF(NTYPESNEVZ;30 T8 3}

T YDOTSHOETWRDEY0, T - 7T
Go T8 32

O T MOMENY

C X _FORTE
3% UDBTIOOHO(THRUSY-DRAGOCALFOL!FTOSALF-HEIGHTOSTH)-O'H*R'V
t =2 FBRCE
HDOT-BOM*!-LxrrﬁanF.DaAG-SALr+NEIGHroCTH-CPHx)+a-u-P-v
¢ “ALPHADBT
DALF'(WDOT-UHOUDBT/UH)oCALF!CALF/UH

C"'CMT‘CHALFOALF¢C0050(CHDALFQDALF*CMO'Q)/VR’CHDLE'DLE
T QDOYSCMUGSIT7YY T
o

Censinl ATERAL EQUATIONS
CennnalF NTYPC®1, FLY BNLY LBNGITUDINAL
~ CIPINTYPESNETGE TR I -
vDBT=PNET=RDBTs0,
G0 T8 33 - )
Y FARCE
32 VDOTHBOME (YVWV+YRaRYPUPFHE IGHY #SPH] ) eReU+P#Y

c
o #0"8" NT
.- YoyRL ReRet PePelDLAYDLA ) £ TX
c N MBMENT
ROBT# (NVeVWENR#R+NPEP+NDLR#DLR) /12
c
c

EULFR ANGLE TRANSFORMATIBN
33 THETDOTsQ#CPH]ReSPH]
TTPSTONT® (CRSPHI+RACPRTY/CTH
c PHIZBTsP+PSIDNTESTH

o

Ceosss XD2T,YDBT,HDNT IN EARTHeFIXED CBORDINATES
pé 3% 1s1,3

c as uthV(I¢9TrFTr(Ia1)-U:BTE(I.E).V+81E(I:3)-W
IF(NTYPEWNE2)60 T8 34
HDOTaTHETDBTsQ.
PSI0BT=R
PHIDYT=P

“35  CORTINUE =" -~ —= —-= =

c

1F (SENSCSWITCHR2) 71,72
71 DBxTHRIT#10.

c
CewessplIpS FOR TIME O8N STRIP CHART RECORDER
X=  cIscteeigLiP+l

X JPRNx [PRN+{
X IFCIBLIPCEQeITTRIGE TO 63
X DBe=254
X G0 T8 64
X 63 B8L1ps0O
g EREPEET m et o+ ot o= e
X 64 CONTINJE
DisHes00S
D2syR#ey
D3sTHETA#183425
D4sCLE®#143425
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Ceosan
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DSsPHI#5743
[ 28] [
O72DLA®11406

TABLE I (Cont) ‘

— s —
v N
3

O ' ‘
NTYPEe O FOR COUPLED, 1 FOR LONGITUDINAL ONLY, 2 FOR [ATERAL ONLY.
i :

IF(NTYPE®1)66,70,65 . . ot

70

65

P SR —

66
72

Covans
Cutdupe

c
c

200
201

DSsHDEY
DésnRe57.3
D7€ALF#{43s25
GO TO 66
DisPeS7,3

D29BETA28605 .
-

.
D4éspSle28465
CONTINUE .

CALL DAL(20001;Dg{p3)0#0050Q§!D7108) ; ) : )

CONTINUE

TURN= =TRNPNT#7,5+PS]00T v .
T USUYPY-A5VSLPELSBETA T : ;

HOBT IN FT/SEC, INDICATOR [N Fy,MIN ° :
<6+67 VBLTS/1000 CCIMB, 48433 VOLTS/1000 DESCEND :

IF (HDBT «GTe 04 )ROFCa +40D2eHBAT
IF(HDBT+LEsO )RAFCa +49984HDOT !

