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INTRODUCTION

The HITVAL project has identified a need to determine the attitude of fixed- and
rotary-wing aircraft participating in a field test.! This note presents one method by which the
attitude of fixed-wing aircraft can be determined from the time history of aircraft position.
The general approach used is discussed below.

During the field test, the position of each aircraft will be accurately determined by
tracking systems such as a laser tracker, radars, and cinetheodolites. In the case of fixed-wing
aircraft, the time history of position—the flight path—is the result of the forces of thrust, drag,
lift, and gravity. An additional force—the side force—also acts on the aircraft if the aircraft is
sideslipping. The side force is usually small compared to the other forces.

It is possible to compute the attitude of a fixed-wing aircraft from flight-path data if the
weight and a few other characteristics of the aircraft are known and if the side force is
negligible. This paper describes a computer program, ANGLE, which performs the nece ‘
calculations. Comparison of the attitude derived from a flight path with the attitude‘that
generated the flight path shows agreement that is usually within 20 mrad. The coﬁlputer
program is based on the F-4 but can be adapted to any fixed-wing aircraft. The same approach
cannot be applied in general to rotary-wing aircraft.

The accuracy of the output of program ANGLE depends on the accuracy with which
the acceleration of the aircraft can be computed from position data. The noise that is normally
a part of data obtained from field tests will degrade the accuracy of the method. This problem
may be minimized by using acceleration data from the field tests when these data are available.

1. Design of a Field Test for Probability of Hit by Antiaircraft Guns, WSEG Report 197, February 1973, p. 31.
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THEORY

The method of solution is based on the assumption that the velocity, lift, drag, and
thrust vectors are all in a single plane. This is tantamount to saying that there is no sideslip and
that the aircraft, including the propulsion system, is symmetrical about a plane. This plane is
called the aircraft plane of symmetry.

The net force acting on an aircraft includes the force of gravity —weight—as well as the
aerodynamic forces—lift and drag—and the propulsion force—thrust. The force of gravity is
essentially a constant vector within the airspace of interest, say within a cube a few kilometers
on each side. The net acceleration of a body is the vector sum of the accelerations that would
result from each external force acting on the body. Therefore, the acceleration resulting from
aerodynamic and propulsion forces can be obtained by subtracting the vector acceleration of
gravity from the net acceleration. The program ANGLE does this and then computes the
aerodynamic and propulsion forces and the attitude of the aircraft required to develop the
aerodynamic forces.

The main steps in the ANGLE computations are as follows:

(1) The velocity and net acceleration of the aircraft are determined from the flight
path. This step can be skipped if velocity and acceleration are known, say from
field test data.

(2) The vector acceleration of gravity is subtracted, leaving the acceleraticn due to
aerodynamic and propulsion forces.

(3) Thrust is computed on the basis of acceleration in the direction of the velocity
vector and estimated (previcus) values of drag and angle of attack.

(4) Lift is computed on the basis of the computed thrust and the acceleration
perpendicular to the velocity vector.

(5) The angle of attack required to produce the lift is computed from known
aerodynamic characteristics of the aircraft. This is compared to the estimated
value to see if another iteration is needed.

(6) The attitude angles of the aircraft—pitch, yaw, and roll-are computed from the
direction of the velocity vector, the direction of the acceleration due to aero-
dynamic and propulsion forces, and the angle of attack.

These steps are shown in somewhat more detail in Figure 1. The variables are defined in the
list on page 20.
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Input aircraft weight, reference area, etc. Input the flight path (i.e., the
time history of aircraft position). For purposes of comparison, input
the values of yaw, pitch, roll, and angle of attack that generated the

time history of position.

Compute initial estimate of previous drag, DP, and previous angle of
attack, ALPHP.

b 4

Make a piecewise least squares fit of a third degree polynomial to the
flight path, and compute the velocity and acceleration vector.

v

Modify acceleration vector for acceleration of gravity, and compute
ALNG acceleration as inner product of acceleration and normalized
velocity vector. Compute ANOR acceleration.

I

Solve for thrust on the basis of previous drag. Solve for lift on the basis
— of this computed thrust. Find CL and drag, called DP. Solve for the
angle of attack, Al_PH, to produce the computed value of CL.

GE

ALPH-ALPHP
:.005

With velocity and ANOR vectors and ALPH, solve for the centerline
vector CLINE. Call THEPHI to find yaw and pitch.

—— =
Take cross product of CLINE and a vertical vector to obtain HL. Take
cross product of yelocity and ANOR to obtain W. Find roll angle, the

angle between HL and W.

Output: aircraft attitude (yaw, pitch, and roll) and aircraft angle of
attack. For comparison, print out the values of the attitude angles and
the angle of attack that generated the flight path.

5-9-73-10

Figure 1. Main Steps in Program ANGLE
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The computations of thrust and lift are easily derived from Figure 2, which shows the
relevant vectors and angles in the plane of symmetry. Summing forces in the direction of
velocity gives

T - cos (ALPH + TA) - DP = ALNG - WT/g
where g is the acceleration of gravity (9.8 m/secz). Summing forces in the direction of lift gives
L+ T.sin (ALPH + TA) = ANOR - WT/g

The coefficient of lift is defined by CL = L/qS, where q is dynamic pressure and S is a
constant reference area known for each aircraft. By definition q (called QUE in ANGLE) is
one-half the product of atmospheric density and the square of the aircraft speed. Atmospheric
density decreases with increasing altitude. In ANGLE the ratio of density at altitude H to
density at sea level is computed from

H 1.047
SIG =exp |-.0948 1000 !

where H is in meters. This compares with the international standard atmosphere as shown in

5-9-73-11

Figure 2. Vectors in the Plane of Symmetry
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Table 1. Then q is computed from ;

QUE =.0624 - SIG - V2,

where V is speed in meters per second.

Table 1. Comparison of SIG with Values from the Standard Atmosphere

Altitude
Computed Standard
Meters Feet SIG SIG
0 0 1.000 - : 1.000
1,524 5,000 0.863 - 0.862
3,049 10,000 0.737 0.738
6,096 20,000 0.533 0.533

Angle of attack, ALPH, is determined from a piecewise-linear approximation to the
known relation between ALPH and CL. The approximation is plotted with appropriate CL
versus ALPH curves in Figure 3.

Drag is computed from DP = CpqS, the defining equation for the coefficient of drag.
Cp is computed from Cp = .024 +.3045 - CL2-76_ This function is compared to the function
known from empirical data in Figure 4. Note that (1) drag depends on angle of attack and (2)
the computation of thrust requires that angle of attack and drag be known. Each computation
of thrust uses the previously computed values of angle of attack and drag (hence the
nomenclature DP for “‘drag, previous’). After each computation of angle of attack, the new
value is compared with the old value and the computation cycle (beginning with the
computation of thrust) is repeated if the agreement is not within 5 mrad. It is seldom
necessary to repeat the cycle.

