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INTRODUC I’ION

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 necess,Ø

- 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 computer
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. Deeps of a Reid Test f or Ftobabilhty of Hit by Antiaf rovf t Guns. WSEG Report 197 , Febtusry 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 tan tamount 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 fl ight
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 acceleration due to
aerodynamic and propulsion forces.

(3) Thrust is computed on the basis of acceleration in the direction of the velocity
vector and estimated (previous) 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 roli--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.

2
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Input aircraft weig ht , 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.

‘4,
Compute initial estimate of previous drag, OP. and previous angle of

attack , ALPHP.

‘I,
Make a piecewise east squares fit of a third degree polynomia l to the
flig ht path , and compute the velocity and accelerat ion vector .

‘I,
Modify acceleration vector for acceleration of gravity, and compute
AING acceleration as inner product of acceleration and normalized
yslocity vector . Compute ANOR acceleration .

[ SOlve for thrust on the basis of previous drag. Solve for lift on the basis
~~ of this computed thrust . Find CL and drag, called OP Solve for the

angle of attack , AIPH, to produce the computed value of CL.

G E < ~~~~~~~~:Hp

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

Talce cron product of CLINE and a vertical vec~~r to obtain HL. Take
crow product Of VS3OC~~ and ANOR to obtain W. Find roll angle, the
angle between HL and W.

• 
_ _ _‘1’_ _ _

• Output: aircra ft att itude (yaw, pitch , and roll) and aircraft angle of
attack. For comperleon. print out the values of the attItude angles and

• 
the angle of attack that generated the flig ht path.

5-9 -73-1 0

ii
Figure 1. MaIn Steps In Program ANGLE

H 3
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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/sec2). 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 dynam ic pressure and S is a
constant reference area known for each aircraft. By definition q (called QUE in ANGLE) is

~ I. 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 se~ level is computed from

I / H 1.0471
SIG exp 

[ .0948(J5~~ ) j
where H is in meters. This compares with the international standard atmosphere as shown in