VR IN FT7SECT — CONVERY

T8 'RNBYS '

VKTSaVR#e59245QRT (RHB/RHOSEA )

tFivers-175012000 2000200

IF(vkTS=1254)201
IF (vkTS=444)202,

202" "ATRGpDeC, -

208
209

210
21

CawraaPRIN

61

1

G 12 211 '

12621209 -
2085208 - : '

AIRSPDS. 0224 {yKTSwkbs)

38 18 211

ATRSPDS 1748+.092¢(VKTS=125,) . S

Gl 18 211

ATRSPOY 2244%,02950 [VRTS=1753)

CONT INUE
AUT®4020H=80,

DIRGYR*+PS1e15,916667 :

[*DTRGYR#* 0}

DIRGYR®DIRGYR«[#100s !

[

i

~ RBLTTISBUPA] | = —m mromorm weeoe . .

1F(ABS(ROLL) oG

99+9)ROLLESIGN(9994RELL )

PITCHe5+4PTCHRR® (THETA+ALFBO)

RPMe3.4THROTH27,

D7A HERF

CALL DAL(28,
T =

IFLIPRNGNEW ITTP)

xiRN-O
{SENSESW]TCH

%Rx?E«:bu.lo?»%f

' [}

TURNiSLlp;RBFC,AIRSPQ:ALT:D!RGYR;ROLL'PITCH,QPM)
T=0uUT AT FREQUENCY PHNFRQ . :

Ga 10 62

62 :
SéélelVIN)VR:HoHDBTiALF057031THETA'5703;PH§'57030

"Y_PST'57037?!5?.35535763)R'57o3:THRUST:THRDT)L]FT:0RAG:DLE'57.3:

2 DLA#S743,0LR157.3,BETA®S 7.3

§ 12%,3Wes,F1y,4,
2 10X SALFem,Fyy,
3 Fiyena12XssPaee,

10y FORMATI: T-s,ra.g/:!;$UDOT-3,F11°4:1ax:$u-8;F11ohJIEXisv-SoFllo“:

1[X09VQ"IF)loﬁ/SXl’HUQJFlli“lSXIQHDaT'$OF110“I
y;BX;iTHETA-‘;FI1¢$:10X;$PH!":F11obi/¥¥l$P51'§l
Flla“llEXJCQlQ;Fllu“,12X;‘R..)F110“07X}$THRUST'$:
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"TABLE I (Cont)
' 1 . 1 [ ' ‘ :
H
X B P10 /202 8THROTE®sF11029 11XSLIFTOS,F1104s9Xs8DRAGESIF L1040 10X)
x TPTTv2; TRy WOLAWY; F i1 2; 74X SDLRVG, FITe2, 11X, SBETAS,
' X 6 Flteb/7/) ' . ! " : |
X 62 (CONTINUE )
C ) N : , e N
Cesnas TIMING SIGNAL, RESETF/F . ' .
S E8M 030001 . - oo ' ‘
. ReT . ' ‘ | .
‘ H ) : N ' ;
" ]
. ' ' H
1 o
] ] H \
| ‘ oo :
l 1
, . i i
1 i ’
vy '
. C
‘ : ) ]
v ¥
i ' I '
. |
[ ] 1 ! ! ! !
}
¢ ¥
. N !
i !
1 H
] ' ' !
H , !
. , |
' ) !
| ]
]
, ) [
\ } ) ! ' g
{
, i
i ) '
!
1 ' \ | “
| SRR |
. . ! )
\ ' ‘ h
i §
. l A !
i t . ‘ -
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OHC-¢ TWIN OTTER

Announced in August 1964, the Twin Otter is
a STOL traneport powored by two Pratt &
Whitney (UAC) 6A.20 turboprop engines.
Design work began in January 1964,  Construc.
tion of an imtial bateh of Twin Otters was started
in November of the vanms year and the first of
theso flow on May 20, 1965,

At the beginning of 1967, & total of 52 Twin
Otters had been delivored or wore on order, with
options on 11 more. They included oight for the
Cgllcan Air Force, two for Trans.Australien
Aithinea, one for the Canadian Departmont of
Lands and Forests, four for Aeta pi of Italy,
one for Northern Consolidated Aithnes, and
others for Bilgnm Astline and Air Wiconsin,
USA. Production was scheduled to ho at the
rate of six & month through 1967.