After angle of attack is known, a vector pointing forward along the aircraft longitudinal
reference line is computed by adding to the velocity vector a vector that (1) is normal to
velocity and in the plane of symmetry and (2) has magnitude equal to speed times the tangent
of the angle of attack. The direction of this vector (CLINE for “centerline’) determines the
pitch and yaw angles of the aircraft.

A horizontal unit vector HL perpendicular to CLINE is found as the normalized cross
product of CLINE and a vertical vector. A unit vector W out the right side of the aircraft
(perpendicular to the plane of symmetry) is found as the normalized cross product of the
velocity vector and ANOR. Then the roll angle is computed as the angle between W and HL.
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COMPARISON WITH DATA
FROM SIMULATION OF FLIGHT PATH

To illustrate the accuracy with which ANGLE can determine aircraft attitude, the
program was used to compute attitude for a flight path that was generated by AFATL, Eglin
AFB, Florida. AFATL generated the flight path with a computer program that performs a
numerical integration of the equations of motion. The data provided by AFATL include the
aircraft attitude and angle of attack as well as the position at each instant of time. Data are
presented at 0.2-second intervals.

The position data were read and processed by ANGLE; the aircraft attitudes computed
by ANGLE, and the attitudes that had been used by the AFATL program to compute the
position data, were printed out for comparison. These results are given in Table 2. Attitude
values from the AFATL data are labeled IN, and the corresponding values computed
by ANGLE are labeled OUT. The column of integers at the far right is the number of
iterations required in the T - L - DP + ALPH -+ T cycle.

The flight path used in the comparison is typical of the F-4 flight paths to be used in the
HITVAL test program. The aircraft approaches in level flight, rolls to the left, and pulls down
into a 45-degree dive. It then rolls back to wings level, continues the dive, and reaches an
ordnance release point at an altitude of 1,061 meters (corresponding to a breakaway distance
of 1.5 km) at a speed of 257 meters per second (500 knots). At the release point, the aircraft
begins to pull out of the dive, developing a normal acceleration of 4 to 5 g’s. Then the aircraft
turns to the left again and leaves the area in a climb.

From Table 2, it is apparent that the attitude and angle of attack computed by ANGLE
and the corresponding values from AFATL usually agree to within 10 mrad (0.6 degree). The
poorest agreement is in ROLL, where differences of about 50 mrad (3 degrees) sometimes
occur for 0.2 to 0.4 second. As noted in the Introduction, noise or other inaccuracies in the
aircraft position data will degrade the accuracy of the computed attitude.
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Yaw IN

-.18
o =79
=79
=79
-.78
- 79
79
79
-.78
-.79
.79
-.79
-.78
=79
-.79
“«79
" 78
-, 79
-.79
-,79
welB
19
-.79
-.79
-,78
-, 79
=79
-,79
-, 78
-.79
‘i » -,78
~e78
=77
- =76
=74
» s Tée
“e70
“eh8B
=56
“ehb
“eh3
"eh2

“ehl

=e87

=55
=56
.33
-.%2
wa9]
=50
.49
.09
-,48
.47
-,46
-,45
-, 44
=4l

Yaw Ayl

-, 79
- 19
-y TR
-9
CTRA
-, 79
- TG
-, 72
e T
CTNA
-7
-e Ty
- 19
-e 9
B
P ]
TR
-y 1C
- 13
P
-y T4

Table 2. Example of Program Printout
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PITew IN PITCH OUT ROLL IN ROLL OUT

«n3
N3
<03
«03
.03
.03
.03
.n3
.03
N3
"3
.03
.13
N3
.n3
«N3
N3
o3
.03
NE]
.03

=37

«03
oVl
.03
03
k]
V3
o003
«03
W V3
V3
WV3
V3
V3
oV3
o3
V3
.03
V3
V3
Nk
k]
V3
WV3
WVl
V3
3
V3
«03
V3
V3
06
(X'
005
'k}
V6
Vb
«US
«05
lé
«V3
s0l
=evl
=sV3
=eUS
-eu8
=el0
sl
“eld
=15
=elb
-, 47
=el9
=lV
=-ell
=-.22

0,00 .00
0.00 01
=0,00 -e02
=0,00 -e00
0,00 <00
v,00 .01
-0,00 o2
-0.00 002
0,00 .00
0,00 o0l
-0,00 «o01
=0,00 =401
0,00 -o01
0,00 W01
=0,00 201
=0,00 .02
0400 00
0,00 -el1
=0,00 -0
0,00 -,00
V.00 -eN0
V,00 el
-0,00 .00
=0,00 =401
Ve 00 «00
0,00 <01
=000 «01
0,00 .01
=0,00 01
0,00 -a04
=e04 -oll
-e15 ~e20
=«30 -¢33
-.46 -ek?
=62 =-e63
-.78 -e79
-e93 -e95

“le0Y =1°*10
“1e25  -1.25

=)eal -104])
=157 =156
=] vTe =17
~1.84 -1¢87

=2.0% =202
=2.19 =21k
=2¢34 =229
=2e42 =238

“2.46 2462
=241 2044
=241 =2e473
=241l =261
=2.41 -Peb)
=2e4) =204
=2+4] =2ebk]

=2.40 -2l
=2.40 =2440
=240 240
=2.39 «2e39
=239 =239
=2.39 «2e39
“2.39 =239
=2.38 =239
=2.38 «2.38
=2,38 =238
=2,37 -237
=2.37 =237
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ALPH IN

«03
«03
N3
«03
0"3
«03
.03
03
03
«03
'03
«03
«03
.03
«03
«03
«03
'"3
en3
«N3
03
N3
."3
N3
on3
N3
N3
N3
«N3
«03
«03
o0&
NS
«05
N6
07
07
*OR
Ny
«09
«10
10
10
10
10
Ny
*10
*10
10
10
10
«10
« 09
«09
«10
010
onYy
«10
(A RY
on9
*10
o 10
10
10
10
10

aLPW oUrT

.03
«03
o013
e 013
U3
o013
03
«03
«03
03
o023
«01
03
.oa
03
«03
.0‘
.o’
«013
«03
«03
.03
.03
«03
« 07
« 03
«03
«03
‘03
«03
«Na
U4
.0‘
e 0R
o UA
07
«07
e(R
«09
00
009
oln
oln
oln
eln
eln
eln
oln
oln
eln
eln
oln
ol
eln
oln
o0
oln
oln
oln
olo
eoln
oln
oln
oln
oln
oln
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Yaw IN