1;
L
- ~~~~~

I. S •— 3r’~ ~~

~_4c—~~ .~~’ \

‘~~~ ~-~c\~ -~j ~~ \ ~~~~~~.x~\ ~~~~~~~~ 05scu°” °~~ttG\

I f

3- 9 — 7 3 — I l

FIgure 2. Vectors in the Plane of Symmetry

4
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Table 1. Then q is computed from

QUE = .0624 . SIG . V
2

,

-‘ where V is speed in meters per second.

Table 1. Compariso n of SIG with Values f r om 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 , A LPH, is dete rmined 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 = C~ qS, the defining equation for the coefficient of drag.
CD is computed from CD = .024 + .3045 . CL2’76. This function is compared to the function
known fro m empirical data in Figure 4. Note that ( I )  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 aircra ft 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

5
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COMPARISON WITH DATA
FROM SIMULATION OF FLIGHT PATH

To illustrate the accuracy with which ANGLE can determine aircra ft attitude , the
program was used to compute attitude for a fligh t path that was generated by AFATL, Eglin
AFB, Florida. AFATL generated the fligh t 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 tune. 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 • I cycle.

The fligh t 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 dow n
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.

7
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Table 2. Example of Program Printout

Y aw IN v~ u n,i T PITCH 1~i P ITCH OUT NOLL IN ROLL OUT A L PN ~N £LPH OUT

‘- .78 ~•7Q ,03 .03 0 ,00 .00 .03 .03• — , 79 .7Q •03 .03 0.00 — .01 .03 .03
~79 — ,7a • 03 •U3 —0 ,00 — .02 .03 .01
• 79 _ ,1’.~ • f l 3  .03  —0.00 —. 00 .03 .01 I

— .18 — .19 .03 .03 0.00 .00 •A 3 •Q3 I
~79 

_ _ 7Q 03 .03 0.00 .01 .03 .01 1
~•~ 9 ..~~7c. .03 .03 1) .O0 .02 • 03 .01 I
.79 — .1~ ,n3 .03 —0 ,00 .02 .~ 3 .Oi I

—~~78 ..7-~ .03 .03 0,00 .00 .fl3 •Oi
.~ 9 — .7’~ .~~3 .03 0 .00 .,u~ .03 •O~
.19 •. 7~ .~~3 , 03 —0 .00 ~~, 0l  .03 •o~

— .79 ~~~~ .~~3 .03 —*1 .00 — .01 .03 .01
— .18 _~~1Q •A 3 .03 0.00 ,0j .03 .01 1
— .79 — • 19 .03 .03 ‘1 .00 .01 .03 •0~ 1
.79 — ,1” .n3 •u3 —0.00 .01 .03 .03
.79 .. 7~ •n3 ,U3 —0 .00 .02 .03 .01 1

‘-.78 — .1’~ .~~3 •03 0.00 — .00 .03 .03
— .79 _ .1’~ .~~3 .03 0.00 _ .01 •03 .03
— •79 ~~~~ n3 .u3 — 0.00 — .01 ‘ ‘3 .01 1
• 7 9  • • 7.~ _ n3 .03 —0 .00  — .00 .03 .03 1
.70~ — .7’~ 03 .03 0 .00 _ .oo .03 .01 1
_ 79 - 1’~ _ 03 • 03 v .00 _ .oo .03 ,03

—~~~9 _ ,7( • n3 • u3 —0 00 .00 •~~3 .01 1
— .79 ~~~~ _ n3 ,03 — 0.00 ,o~ .03 .01
— .18 ~.7 .  • n3 .03 u,00 .00 .03 .03— . . ‘~~ ~~~ 0 • OU .01 .03 .03 1

~79 ~~~~ _ n3 .03 —0.00 .01 .03 .01 1
79 _ 7 9  0 3 .03 u.oO .01 .r~ .01 1

— • 7M _ , 7 ’  ,n3 ,U3 0.00 _ O~ •03 .01
— .79 ~~~ •~ 3 ,03 0.00 — .04 •03 .01 1

• 
_ .7,’ ,~~3 .04 — .04 — .11 .03
— .7 • ‘~4 .04  .lb ‘-.20 . 04  .0 4  1

.77 ~ .7 7  .~~ .05 .30 — .31 -Oh .0~ 7

.76 ~~~~ • n’, .uS .46 — . 4 7  .05 .C~ 2
— .14 ~~~~ .M’ .06 — .62 — .63 •flb .o
.12 — .7’~ .o6 .06 .1~ — .79 .07 .07 7
.10 — .7 .n~, .uS — .93 — -os  .07 .07 2
.A8 — . f ~— .‘~S .(~5 ‘ - 1 .0 9  — 1 . 1 0  .~~H .oa
.A b ~~~~ •~~4 . 04 1.2b —1.?s .09 .00 1
• .,4 — . f , C. .n3 • o 3 1 .41  — 1~~4 1  .09 .00  1

. 1  ‘U I 1.S, 
~~~~~ .10 • O Q  1

.“2 — .1~’ — .“l .u~ — 1.7 2 1’~~1 .1 *.) .I~ 1

.“l ~~~~ — .ol — .o3 — 1.M ~4 1 .~~7 .T’j .1’, I

.~ 0 ~~ .O,’ ‘•.US —2. 04 —2 .02 .10 .1”

.‘*0 —.6 — .ON . o N  ‘-2 .19 — ? .1A  .10 •1~ 1

... o — . S ~ .ifl .10 2.34 2’29 .09 • 1 r ~ 1

.~~0 ~~~ -1 2 ‘- .12 2.42 — , . 3 R  .10 • l o  1

..9 —-5 - . . i3  . A J  2 -4 4 7 .47 .10 • l n
— .cB ~~~~ .15 .L S 2 .4 1  2 -44  .10 .ln
.~ 7 ‘- .5’ .~ A ‘- .16 ? .41  ‘ -2 .43 • 10  .lr , 1