Under development for delivery 1n 1968 ix o
verion of the Twin Otter with more powerful
(640 eahp) Pratt & Whitney PT6A.27 turboprop
enginw, longer nose to provide more baggage
spaco, and AUW of 12,500 Ib (5,670 kg). The

following «lata refer to the current production
model.

Tyrg: Twin.turbopeop STOJ. transport.

Winos: Braced high.wing monoplane, with s
single stresmhine.section bracing steut on each
side. Wing section NACA 0A series mean hine;
NACA 0016 (moditied) thickness distnbution,
Aspect ratio 10, Constant chord of 6 & 6w
(198 m). Dihedral 2. Incidence 2° 30°,
No swespback. All:metal safe.ife structure,
All.metal silerons which also droop for use as
flaps.  Double slotted  all.metal full span
trailng-edge flaps. No spoilers.  Trim-tabe in

| I ti t deacing

optional.

Fusktaor. Conventional all-inctal sema monos
coquo safelife structure,

Tair Unir: Cantilever all-metal structure of
high strength aluminiwn_ slloys. Fin integral
with fuselsge. Fixed.ancidence tailplane, Trim.

tabe in rudder and port elevator, latter mter-
connected with flape. Preumatic deicing
boots on tailpl leading edgs opt 2

Lanpine Gean: Non.retractable tricycls type,
with steerable nose-wheel. Rubber shock
absorption on main umts, Oleo pneumatic
nose.wheel shock-absorber, Goodyear mam
wheel tyres size 11:00 x 12, pressure 32 Ibfsq
(225 Kgleir?)  Goodyear nose:wheel tyre mize
890 x 12:50, presaure 31 Ibfsq an {218 kgfend).
Goodrich hvdraulic  brakes. Provimon for
alternativo float and sky gear,

Powen Prast Two 379 eshp Pratt & Whitney
(U'AC) PT6A.20 turthoprop  engines, rach
driving a Hartzell theee-blade reverible.pitch
fully feathenng nietal propeller, diameter 3 ft
O (248 m)  Fuelin two tanks (8 celle) under
cabin Hoor: total capacity 919 Imp gallons
(4,178 Nitres)  Two refuelling points on port
side of fuselage. i capacity 2 linp gallons
(9 htres) rer engine.  Electrie de cing »yston
for propellers and air-intekes optional.

éo Havllland Canada DHC-¢ T-In- Otter twin-turbeprep transpert

Aoccoramodation: Two seats side.by-side on flight
deck, Scats for 13.18 passengers in main
cabin, Cabin divided by bulkhead into main
pessenger or freight compartment and baggage
or toilet compartment. Door on each aide of
matn cabin, at rear.  Baggege compartmentain
nose and aft of cabin, each with upward.
hinged door on port mide.

8ysrxua: Hydraul'o system, pressure 1,500 lb/
.1.., (103 Xgferd), for flaps, brakes and nose.
wheel steering. No pneumatic system. One
200A starter-generator on each engine,

Ezxcrronics aNDp EQuirxeNt: Radio and radar
to cuatoroer's specification.  Rhind.flyinginstru.
mentation standard.

DiMENaIONS, EXTRRNALL

span 65 Oin (1981 m)
Length overall 40 R 61n (1509 m)
Height overall 1888 71n (568 m}
Tallplane s 21 A 0 (640 m)
Wheel teac! 122 8 (358 m)
Whaolbuo, 149 (4:50m)
Pasee door (port sid«).

Hoing:r P 4020 (127 m)

Width 1A 61 (070 m)

Heght to sill IA 0w (11T m)
an\rr door {starboard side)s

Height IR (115 m)

Source: Reference 3

Wuith 2 61 (076 m)

Height toaill 3N 100 (11T m)
Ihfgm compatrtment door (noac):

Height to sill 3N 10w (11T m)
Baggage compartnient door (port, rear):

|§'§mm S8 2m {27 m)

Width 40 8in(l42m)

Height to mill IR0 (LITm)

DIMENSIONS, INTERNAL:
Cabin, excluding fight deck, galley and baggage
or toilet compartinent.

length ISR 6 {584 m)
Max width S & 3 (1-60m)
Max height 48 15m (150 m)
Floor area 8028 R (745 o)
Volume IBdcu ft (1087 1?)