=42
-eb]
“eb]
=40
=39
-,38
~e 37
=.36
=e35
- 14
=s33
=-.32
=31
=30
29
=27
=26
=25
=24
-.23
-e22
=21
“e20
~.18
=17
=.16
.15
“el3
=12
“ell
“e10
=.N8
=en?
=enb
“eN4
=e03
=0l
0.00

02

03

«nl

N2
Ve00
“Ven0

Nl

o0l

0400
UeNO
Ue00
o0l
01

VN0
V,00
V,n0

o1

YaW Ayt

- b2
=-eb)
-eh”
-e 3@
-eldY
-3
-ed7
-e3n
-e 3%
weda
=e33
-eld?
-edl
-e3n
-e2k
-el?
a2k
=25
el
=e22
-el2
=e2]
®el2)
-elR
e l?
-elh
-y ]lS
=el3
“el?
*ell
-eln
we QR
=07
el
o046
««03
=01
«0n
o0
02
00?2
02
002
«01
01
«0]
«0)
o 02
«0?
«02
«02
o 02
002
«01
«01
o 01
«0n
«Un
<00
«0n
«01
«0n
o0
« 0
oor
«01
$ 00
<0
.o“

onr

PlTcw IN

-.38
=.39
=40
-.62
-.43
-, 4é
-.45
-.46
~.48
“, 49
=.50
=.51
=-.52
-.53
-.55
-.56
=.57
=.58
=59
=.60
=61
=.h3
=.hé
k5
=.66
=67
=.68
=.h9
=70
=71
=72
=eT3
T4
=.75
.76
=77
-.7‘
=79
“.80
.80
.81
=A0
-.79
.79
719
=79
-.78
-.78
-,78
-, 7R
AL
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Table 2 (Continued)

PITCH OUT ROLL IN ROLL OUT

-,38
-39
-.‘0
-.42
-.QJ
-, b4
-, 45
-.46
-8
- %9
=20
=9l
=-e92
-6
=95
-e96
-,97
=58
=99
=-s00
=e02
=e03
-o04
=65
-,66
-e07
-,68
=069
=e70
=eTl
=72
=73
“oTé
o715
=76
=77
-+78
=19
=79
=80
=e80
=-e¥0
=e80

=79

- 17
=17
=77
- 17
17
- I7
=17
- 77
=17
=17
-7
-o 78
-, 78
-, 18
- 78

=2.37 2437
=2.36 =236
=236 =2e38
“2435 =236
=235 =235
-2.35 =235
2,34 24,34
=2.34 =234
=2.33 =233
-2.33 -2432
-2.32 =2.33
-2.32 =2+32
“2.31 =203}
=2.31 =231
=230 =2¢30
2429 =230
-2.29 =229
=2.28 =229
=2.28 =2.28
“2.217 =227
w2.27 =2+26
=2.26 =226
=2425 2425
“2.24 =225
«2.,23 =2+23
“2.23 =2e22
=2e22 =2¢21
=2+21 =2e2]
=220 ’2'20
=2.19 =220
“2.19 =2¢18
=2.18 =718
“2.17 =2016
=2.15 =2016
“2.15 =2el6
w214 =2014
“2.12 =212
«2.11 *2e11
2409 =211
“2010 =2°10
=210 =209
=2.06 =204
=192 1096
“le76 =183
=160 1465
“lebé “10bé
~1.28 =le26
wl,12 elell

=.96 -e96
‘-80 -o 80
=65 e 66
=49 =49
=o 34 -e35
-.16 -022
=.006 -el2
0,00 -e 06
01 002
=0.00 «03
.01 «03
«01 «00
=0.,00 ~e02
«01 « 01
0,00 «01
0.00 02
-0.00 ’ool
«0,00 -.00
0,00 =e00
0,00 =-e01
.01 «02
0,00 02
9
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ALPH IN

n9
«09
09
on9
ony
.oy
.oo
'09
.09
«09
.09
09
o 09
'09
«09
09
09
« 09
«09
«09
«09
«09
« 09
«09
009
« 09
.09
09
09
09
on9
09
09
«09
«09
«09
«09
09
09
09
«08
06
«064
03
03
03
oNn3
«03
«03
«03
«03
«03
.03
«03
N3
«03
02
«02
.oz
02
«02
02
02
on2
N2
«02
<02
02
02
02

aLPH OUT

oln
eln
el
elo
oln
ol
oln
«la
oln
oln
ol
«lo
«09
oln
el0
«09
.o°
09
«09
«09
.oq
09
e 09
09
«09
09
«09
«09
«09
«09
« 00
«09
«09
«09
«09
«09
09
09
09
YL
07
«06
08
«04
03
«03
02
«03
«03
e 03
03
03
«03
« 013
W02
«0?
«0?
02
«02
o002
«02
«0?
«0?
«02
02
<02
«01
« 0
«0
0
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Table 2 (Continued)