— ,~ 6 — . ,
~ ‘ — ,1~~ 

— ,17 ‘-2 .41 —7.41 .10 .In
—~~c5 — .~~- ~~~~ 

...~~9 2 . 4 1  — 7 . 4 1 .10 •In
— ,c5 — .5 ’. — .70 — .~~ —2.41 —2.’1 .09 .ln 1
— .c4 — .S~ .21 — .~~1 2.41 —,.41 .09 . lo I
~~~~ ~ 51 .?? .22 ‘ -2 .40 2.~ 0 .00 • L n  1

— .~~2 — .5’ .7~ ‘- .2+ 2.40 — ,.40 .10 •lo 1
— .‘j  — .51 — .25 .2~ 2.40 — 2 . 40 .09 .I~ I
— .co —~~ ,7f ~ •26 7.39 7 .39 .10 .1” 1

• .4 9 — . 4~ — _ 7 R  — .~ 8 ? .39 — 7 .3 9 .10 .1r ~ 1
• 49 ,49  — ,,‘~ — .29 — 2 .3 9 7 .39 .09 . lo  I

—~~4$ ,4*’  — .30 .J 0 2 - 3 9  2 .39 .10 . In
.~~ •.~~ — .11 — .32 2.38 —7 .39 .10 • 1~— ,46 ~~.4 ’ . — ,33 — .33 —2 .38  —2.3 8 .10 e O n  1

• 
• ‘ ,45 .. 4~~ — .14 — .34 —2 ,38 —7 .38 .1 0 .10 1
• •44 — .4 4  — .35 — .35 - , 31 — 7 . 3 7  .10 .ln 1

• 43  —~~4 1  —~~ 7 — .37 —2 .37 — 2.37 .10 .lo

8
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Table 2 (Continued)

3 AW IN Y~ I “ III PiT CH IN PITC H OUT NOLI. IN ROLL QUO A LPH ~N *L PM OUT

— .42 — .4 ’  — .16 — • 38 2 .37  — ,.37 .09 .ln
.4 1 ~~~~ — ,~~9 .39 2 .36 ~~36 •09 e m
.41 .~ — .40 .40 ‘-2,36 — , .39  .43 9
.‘0 — .3” — .4 2 — .42 “ 2 .35 — ‘ .36  .09 .Ii’
.39 — .J’~ — .43 .43 -?.35 —2.35 .11 9 .ln I

— , 3~ — .3w — .44 .~~4 — 2 . 35 —, .35 .09 . l n
,~~7 ~.3’ — .45 ~,4 5 ‘-2 . 34 — , .34 .09 ,ln
.~~6 — .3’  — .46 — .46 ‘ 2 . 34 1 .34  .09 .lo I
.3S ..3~ — .~~11 — ,48 — 2.33 —2.33 .09 • lf l  I
‘~~~~ 40 — .49 .2.33 2.32 .09 .ln 1
.33 .31 — .50 — .~~0 “ 2 ,32 —2.33  .09 .In 1

— .3 2 — . 3 ?  — .51 — . 51 —2.32 — ,.32 .09 .10 I
.3 1 — . 3 1  — .52 — .02 2. 31 —2.3 1  .09 .09

— .10 ~~ 3r .53 .S4 “ 2 .31 — ‘ .3 1  .119 . ls ,
.29 .2~ .SS .b5 2 .30 — 7 .30  .09 .1~ 1

— .‘7 — .2’ — .56 — .~~6 “ 2.29 —2.30 .09 .00 I
— .26 —.2 . — ,51 — .57 ‘2,29 —2.29 .09 .00
.?5 — .2i — .c,8 — .511 — 2.2 11  ? .29 .119 .09
.24 — . 2 .  — .59 — .59 “ 2. 2w —2. 28 .09 .00 1
.23 —. 23 — .60 — .00 “2.21 —,.27 .09 .09 I
.22 — .2 2  — .61 .b 2 -‘2.27 — 2.26  •09 .00
.21 — .21 — .63 — .113 — 2.28 “ 7.26 .09 .09 1

- - .20 — .2 — .64 — .114 “ 2.25 —2 .2 5  .09 .00 I
.18 .10 ~.A5 .b5 “2.24 —p.25 .09 .09 1
.17 —.1 7 — .66 —~ 06 —2.23 —2 .23 .09 .09
.t 6  —. 1’. — .67 — .07 “2 .23 —2 .22 •o9 .oq 1
.15 — .1’ — .69 — ,bW -‘2.22 2 .21 .09 .09 1
.13 “.13 .FQ — .09 —2.21 —, .2I .09 .00
.12 — .1? — .70 — .70 -‘2.20 —2.20 .09 .00 1

— .1 1 — .11 .71 — .11 “ 2.19 —, .2o  .09 .00