Baggsge compartment {noav) volume
22cuft (v62m)
Haggsge compartment {rear) volume
S2cuft (147 n?)
AREAS: *
Wiags, gross 420 0 0t (3002 o)
Ailerona (total) 332sq N (308 )
Trailing edge flapa {total) 1122sq & (10 42 m)
Fin 480eq A (446 mY)
Rudder, including tab 340sg R (320 11?)

FIGURE 1

-35~

Tailplane 100 0q 1t (922 0d)
Elevatom, including tab 35aq R (325 1)
Wrianrs:

Basc operating weight, including pulot (230 1h.
717 kg), radio (100 1bm 435 kg) and full ol

6,170 1b (2,800 ki)
Max payload (for 100 mile w 160 hm range)

4,430 b (2,010 82)
Max T-0 werght 11,5791 3,252 40}
Max landing weight 11,000 1b (4,990 bg)

PERYORMANCE (8t inax T-O weght).
Max cruining spevd at 10,000 R (3,030 )
184 miph (297 haub)
Econ etuising spred ot 10,000 f {3,050 m)
186 mph (251 kmh)
Landing speed 64 3 mph {104 kmh)
Rate of chimb at S/l 1,550 A (472 m} min
Service ceihng 25,300 R (7.370 m)
Servize ceiling, one engine out 8,500 R (2.3901n)
T-0 to 80 ft (15 m):
U 120 (341 m)

8TOl. N

CAR Pt 3 1,700 &t (318 n)
Landing from 30 ft (15 m):

STOL 1,020 A (311 )

CAR It 3 2,160 1 (853 )

Range with max fuel, 30 imin resenve
920 nutes (1,480 kin)
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DHC-EJBuRale twin-turboprop STOL wtliity transport
DHC-8 BUFFALO LaNDING  GEAR:  Retractable trieycle  type. AREas:

Differencon between tho U8 and Cansdian
versions aro as follows:

OV-TA. U8 model, with 2,850 eshp Genersl
Electrio T84.GE.10 turboprope. Overall length
TTR 4m (2357 m). Designation may be changed
following for of ibility for al
in this category frem US Army w0 USAY.

€0-118. Canadian Defence Force model, with
3,055 eshp General Electric T64/P2 turbop

Hydraulic retraction, nose unit aft, mam umte
forward. Jarry Hydraulies  oleo.pueumatie
shock-absorbers, Goodrich mamv wheels ang
tyres, 8120 37 00 % 150012, presaure 43 1b sqan
{316 ). Goodrich nose wheels and tyres
size 890 x 12350, pressure 38 lbjsq i (267
kgfem?). Goodnch multi-dise brakes.

Powen PLaxt: Two General Electric T64 turbo.

prop engines (details under entries for in.
(::\'ldl:ll versions, above), e/ch dnving e

Overall length 79 & 0 (2408 in). Otherwise
similar to CV-7A, with only smsll differences in
performance.

Winos: Cantilever Ligh-wing monoplane. Wing
soction NACA 64,A4175 (mod) at root,
NACA 63,A815 (mod) st tip. Aspect ratio
928, Chord 11 & 9} in (359 m) st root,
8 & 11 m (1110 m) at tip. Dihedrsl 0* inhoard
of nacelles, 8° outboard. Incidence 2° 30°.
Sweepback st quarter chord 1* 40°. Con.
ventional fail-safo multi-spar structure of high.
strength aluminium alloys. Full span double.
slotted al ium alloy tlape, outboard sect
functi o ik Al alloy

slot-hp epoil forward of inboard flaps, are

sctusted by Jarry Hydraulics unit, Spoilers
pled 1ly-op 1 ait for

lateral control, pled for syp

ground operation. Electrically.actuated tnm.