Yaw IN  vaw AuT  PITew IN PITCH OUT ROLL IN ROLL OUT  ALPH IN aLPW OUT
3 ol o -, 77 EPN L] 0,00 .00 02 «01 1
0, n0 «01 - 77 = /8 0,00 =e V) on2 01 1
u,ne W0r -, 77 -, 18 =-0,00 o0l on2 « 01 1
: v, n0 Wor -, 77 -.178 .01 «01 on2 01 1
<« o 0" -, 77 -, /8 0,00 -ell 02 <01 1
9,00 WV’ -, 77 -old 9,00 «02 .02 « 01 1
v, 00 W00 -, 77 -8 .01 21 on2 <01 1
U, 00 0" -,78 -8 -0,00 01 01 .01 1
. v,00 o 0r -, 77 =78 .01 -e00 02 01 1
B U.Oo o0 -.77 -o 78 -0,00 003 N2 <0 1
E VN0 o 0r -, 78 -o 18 V.00 01 01 01 1
V.00 W0r -,7R -, /8 =0,00 -el1 o0l .01 1
UeND «0 -, 75 EINL) 0,00 .01 o0l «01 1
- V0, N0 R -, 7R -, 18 V00 -, 01 .02 <01 1
VN0 o0 -,77 -ol8 0,00 =.0C1 ol M 1
: VN0 L0 -, 77 -elb =0,00 <00 one «01 1
V.00 o0 - 77 -, 18 0,00 .02 o0l .01 1
| Ven0 o0n -.78 =78 0.00 =00 «01 001 1
| & VeNO Nl -, 7R -o18 Ve 00 =«00 «01 «01 1
0e00 o Ur -, 7R =78 =000 «00 o0l 001 1
F__ VeNO eor -.78 =l 0.00 =.02 «01l 0 1
; Ve0O L -.78 =18 000 «00 Nl 001 1
UeNO 0" -, 78 = /8 0400 «01 o0l 01 1
[ -~ UeNO o0r -, TH o8 =N«00 «01 «01) 0 1
! VeNO 0" -, 7hH - /8 000 -e01 01 «01 1
i VeNO o0 -, 7R LTRL] 0400 0] Nl «01 1
Ve0O «0r -, 7R =17 000 «01 onl «0? 1
Ven0 «0r -, 78 -7 =Ne00 -e00 01 002 ?
Ven0 T 44 -, 77 -ol6 «01 «01 «0& U3 ?
VeNO ellr -, 75 -olé «0l «01 LY o 08 ?
e Ven0 «0" -, 71 -, 12 01l 01 07 Uk ?
: veno 0" = AR -,09 .01 «00 «09 «0R 2
VeNO o0 =hb -e07 Ve00 «00 o110 «0Q 2
- veNO o0 -, k5 =e05 0e00 «00 ol0 olr ?
UeNO e’ -, %3 -,04 0400 «00 ol0 oln 1
- VeN0 eU” -, k2 -, 02 0e00 « 00 10 oln 1
‘3 Ve0O ol -.h] =etl] 01 «01 olu eln 1
Venl YA -,589 =e00 «0l 0] «10 eln 1
- Ven0 ot -.5H =e2d 000 +01 10 ) 1
venO 0" =57 =e57 Ue00 «00 09 09 1
N uenO Ul -.56 =e26 000 «00 N9 e 09 1
VenO o0t =85 =55 000 «00 ony «00Q 1
3 VelO e 0" -.83 ek «0l 0 N9 e 0Q 1
’ Veno .0’ =52 =ed3 «0l *01 09 09 1
UenO o0 -e51 =ed] 000 «00 ony ) 1
F . Venl «nNr =50 =e50 0e00 «00 Ny «09 1
| VeNO 0" -.49 ey 000 e0Q N9 «0NQ 1
} VeNO o0 -, 48 =48 Ve00 «C0 N9 00 1
VeQ0 «0 =46 o7 0l e01 09 00 1
VenO «0n -.45 .45 -0l <01 09 00 1
E Ven0 r -4 =ohe «01 0] 09 «09 1
‘ri‘ Len0 o0 -.43 “.83 Ne00 «00 N9 «0Q 1
l\ ven0 U1 -.42 42 0400 «00 N9 «0R 1
2 VeN0 ) -] =e4] 0400 001 ony e0R 1
Va0 " -, 40 =40 000 «00 08 «0R 1
VeNO .0 -0 =ed¥ 0l «00 ond «0R 1
Ve0O oNn -,37 =e37 «01} «00 L] «0R 1
UenO 00 -,36 =ed6 0400 «00 08 L] 1
UeNO «0r -,35 -s35 0400 «00 DL sUR 1
VeNO o0 -6 -edé 0«00 «01 L o0R 1
UeNO o0n -,33 =e33 0.00 «01 L] «0R 1
veno «0N -,32 =32 0.00 «00 ond oUR 1
VeNO o0 -,31 =ed] 0e00 X3} N8 o 0R 1
E VeN0 «01 -,?29 =-el9 000 00 0n o0R 1
UeNO 0N -,?R .ol 0400 «00 L] OR 1
Ve00 U -,?27 -, 27 000 «00 «n8 «0R 1
VeN0 «0" -,26 -e26 0.00 o0} «08 «0R 1
V00 o0 -, 25 .25 0.00 «00 08 «0R 1
UeNO «0r -, 24 -, 26 0.00 «00 on8 L 1
ueNo «or -,23 -e23 «01 «00 N8 «0R 1

10

UNCLASSIFIED




.-—-3 p—
[~ [——

Yaw IN

Ve 00
V00
Ve0O
Ve 00
Ve 00
Uen0
VeNO
Ve00
V.00
VeNO
0,00
V00
V00
V00
0,00
“VU.N0
=u,00
=0,00
V,00
v, no
v, 00
u,no
V,00
-0,00
v,00
"1
N2
<03

Yaw Ayl

ol
o 0n
«00
«0n
«0n
O\e
07
U
oA
«0r
0N
07
o0c
oUn
o0
00
.oo
.00
Jor
. L
-y 00
00
-0
000
o0n
«01
«02
04
o058
«07
00
« 02
<11
12
o2
'l‘
ols
ola
17
ol
19
«2"
21
2?
2
24
.2‘
26
27
o2n
27
.3
3]
32
«34
35
35
.37
o34
.3’
obn
PLY
42
LR}
obha
hs

PlTew IN

=-.22
-.?21
=.20
=19
=-.18
=16
.15
-, 14
=-.13
-.12
=11
=.10
=.N9
-,08
-,n7

UNCLASSIFIED

Table 2 (Continued)

PITCH OUT ROLL IN ROLL OUT

o2
o2l

ol
ol
ol7
olb
15
A4
ol3
ol2
oll

Y
V9
<08
V6
.us
Y
.03
02
WVl
JVo
‘ol
02
03
Ve
.os
06
V7
o7
«07
.08
.ve
.08
99
«09
40
10
o1l

o1l

ol2
el2
ol3
olé
ole
ol5
.15
elb
16
ol?
o7
ol8
ol8
19
19
20
20
o2l

«2]

022
oc2
23
23
26
24
4]
T4

0.00 «00
000 «00
V.00 «01
000 «00
0l «00
0.00 «00
0.00 «00
«0! «00
0.00 «01
000 «00
0.00 «00
0,00 .00
«01 «00
0.00 .oo
0.00 «00
=0.00 «00
0,00 -.00
0,00 «00
.01 00
.01 .00
0,00 «00
0,00 L0l
'col .00
.02 “el01
-,01 -e06
=.11 -olé
'026 -.25
=42 o0
-,58 =e5§
- T4 =69
=.84 =80
'..‘ -.06
-,88 =e89
-.088 -.89
-.88 -39
-85 -,89
-.88 «e88
-.88 -.88
-.89 «e89
-.88 -e89
-.89 =089
=-.89 -89
-.89 -89
-«R9 =e89
=.89 -.89
-89 =89
-.89 -e90
=90 ..90
=e90 «e90
=690 -e90
-e90 «e90
=e90 -090
=90 90
=«90 -e9]
=91 -e91
=91 o9
=91 -.9'
=91 =-e91
=e92 -s92
=92 =092
-.92 «092
-.92 -e92
-.92 -293
-e93 -e92
“e93 -e93
=.93 -e93
11

UNCLASSIFIED

ALPH IN

07
on?
N7
on7
«07
07
07
07
.07
07
«07
W07
N7
N7
07
N7
.01
07
N7
«07
07
07
«07
07
N7
06
o 08
N6
On°
06
06
NG
06
N6
<06
«06
«06
«06
«06
«06
06
«06
00
«06
o006
06
«06
«06
006
06
006
06
né
06
06
06
oné
né
006
«00
«06
o006
«06
«05
nd
06

aLPu oVUY

«0R
0R
o0R
R
e UR
loﬁ
e 07
«07
«07
'07
«07
«07
07
U7
«07
.07
07
07
07
07
07
'07
o7
«07
07
07
07
07
«07
07
o 07
07
‘o0
07
07
o 07
07
l°7
007
LY
«06
04
o0k
006
o 0K
06
«06
o064
o0k
.ob
e 06
06
o0k
o068
006
o0&
«06
o 04
006
o0A
«06
o0&
« 04
e 0A
L
o0&