.l0 ‘~.1’ ~‘.72 — .72 “2.09 —2 .1 8 .n9 .00

— .06 — .Q0 — .73 — .13 “ 2 .08  7.16 .09 .00
.nl — .07 — .74 ~‘.14 “ 2. 17 ‘2.16 .09 .00 1
,06 .C — .75 — .15 2.15 2 .16 .09 •09 I
.*14 — .04 — .76 — .10 — 2 . 15  — 2 . 14  .09 .09 1

“ .0 3 — . 0 3  — .77 — .17 “2 ,14 ? .14 .09 .09 1
.n l — .00 — .78 .1B “ 2.0? 2’ 1? ‘.09 .09 1

0. 00 .00 — .79 — .19 — 2 . 1 1  ~‘? .11 .09 .oq
.0’ .80 .19 “ 2.09 2.11 .09 1

.0 3 .0? — .80 —.~~0 2.10 2’ lO .09 s oc

.43 3 .02 .81 — .8 0 “ 2 .00 2.09 “18 ‘07 2
.02 — .90 — .110 —2. 0 4  ? .04 .00 .06 p

e.fl0 .0 .79 .110 “1. 92 ~~9+ ‘04 .05 2
.01 — .79 ~~~ “1 . 76 “1 .113 .03 .04 2

.431  .01 — .79 — .19 “0 .60 —1 .65  .03 .03 2

.0 1 .0 1 ‘ .79 — .19 “ 0 . 4 4  1’~~ •0 3 .03

.02 .01 — .78 — ,19 ‘0 ,28 — 1 . 2 6  .113 .0?

.02 .0? — .7$ — .78 — 1 .12 — 1 .11 .03 .03 1

.02 .07 — .78 — .18 — .90 ~~~~ .03 .03 1

.02 ,0’ — ,78  — .78 — .80 —.80 .03 .03 I

.0 2 .02 .77 . f 8  .65 .b5 .03 .03 1

.02 .0? —~ 77 — .17 ,49 ~49 .0 3 .03 1
• o1 • 0’ — .71 — .17 — .34 — . 35 .03 .03 1
. 01 .0 1 — .77 — .77 — . 18 _ . 22  .03 .01 1

.01 — .77 — .11 — .011 — .12 .113 .07
.0 1 .0 1 — .76 .17 0.00 ...04 .03 .0;

0. 00 .00 — .77 .77 .01 .02 .02
.01 .U~ — .17 — .17 — 0.00 .03 .02
.111 , Q 0  — .01 — .17 .01 .03 •02 .0; 1

0.110 .0 ’~ .71 .77 .01 .00 .02 .0 1
0,00 .00 — .77 — .11 — 0 . 0 0  — .0 ? .02 .0? 1
0 .00 .00 .7 7 — .17 .01 .01 .02 .07 1

• .01 .1’ . — .11 — .17 0 .0 0  .01 .02 .0? 1
.111 .0 ’  .7 7 — .77 0 .00  .02 .112 .07 1

. 0’  — .77 — .77 —0 .00  —. 01 .02 .07 I

.0 1  .77 — .77 0 .00 .00 .0? .07
0.00 .OC. — .77 — .18 0 .00 — . 0 0  .02 .01

• • 0 ,00 .01 — .77 — .18 0.00 — .01 .02 .01 1
.11 .0’ — _ 77 — .78 .01 .02 .02 .03 1

— . •
~I ,flr — .77 — .18 0. 00 .0? .02 .01 1
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Table 2 (Continued)

I! Y 4W IN V A 1  ~IIT PITCH IN PITCH OUT HO~~ IN ROLL OUT AL~~H TN £LPH OUT

•4.1 ~1’. — .77 “ .111 0.00 .00 .02 .01 1
0.00 •01 — ,77 .08 0.01) — .01 .112 .0 1
0,00 ,(j r — 7 7  — .18 —0.00 _ ,n 1 .01 1

• 0•00 •0’- _ 77 — .18 .01 .01 .n2 •01
•00 •o~’ — •77 — .111 0.00 _ . 01 .02 •01

0,00 .0’ .lö o .oO .02 .02 .01 1
.U ’  — .77 — .111 .01 .01 •01

0 .00 • O~ — ,78 — .18 —0 .00 .~~0I • 01 .0 1 1
U~ 00 0( —~ ‘~7 — .711 .01 — .00 .02 .01 1
0 • 00 • 0 — _ 77 — .111 — 0 ,00 ,03 .~~2 .0 1 I