tab in starboard aileron. Qoared tab in each

ateron. Rudd ) i tab on

dard 63L80.13 three.blade pro.
peller, diameter 14 R 610 (4 42m).  Fuelinone
integral tank m each inner wing, capacity 333
Imp galione (2,423 litres) and rubber bag tanka
in each outer wing, capacity 336 Imp gallons
{1,527 ltres). Totatl fuel capacity 1,333 Imp
gallons (7,900 litees). Refuelling potnte abore
wings sud i side of fuselage for pressure
retuelling.  Total o1} capacity 10 Iinp gallons
(455 htres),

“ DIMENSIONS, EXTERNAL:

port ailoron, Outer wing |e.dm.ed§u fitted
T s e

with y tr
rubber de loer boota.

Fussraox: Feil.safe steucturs of high.eteength
aluminium slloy. floor supported by
longitudinal keel members.

Tait Uxrr: Cantilever structure of high.strength
aluminium alloy, with fized.incidence tailplane
mounted at tip of in, Elevator serodynamie.
ally and mass.balanced. Fore and trailing
serially-hinged rudders are po d by tand

Aant o)

scks operated by two h
£ tomy. manufactured by Jarry Hydreulics.
1‘::::405 on port elevator, sprng-tab on
starboard  elevator,  Electrically-oontrolled
flush rubber de-loee boot on tall.

plane adge.

Source: Reference 3

Wing s 98 Oin (20-26 m)
Le: hp:\"‘enlla 3
CV.7A 1T 8 4ia (23-87 m)
CC:118 798 0m (2408 m)
Height overall 2848 8m (873 m)
Tailplane o 32 0w (976 m)
Whevl trace NR6n (020m)
Wheelbase 27 Nl (880m)
Cabin doors (each side):
Height SR 6in (1:68m)
Width 2R 9in (0-84 m)
Height to aill IR0 (117 m)
E y oxits (each side, below wing
leading.edge):
Hoight 3R 4in (1:02m)
Width 2/ 2 (066 m)
Height to sill approx &8t O (1:62m)
Rear cargo loading door and nmgn 3
He?ht 20 9in (633 m)
Width TR 6m (233 m)
Height to ramp hinge IAI0OM (11T m)
Din INT! ALY
Cabin, excluding flight deck:
Length, cargo floor 3IASm (936 m)
Max width 88 9 (267 m)
Max height 6t 10mn (208 m)
Floor area 243 5 0q N (2263 ?)
Vclume 1,715 cu it (48:56 n?)
Figure 2
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Wings, groee 948 sq R (878 )

Arlorons {total} 39 8q ft (362 n)

Trahing-edge flaps (total, including silerons)
280 aq ft (26-01 )

Spoilere (total) 252 0q f} (2:34 )
Fin 92 aq ft (8 85 m*)
Rudder, including tab 60 agq f {557 )
Talplans 151:5 sq & (1407 )

Elevators, including tab 81:5 aq ft (757 m?)
Weiours Axp Loapivos:

Operating weight empty, including 3 crew at

200 Iy (91 kg) each, plus trapped fuel and o1l

and full cargo handiing equnrmem
23,187 1b (10,508 kg)
Max payload 13,843 D (6,270 kg)
Max T.0 weight 41,000 1b (18,698 Lg)
Max zoro.fusl weight 317,0001b {16,783 kg)
Max landing weight 39,000 Ib (17,600 kg)

Max wing loading 43-41bfagq R (212 kg/m')
Max power loading  7:2 Ibjeshp (327 kg/eshp)

Praroruance (CV.7A, at max T.0 weight):
Max lovel epeod at 10,000 & (3,050 m)
271 mph (436 kmh)
Max permismble diving o)
pe ' 8 wgsc raph (537 kmh)
Max cruising speed at 10,000 £ (3,030 m)