T o i i S G (e S G B ) D G G ) I . . Gl T GRS, (D e il B S K ) Gl G B B S i il i o o R Wl i Wl G ek e 0 i eyl el S G, kD




. UNCLASSIFIED

Table 2 (Continued)

Yaw IN  Yaw auT  PlITew IN PITCH OUT ROLL IN ROLL OUT  ALPH N aLPW OUT

.5 YY) L «?5 25 =e9¢ -e9 «06 o 0A 1
a7 7 1) (r{} .96 -9 00 “0n 1
48 el 26 26 =94 .o 0% 20k 1
69 5" 27 27 .94 -sYé «0% o0& 1
«50 S 27 27 =e94 -e95 « 05 «0h 1
«51 52 7?8 Y4 ] -e95 -e95 006 o0n 1
«953 93 L «28 =95 -eY8 oNO 0K 1
«54 - 29 29y -.95 -e98 06 o0& 1
55 1Y 29 Y44 -.906 098 205 LY 1
| «56 «5h 29 «30 .96 -e 96 0% o 04 1
57 57 «30 «30 =e90 =96 onh «0h 1
58 «SH <30 3] -e97 -e97 NG «0h 1
59 b 31 3l =97 -e97 06 «04 1
Y 0" «11 o3 -e97 97 UL LY 1
61 N 32 o32 -, 98 -e 98 «n5 06 1
b2 03 «32 032 .33 -e98 « 0% o 0h 1
oh3 oHa «33 033 =98 =98 05 AT 1
) ohs .33 33 -.99 «e9R 06 o0k 1
«hb 6k «33 oJe =99 .99 06 o 08 1
Y oh? o6 e 36 - 99 -e99 o086 «0A 1
. Y. ahi 34 «J6 =100 =100 « 05 o0n 1
9 63 <6 o35 =1.00 «1e00 oS LY 1
70 o7 .15 35 =1.00 =101 onS o0A 1
e 71 « 72 .75 .36 =1e01 =1e0] 06 05 1 ¥
«73 o7 <16 e 36 =le01 =101 N6 «0& 1
‘w o T4 oTe .36 30 =1.01 =102 L) 08 1 |
.75 i .7 o 37 =1.0¢ 1402 «0S 06 1
76 o1& «37 «37 =1le02 «]le0? 05 LY 1
¥t o7 .7 «37 =103 =103 05 o0k 1
) o7+ LM o3y =1.03 =103 L) e 0 1
in 79 oM «IN PEL) =103 =1406 o0t « 06 1
o®] oHi «3R o3y =1e04 -1e06 05 e 0k 1
oy oHD <9 39 =le04 =108 NS e 06k 1
1T «A3 ok L «39 =105 =108 LX) U 1
TS b <40 40 =1¢0> 1006 eNo T 1
- RS Ha b0 %0 =1.006 -] e0h Nt o0k 1
RCTY oH7 ) “40 =1e06 100k NS o0& 1
«AR oHn o4 o6 =1.07 =)e07 05 o0& 1
49 o8 ob1 ob] =1.07 =107 «06 LY 1
! .90 9 Y 4] =1.07 =140R NG 06 1
; - 9] 9/ Y4 042 =1.08 =]1e0R *0b «0h 1
93 93 Y 42 =1+08 =108 UL 0k 1
«J6 eYu Y4 o4 “1.09 =109 06 QLI 1
TS «9e 43 %] =1e0Y “)elp 006 e0A 1
«36 «9n 4 043 =lel0 «lel0 NG o0k 1
97 9 .43 43 =le1l =lell L «0A 1
«99 9% .43 s *lell elel]) 06 o0k 1
len0 Yeln Y 4 =lel2 “1el?2 06 o0& 1
1N 1e0s 46 hh =le12 “lel? 08 L 1
1en2 1607 J46 Y “le13 =1e13 e 06 06 1
i lens 1604 45 L) =le13 =113 00 06 1
1.15 1408 45 45 “lel® “lel 06 L) 1
£ 1216 140% 145 pres “lelé “lelé .06 o0& 1
len? 1ol 45 o5 “1e¢15 “leld «06 0K 1
179 1409 46 046 =1.15 «lel8 o006 N 1
leln 1e1° 46 %0 =lel® “1el6 06 «06 1
lell 1el? 46 046 1617 «lel? «06 «0R 1
: 1,13 1.13 ) %6 =le17 =lel? oNe ') 1
| | lelé lels 47 47 “lel? =1¢lR eNe «06 1
| | 1415 1a1% W67 007 “1.18 -1.18 o080 o0& 1
B 1.16 1617 47 o7 =1.19 119 06 Ty 1
| lel¥ Telw 47 47 =1e19 elel9 08 o 0n 1
s 1,19 1el0 A7 o7 =1,20 «le20 06 o0n 1
| 1,20 1.21 AP o8 =1.,20 121 06 08 1
{ 1.72 1427 4R .48 =1.21 ele21 N6 «06 \
g 1423 1427 Ny Y =1.21 «]e22 06 08 1
{ |
| 12

1 UNCLASSIFIED
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Yaw IN

le26
1.26
1.27
1.78
l.30
131
1.32
1.6
1,35
1,37
1,38
1,39
1,61
1,42
1,43
1445
1,46
1,48
1,49
1,50
1,82
1.53

yaw Al

1e2%
1e24
127
1e29
1edn
1e31
133
lede
1.3%
1.37
1e3%
lebr
1e60)
1e0?
lebea
145
‘..b
etk
1.409
,.sl
1.52
157
156
154
1.57
154
159
1.5¢

PlTem In PITCH OUT

l‘.
48
l“
49
49
49
49
-"
49
49
.49
.50
.50
Cso
I‘o
«50
.80
50
.50
80
50
50
«%0
«%0
.qo
<50
.so
«5!
.82
Is’
.83
%)
-53
.q’
53
53
«%3
.52
52
.‘2
.‘z
-52
.52
.52
.sz
lqz
.52
52
%52
-’2

ol
o8
o9
e9
9
Y
o9
«*9
o9
«®9
«50
«20
.1
30
50
30
90
30
20
«50
50
50
30
30
«50
«50
21
5]
52
52
33
93
33
93
*3)