u _ nO .0 —~~7~ — .18 u .00 .0 1 .111 .0 1 1U u .nO .0 ’  ~~,79 “.111 0.00 “.00 .111 .01 1
v .00 • 0 • •7F~ — .111 0.00 .oi .ni •oi 1I, u .nO . J ’  .7~ — .18 u .00 — .01 .02 .01 1
0 .00 .0 —~ 77 — .1w 0.00 — .01 .43 1 .01
u ,~~fl .0’ — .77 “.111 —0. 00 .00 .02 .01 1
v .110 ,*J’ — ,77 — .18 0.00 .0 2 .111 .0 1 1
v . 43 0 .0”  — .79 “ .711 0.00 — .00 .0 1 .01 1
v. 00 .0’ .‘~~7R .18 0.00 — .00 .0 1 .0 1 1
0.00 .0’ — .711 “ .711 “ 0 .00 .00 .111 .01 1
0. 110 .0 4 .  — ,79 — .111 0.00 .02 .flI .01 1

.0~ - .7$ .18 0 .00  .00 .111 .01 I
0.00 .0 — •76 .111 0.00 .01 .01 .01 1

* 0. 00 .0” — , 7M — .711 fl .00 .01 .01 .01 1
0. 00 .0’ —~~7M — .18 o .00 — .0 1 .01  .0 1 1
v.A 0 .0~ ~~,y 0  “.711 0.00 .01 .431 .01 1

L 0.00 —~ 711 “ .7 1 0 .00  .0 1 .4 3 1  .02 I
0. 00 .0”  — .7F~ —.11 —~~.O0 — .00 .0 1 .0; 7
0. 4 0 .t ’  —~~77 — .76  .01 .00 .02 .03
0. 00 .i — .75 — . 14 .01 .0 0 .43 4 7
v . 43 0 .O — .71 .12 .01 .01 .07 .4,16 7
v . 0 0  . 0 ’  ~~~~~ ,09 .0 1 .00 • O9 .Oc 2
v .11 0  .0” .66 “ .117 0 .00  .00 .10 .0* 7

— .65 .OS 0.00 .00  • 1u  .1.’ 7
v . 0 0 .0 ~ 63 ~*4 0.00 .00 .10 .1n 1

— .42 ~ b2 0.00 .00 .10 .ln I
0 .00  .)) .61 .01 .01 .01 .lu .1i’ I

• — • c9 — .00 .01 -01 .10 •lo 1
— 0. 00 — .514 •~~ 0.00 .01 .10 .4)0 1

v .0 0  .0’ .S7 .51 0. 00 .00 .09 .09
v . 0 0  .u t  — .56 “ .00 0.00 .00 .119 .0* 1
0.00 .0’ — .c~. — .oS I).00 -00 .09 .00 I
0 .00  .0’ — .03 .34 .0 1 .0 1  .09 .00 1
0.00 .0 ’  — .0? .~~3 .0 1 ‘09 .00 1
0.00 .0’ .51 .51 0.00 .00 .439  •09  1
0 . 4 3 0  .I) — .co .50 0 .00  .~~ s o N  .oo
v .00 .0’  — .40 .4 9 v .0 0  .00 .o9 .flq 1
v . 4 3 0  .0- ’ — .48 .48 u .00 .00 .09 .4,~g 1
v . 0 0  .0” “ .40 “ .47 .0 1 .01 .09 .00 1
0 .110 .0- — .aS .45 .01 .01 .43 9 .00 1

.44 .44 .0 1 .01 .09 .00
0.110 .0 -  ‘‘ .4 3 “ .43 43. 00 .00 .V4 9 .00 1
u. A O .0 ’ — .42 “ .4 2 0.00 .00 .439 .06 1
0 .00  .0’~ “ .4 1 — .4 1 0.00 .01 • 4 3 6  .00 1
0 .00 .0’ — .443 ,41) 0 .00 .00 .08 .00 1
u. fl0 .0” — . 38 — .311 .01 .00 . 4 3 W  .00 1
u. fl0 ~~ — .37 .J1 .01 .00 .011 .011 1
0 .00 .0” — .36 — .36 0. 00 .00 .011 .0 11 1
0. 00 .0’ — .~~5 — .3 5 0.00 .00 .4311 .00 1
v . 00 .0 —~ 14 “ .34 0.00 .0 1 .011 .o~ 1
0. 00 .43 ”  — .13 — .33 0.00 .0 1 .118 .00 1

.0’ “ .12 —. 32 0.00 .00 .4311 .00
v .4 3 0 .0 — .31 — .3 1 0.00 .01 .43 8 .00 1
v . 00 .0 ’  — .79 — .29 0. 00 .00 .011 .00 I
u . f l0 .00 — .711 — .28 u .00 .00 .43 11 .00 1