271 mfh {438 kmh}

Econ cruising spoed at 10,000 ft (3,050 m)
208 roph (335 kmh)
Stalling speed, 40° flape at 39,000 [b (17,600 kg)
AU\& peed i 13 mp!‘;vuzo kmh)

Stalling s . flape up at max AU

8 speed, flape up 105 mph (169 kroh)
Rate of climb at SJL 1,890 & (878 m) min
Service ceiling 30,000 A (9,150 m})

Servica ceiling, one engine out

14,300 & (4,360 m)
T-0 run on firm dry eod 1,040 (317 m)
T-0 to 30 & (13 m) from firm dry sod
1,640 R (470 m)
Landing from 80 & (15 m) on Brm dry sod
1,120 8 (342 m)

Landing run on firm dry sod SI0R (186 m)
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g : Appendix: Development of Expression for Thrust

The longitudinal force equation of Section II includes the

i

g total thrust force T. Since directly applicable data on the pro-
;g, pulsive system installation of the "Buffalo" and "Twin Otter" are
4

- not available, an expression for T is developed here for use in

the simulation. Although the expression is adequate for the simu-
lation documented in this report, it must be considered an approx-
imate one.

Thrust developed by a propeller is

P
np‘_,
where P is the power supplied to the propeller, V is the velocity

T =

of the propeller with respect to the air, and Np is the propeller

efficiency. Power supplied to the propeller 1s expressed in this

report as
E. P=g9 P, ¢
where ¢ is the atmospheric density ratio, P, is the rated power out-

put of the engine at sea level, and & is the pilot's throttle de-

g . .

3 flection, expressed as a fraction 1.00
g7,

1

E [ e
- Pt Mn‘\ﬂ“““‘glmo 3
o . 7. - / J A

. of the deflection for rated power, % " L oammmEEE =1
p: L. . * Y% !
e Propeller efficiency, np, is i

. obtained from Figure 3-17 of o

i » S ener N,

Aggezacmate pragt )

' * raumum i
T (Getemum t23aeg)

Reference 2 (reproduced here)

« 1 2 3
J/Cpte

Frovre 3-17. Propeller efitcrency aneoan. wible),

- A=l -




as a function of advance ratio J and power coefficient Cp. By
definition,
J = 60V
ND

and
.5P/1000

Cp =
o (N/1000)3(D/10) >

where V is in ft/sec, N is propeller speed in rpm, D is propeller
diameter in feet, and P is power in horsepower units.

For the "Buffalo" (Figure 2) with its two T64-GE-10 engines,
N = 1160 rpm, D = 14.7 ft, and Py = 2850 ESHP/engine, so, at sea
level,

Cp = 137
or

cpl/3 = ,515
Entering Figure 3-17 at J/Cpl/3 = 2.0 gives Ny = .79. This value
of J/Cpl/3 corresponds to J = 1. 03 or V = 293 fps. Therefore

R
T = .79 (2850) (350) _ - 1lbs/engine

293
or, for two engines, 8440 lbs. Repeating this calculation for

other values of J/Cpl/3 produces the required thrust vs speed

relationship.

This thrust - speed curve can be represented by an equation of

the form
T = Tstatic
rated power, 1T C Vo + C v 2
sea level Ty 'R T, R

By curve-fitting techniques, it can be established that, for the

"Buffalo",

- A=2 =




Gasiassu i

o T O L Ty
~ fw i

wm e

iy = 22400 1bs R C

static .
. Cp, = 00370 fps~l BN R
. . l
. 5 !

Cp, = 6.51x10°° fps™? \ -

The process is repedted for the "Twin Otter" (Figure 1l). For,this
: ) * . ) .
aircraft (with two PT6A-20 engines), N =2200 rph, D = 8.5 ft, and
i . §
P, =652 ESHP/engihe. The required constants are established as:

TStatic = 5750 lbs : .

, )
Cp, = 00378 fps~1 ’
. . ? i ! H i
Cp, = 9.07x107° fps™* .

i
These values are tabulated in Section II where, simulation input

guantities are listed. , ; )
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