UNCLASSIFIED

Table 2 (Continued)
ROLL IN ROLL OUT
=1.22 -]lel2
=1.23 =123
=1.23 =le2)
=l.26 “]lels
=1,2% «]e28
=1.,2% =125
=1.26 «]le26
-1,26 ele2h
1,27 -]e?
-1.27 e)e20
-1,20 -]o?'
-1,29 «1e29
=1,29 =130
=]1,30 e)led0
=1,30 1031
=],32 1032
=1,32 1,32
'lo,, -]o”
1,33 »1ed6
1,36 e)e s
=1,3% 1438
=1.3% =)elds
=1,36 137
=1,37 «led?
=1.37 «ledS
-’0’. -1.32
-1,27 -le26
'l.la -]cls

.97 1401
.0l s 88
-, 69 -e68
=09 «e$2
=33 =e 30
o)l -e23
-.08 .el2
000 .02
“0+00 «03
*0.00 «0s
0.00 02
0400 -0
0,00 «e00
“0.00 «00
0.00 01
0,00 «01
=0,00 o1
«0,00 -e02
0,00 eedl
0.00 =01
«0,00 «00
0.00 01
00'. e 00
0,00 «00
=0,00 =01
=0,00 «00
0,00 =00
0,00 «00
=0,00 «01
=0,00 - 00
0,00 «01
0..' =00
=0,00 «00
«0,00 «e01
0,00 «00
0,00 01
«0,00 00
13

ALPH IN

0o
.”b
00
06
06
00
06
06
Ll
00
00
00
N6
+00
06
206
N0
06
00
06
W06
o008
«00
« 00
00
06
05
« 05
o006
oNe
06
«03
03
02
02
02
0]
01
0l
ol
.01
1 2}
onl
.0l
onl
«01
01
e0)
«01
o0l
o0l
o0l
o0l
onl
«01
o0l
o0l
o0l
o0l
«01
«01
o0l

- a———————— o e

aLPw OUT

o0
204
08
«06
o068
«0a
o086
04
«0a
e 0a
o 0a
«0n
o 0a
« 06
06
o0s
06
o0n
08
206
o0a
'
«06
o 0n
«0p
o0p
o 05
.08
o08
o0s
«0a
*03
03
09
“02
02
o0
0 0)
«0)
01
«01
«0)
«01
o0
o 01
«01
«0
«0)
« 01
0
0]
01
«0)
0
0N
0N
o 01
o0
«01
«0)
«01
0
01
o0
«01
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PROGRAM LISTING




OOOHOOOO

OO0 o000

o000

Oo0oon

,nsrumlsmﬁ’

1aU

1re

160
150

1l

1n6

UNCLASSIFIED

PRNOGRAM ANGLF (INPUTse AUTPULTe TAPES)

DIMENSION NTTTLE (24) oxT(Una093)sTI(100n) 9AZ(1000)4EL(2000)sROL(100
luy,aL(lnon)

DIMENSLION XD1(3) oADVI () 901 (L00003),RC(100093)

DIMENSLON X12£(3) 9XUD7Z(3) CLINE (3) ANX(3) oHL (3) oW (3)

DIMENSION XD 190093} yxpD (1400 3)

NT=S

THF FOLLOWINS uaTa 1S FOR THE Fe4¢ AND FOR THE PARTICULAR FLIGHT
PATH DATA USFUL IM TRE NEMONSTRATION RUNe

wT IS AIRARAFT Wt IGHT, S 16 REFERENFF aREA IN SQUARE METEWSe TA 1S
THRUST ANGLE asuvk THE LUMGITUDINAL aX1S OF THE AIRCRAF ¢ AND ALTR
IS THE ALTINhE taSEesT,Ee THE ELEVATIUN AHOVFE SEA LEVEL OF THE
ORIGIN OF THE COORDINATF SySTEM THAT IS USED TO SPECIFY THE FLIGHT
PATH,

DATA Wl oQelasalTH/]19272,94Q620eV05,0,.7

UP=.22%4T

ALPHPE 05

ROLLP=U,

G=YeR

wOGEWT/6G

REAN(N1,4100)

FORMATU /72717 7177)

THE DO 160 LOuP IS SET UP vO READ A PARTICULAR TAPE FURMAT,

THIS MUST gk CHAPGEU To CORRESPUNDL Tn THE FOaMAT OF THE INPUT TAPE
OF FLILHT PATH VATA BFING 1I1SED.

KPTS=(

Do 160 I=191700

KPTS=KFTSe]

READ(NT9102) TI(I) 9 (XT(I0JyoJ=193),4A7(T)eEL(IYoROL(I)0AL(])

NOTF THAT Al. ELe ROL, AND AL ARE THF YAw, PITCH, AND ANGLE OF
ATTACK OF THF AIFCRAFT, TWESE UATA aARE avalLasBLE FOR THg
PARTICYLAR FI 1GHT PATAH RETHG USED AND aRE READ HFRE SU THAT THEY
CAN BE COMPANFD TO THE VALIES CUMPUTFU WITH TWIS PROGRAM,
FORMAT(FS,199Fl0eCs TSXe4F5,2)

IF (EOFeNT) 1509160

CONTINUVE

KPTSaKFTSa]

NOTE THAT THe PROGRAM 1S siaw SET Up TO READ UPp TQ 100V UATA PUTNTS
e THE AMNUNT OF MEMOAY CnIILD BE GREATLY REULDUCED gY REAVING INPUT
AS IT IS NEENEDs TRAJ COyD BE DISCARNED AND F1T3 COULD WE caLLFDp
INSIDE THF LN 20 LOULP,

T1sTI(€)=TI (1)

T2sTI(3) =TI(?)

f=(T2¢11)y 2,

vo 11 1=1,3

xny(l)'(x[(Zo[)-ll(lol))/1|

2u (X1 (391)=X1(2e1))/T>

ADNI (1) s (Z=xr 1 ([))/T

RDICI)I®(ZeXDI(])) /20

IF VELYCITY AsD ACCELERATIAN DATA ARE AVAILABLE aS INPUY [T SHOULD
BE REAV AND THE CALL ON SURROUTINE TRAJ SHOU)'D BE SKIPPEDe TRAJU
CALLS FIT2 At COMPUTFe VFi OCITY ANn aCCELERATION,

CALL TRAJU(KPTSoXToTIoxXnIoXnDIsXUsXDNoes)r82)

PRINT 1n6

THIS HEANING IS FUR THF CHFCKXOUT RUNS ANLY,

FOOMAT(//¢15%e6HYAW INe3XeHYAW QUT(3X48HPITCH ln.zx.QantcH ouTt,
12X e THRULL INePA9RHROLL OUT(3X9 THALPH |N92XeBHALPK OUTe/)

cmmm“w "

ron oot RIRAISHR TR0 40y pegipiep




“m

UNCLASSIFIED

MPTS="FT1qa

N0 20 dzheir S
NITER=V

no 12 Js1,3
ADZZ(J) =X (]e)

12 XNNZZ(Y)=¥DD([9J)

VZ72SQRT (XDL7 (L) ®®2exXN772(2)*®2eA27(3) **2)
XDNZ2(3)=xDD77(3)*98

ALNGE(ANZZ (1) ®XpPN272( 1)y exD77(2)*XDN27(2)*XNZL () *xpD22(3) ) /V22
un lée v=z1,3

19 ANX()BXNNZL () exDZL( )) *A) 1B/ V2L

ANONRSESURT (Aris (1) ®R2e Ay (2) a®2¢ANA () #®2)

12 ALPHTEALPHP+T ¢

T=(ALVOSWOGe ) /CUS(ALPHI,

L=aNOK*wNG=ToSIN(ALFHT)

US=WQUE Xy (Ted)eal T3ovy7)ee

CL=L/US

IF(CLebTone) AL TU 17

THE FOLLOWING Cal CULATTIONS OF DP aNn alLPH ARE FUR IHF F=64e THFY
MUST HE cranGeD FPOR OTHER AIRCRAFT,

DP=2RS® N34, ,3065%CLead, T4

17 CALL ALPHA(C! ealLFHoIF| AGYUFLAG)

IF(IFLAGLUFLALLLT40)GY TO 4o
NITERSNITER®)

IF (ARSLALPH="LPHF) ,LT,,008) GO [0 1A
ALPHPEALPWH

IF (NI1EQ.LE.+) U 10 15

FRINT 407

In? FORMAT L qXe®: [lgk REACHED <EVENe®)
19 ALoMHPEALPH

VTANA=V27eTa: (aLFR)/7ayNR
DO 19 vY=1.3

19 CLINF (J)=X0Z7(J)*VTANa®ANX (J)

CALL TREPHI(FLINE (1) oCLINF (2) ¢CLINE (3) ReGRoYAW,PITCH)
FACSGHK

RL(Y)SCLINE(P) ZF8C

IFL (D) JFue™,) 1FLAGS)

AL (2)E=CLTINE (1) /FAC

IF(HL(€) EQe~ s ALV JIFLAGeFnsl) 6O TA 21

FACERVZLNANONR

w(1)2(AD22(2)®anx (3)axnZZ (1) *ANA(2)) /¢ aC
W(2)s(ADZ7(3)*anx (1) aynZ2Z ) *aNx(3)) sFalC

w(3)s(ADZ7 (1) ®anX(2)=xnZZ (o) ®*ANA(])) /FaC

LZ2sHL (3) = (3

Ze(HL( ) ew(l))®e?

Lo (HL(€)aw(2))®e2e

Lul19%%Cey

L=SURT(2) /2.

ROLL = 2,#AST ()

IF‘IZOLTQ“Q’ HoLl"“OLL

IF‘V“'GT.3O “lb) Y“N-Yli.a.2331

THIS PRINTOUT S FUR cHECwnUTe IN NORVAL USE THERE WILL KE NO A7,
ELe ROLe AND AL TO PRINT AT,

?€ PRINT 1036 AZ(1)oYANGpL (1) PITCHOROL (1) oROLLoAL (1) sALPHONITER
103 FORMAT (15X 04 (FOe204R3F8e2,aX)01UXeT17)
2V CONTINVE

Go T0 50
1CABLA
7 QUALLTY FRAC 15
FURRISHED TO

UNCLASSIFIED




GNCLASSIFIED

1© PRINT irs
Iné FORMAT(1aXe® L IS OUT OF «AUNDSe®)
PRINT 102,TICI)o(A1(Te )0 121030 9AZ(1reFL(T)oROLIT) 0ALIT)
60 To 20
21 PRINT los
109 FOIMAT () aXe®aHCRAFT 1€ POYNTED STRATORT UPe®)
Go To <2
Q0 CONTINUF
1o Yo COMTINVE
tND

SUBROU | INE Al PHA (CLYALPHITFLAGYJFLAG)

c THIS FUNCTIO. HETURNS THE ANGLE OF ATTACK FOo THE GIVEN CLe
ALPHA 1S TN 28D]1ANSe
c IFLAG®)L FOR L TOU LO4, JFi AGS) FOQ cL TNO HIGH,
IFLAG=V
JFLAGsY
l"CL.LT.-.Z) GO 'O 10
IF(CLeLT. 6% GO Ton 11
IF (CLeLT.e87) GO TO 419
JFLAG=}
RETURN
10 IFLAG=!
RETURN
11 ALPHENe326#CL=0,00636
RETURN
12 ALPHg0¢639¢C) 0,202
RETURN
13 ALPHENe277¢2,R20%(Clep,79)
RETURN
ENND
FUNCTIUN QUE (HeS)
c WUE IS DYNAMTIC PRESSUAF In KG PER SQ METER,
c H IS ALTITUDF ABOVE SL IN METERSe S IS SPEED IN METERS/SEC.
SIGEEXP (= ,0964H4® (H/100n0,) %@ ,0647)
WUES,002405] 5050
RE TURN
END
fM1S PAGE 15 B I
'.u|onrx1hlIISH‘D
16
b
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UNCLASSIFIED

SUBROUTINE TRAJ(KPTSyXTeT],XDI9sXADDT4XDeXDDsb],+82)

DIMENSION XI(100003),xn(1nA093)9XDD(1UNV3)9R1(100093)9B2(100U,3)
DIMENSION xDT1(3) 4XD0T (3) 9anEW(3) 9ADNEW (3) ADDNEW (3) 4 T1(1000)
DIMENSION Q1(3)90Q2(3) 4aX(R,3)9AT(8)

VO 100 I=1,3

XD(2¢1)=xDI(1)

XDD (2+4)=x00T (1)

Ml -KPTb-1

DO 300 Jxae2y'1l

00 200 Jsmi+8

NasJKeJ=1

AT(J) sTT(N)

Do 200 Is=1,3

AXtJe D) ax1(Ny1) ,

CALL FIT3(AX,AT9ANEW,ANNEW ,ADDNEWXDT»XDO19W] ¢Q2)
Ms Ko b

D0 300 [=1,3

AD(MoI)=ANNEW(])

XDD(Myd) sADDNEW(I)

8] ND b2 ARE AVAILABLE IF ANE WISHFS To INTERPOLATE TO OTHER TIMES
e OTHERWISE THESE 60nn WORDS CAN B ELIMINATEOD.
Bl1(JKel)mQl (T

B2(JKel)=02(1)

RETURN

END

SUBROUTINE FIT3(AXyAT,ANEW,ADNEWsADNNEwsXDIoXDDI,Ql90Q2)
OIMENSION XDT(3) ¢AD0T (3) s ANEW(3) sADNEW (3) yADDNEW ()
DIMENSION Q1(3)9Q2(3) ¢AX(R,3) AT (8)

DIMENSION TN(T7) o TN2(7) s TN(T) o T(B),TAULS) 4 X(8B)
USING SET OF 4 PCINTS IN SpQUENCEs MAKES LEAST SQUARE FIT OF 3RD
DFGREE POLYNAmIal THRI LAST THREE POINTSs KEEPING FIRST POINTs AND
ITS FINST DERIVATIVE UNCHanGEDe :

VO 1 J=1,AR

T(J)sAT (y)=AT(])

D0 2 x=1,5

TAU(K) =g,

Do 3 1%1,7

TN(I)=l(1el)

D0 4 K=),§

Vo S I1%1,7
IN(DYeIN(EIPT (o)
IF(KeEUWe1) THN2(])STN(])
IF(K,EY,2) THI(I)=TN(T)
TAU(K) S TN(I)eTAIN(K)
CONTINVE

00 6 I%1,3

XosAX(dy1)

VOsXxDI (1) ﬁ;'
1{1Y@)9?' -
Isﬁﬂsmnphh pogQ “—"’,

™ 17
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DO 7 J=2,8
X(J)sAA()e])
BETA=0

ALPHASAO®TAU (1) +vO0eTA;)(2)
DO 8 U=1.7
BETASX (Je1)®TN2 (J) +BETA
B1sBETA=ALPHA
BETA=O
ALPHASXQ#TAU(2) ¢VO#TAy(3)
DO 9 J=1,7
BETAsX (Jel)®Tn3(J) oBETA
U2sBETA=ALPHA
SOLVE SET OF 2 EQUATIONS FAR TWO UNKNOWNS
DuTAU(3)#TAU(5)=TAU(4) 02
D1sTAU(S)#B1=TAU(4)*B>
D2=TAU(3)#82=TAU (&) *B

IF(D.EVW,0) Gn TO lo
A1=01/V
A2sD2/V
Wp(l)=A)
Q2(1)=A2 ;
ANEW (1) mXOeVN®T (5) +AluTN2(4) *A2*TNI (4
ADNEW (1) 3V0*2,#219T(5) 43,04 20TNE(4)
ADDNEW(])m2,9Al¢€,#A28T(S)
XDI(1)®yne2.%a1%T () o3, *A2aTN2(])
CONTINVE

RETURN

CONTINUF
PRINT 2n,AT,TAUD
sToP 77
FORMAT (§X¢G15,8)

STOP 77 INDIAATES THAT THF DETERMINANT OF THE SET OF EQUATIONS
IS 0 = 1,6« NO SOLUTION

RETURN
END

SURROUTINE THEPHI (XY 70ReGRITHEIPHT)

C THEPHWI COMPUTES THE MAGNTITUUF OF A VECTORs THE MAGNITUDE OF TS
C FRUJECTION ONTO THE X19X?2 PLANE ANV THF aZIMUTH AND ELEVATION ANGLES,

10
11

12

IF(X)5910415
THESATAN(Y/X)*3,1415924534
G0 TO €90
IF(y)11412412
THE®4,7123889+4
G0 T0 <o

THE=Q oV
PHI®1,57n7967268
6Rr=0,0

R=aBS (£)

Re TURN

- 18
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19

r4Y

2V
3V

40

UNCLASSIFIED

THFE]1 45707963268

G0 YO €0
THESATAN(Y/X)

IF (YeLF,0.0) 50 To 20
THEeTHE 46 ,2871853072
IF (Z.£Q,0.0) KETURN
GR2SX®Asyey

ReSQRT (GR2eZ%{)
GRsSQRT (GR2)
PHISATANI(2/6GR)
RETURN

ENN

FUNCTIUN RANNEV ()

TYPE REAL |

IF(leNEen,) =0 TO 30
IF(JReNELD) an To 20
UlsRANP (P, ) §& U2=RANF (N,)
xxsSQRT (=2®4 06 (U1))
P2a6,2931853e1)2
RANDEVEXX@COS (P2)
AXsXX®SIN(P2)

Jxsl § RFTUR:

RANDEVS X x

JX=20 $ RETURN

IF(1eGlene) RO TO 40
RANDEVERANF (=1s) $ RETURN
YsRANF (1) § Ux=0 $ RETURN
END

Y3‘Q$‘Qh§i‘
s e

15 2
£a0B = el
i T 19
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ALNG

ALPH
ALPHP

ALPHT
ALTB
ANOR

ANX(@J)
BETA

CL
CLINEQ)
DP

HL®J)

KPTS
L
QUE
ROLL

S
T
TA

TI(D)
wQd)

WT
XD(LJ)
XDD(1,J)
XDI(I)
XDDI(I)
XI(L,J)
ZETA

UNCLASSIFIED

DEFINITIONS OF PRINCIPAL VARIABLES IN PROGRAM ANGLE

Component of acceleration along velocity vector due to aerodynamic and propul-
sion forces, meters/sec?

Current angle of attack, radians

Angle of attack at previous position; angle between velocity vector and longitudi-
nal reference line of aircraft, radians

Thrust angle of attack; angle between velocity vector and thrust vector, radians
Altitude of origin of reference coordinate system above sea level, meters
Component of acceleration perpendicular to velocity vector due to aerodynamic
and propulsion forces, meters/sec? 3

Value of Jth component of ANOR;i.e., ANOR = (ANX(1),ANX(2),ANX(3))

Yaw angle of aircraft; azimuthal direction of projection of longitudinal line onto a
horizontal plane, positive counterclockwise from X axis, radians

Lift coefficient, dimensionless

Value of Jth component of a vector along longitudinal reference line of aircraft
Drag, either current or at previous position, kilograms

Value of Jth component of a horizontal unit vector perpendicular to aircraft
longitudinal reference line

Number of aircraft positions given

Lift (perpendicular to velocity vector), kilograms

Dynamic pressure, kilograms per square meter

Roll angle; angle between aircraft plane of symmetry and a vertical plane contain-
ing the longitudinal reference line, positive for roll to the right, radians

Reference area of aircraft, square meters

Thrust, kilograms

Thrust angle; angle of thrust vector above longitudinai reference line of aircraft,
radians

Time when aircraft is at position I, sec

Value of Jth component of a unit vector perpendicular to both velocity and ANOR
Weight of aircraft, kilograms

Value of Jth component of aircraft velocity at position I, meters/sec

Value of Jth component of aircraft acceleration at position I, meters/sec?

Initial value of Ith coordinate of aircraft velocity

Initial value of Ith coordinate of aircraft acceleration

Value of Jth coordinate of aircraft position I, meters

Pitch angle; angle between a horizontal plane and longitudinal reference line,
positive for positive values of CLINE(3), radians

20
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