v .011 .0’ — .7 — •27 0.00 .00 .118 .00 1
0.110 .0’ — .76 .26 0.00 .01 .011 .09 1
0. 00 • ü’ — _~~S — .25 0.00 .00 .011 .0. I
0. 43 0 .0” .74 .24 0.0 0 .00 .08 .0W 1
v . 00 ,0” — .71 ,23 .01 .00 .08 .011 1
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Table 2 (Continued)

‘AW IN V~ I “lil T PITCH I~’ PITCH OUT 140LL IN ROLL OUI AL °H T N £LPH OUT

v .00 .04 — .22 —.22 0.00 .00 .07 .011 1
0.00 .0” — .71 — .21 0.00 .00 .07 .011 1
v .00  ,flt’ — .20 — .19 0 .00  .01 .07 .0 11 I
0 .00 .0 ” — .19 — .111 0 .00 * 00 .117 . ( o  1
v .00  .0” — .18 “ .01 .0 1 .00 .07 .Q0 1
0 .4 3 0  .0’ — .16 — .111 0 .00  .00 .01 .011 1
0. 00 .0” — .15 — .15 0 .00  .00 .117 .07 1
0 .00  .0” — .1k — 1 4  .01 .00 .0 7 .07
u .no .u~ — .1 3 — .1 3 0 .00  • O 1 .07 .07 I

• u.no .0” — .~~? — .12 0.00 .00 .117 .07 I
0 .00  .O~ — .1 1 “ .11 0 .00  .00 .07 .07 1
0 .00 • 0’ —~~j 0  — .10 0 .00 .00 .0 7 .07 I
v ,00 .0” — .09 — .09 .0 1 .00 .117 .Oi 1
0 .00 ,0’ — .1111 — .08 0 .00  .00 .117
0 .00 .01’ —~~A 7 — .06 0.00 .00 .07 .07 1
v. n O .00 — .Me — .1)5 —0.00  .00 .~~7 .07 1

—v .00 .0’) — .05 — .04 0. 00 — .00 .07 .07
‘-0 .00 .0’ — .04 — .03 0 .00 .00 .01 .07 1

0.00 .04. —~ n3 — .02 .01 .00 .117 .07 I
v~~110 ., 0” — ,01 —~~01 .01 .00 .01 .07
u~ oo ,043 —0 _ no — ,00 0 .00 .00 .07 ,0~ 1
0~ 4 30 _ .0’) ,O1 .01 0.00 .01 .07 .07 I
u • 110 ..0’ .02 .02 — .01 .00 .0 7 .1)7 I
0.00 • 0” .03 .1)3 .02 —. 01 .07 .07 1
0 ,00 • 0~ • 114 p 1)4 — .01 .0~ ,43 7 • 0, 1
.‘l .01 .115 .1)5 — .11 — . 1 4  .06 .07
• 02 • 0, •ne .06 — .26 — .25 .011 .07
.03 .04 .06 .1) 7 — .4 2 — .40 .43 6 .07 1

—— .05 ,Oc ,117 .U1 — .58 — .55 .116 .07
4

; .06 .07 .07 .07 “ .14 — .69 .~~6 .07 1
.08 .0’ . .117 .08 .94 —. 80 .06 .07 1• 
,09 •01 .07 • U8 .99 —. 86 .fl b .07

• .10 .11 .06 .08 .88 — .89 .06 ‘ .07 1
.11 .1? .118 • 1)9 — .88 — .89 .~~6 .07 1

O .12 .13 .119 .09 — .88 _ . 39 .011 .07 1
.13 .14 .43 9 .10 — .110 — .89 .06 .07 1
.14 .1’ .10 .10 — .88 ...8 8 .06 .07 I
.13 .1i. .10 .11 — .88 — .88 .06 .0~ 1
.16 .17 .11 .11 — .89 —. 89 .06 ,Oy 1

• .1 7 .1” .1 2 .12 — .88 — .89 .06 .06 1
• .19 .10 .12 .12 ‘- .69 — .89 .06 .06 I

- ‘ .20 .2’ .13 .13 ‘‘ .89 — .89 .06 .06
.21 .21 .13 .14 — .89 — .89 .00 .06 1
.22 .27 .14 .14 — .119 — .89 .06 .06
.23 .2~ .14 .15 — .89 — .89 .011 .06 I
.74 .24 .15 .15 — .89 — .8 0 .00 .06 1
.25 .2’ .1 3 .16 — .99 — .9o .06 .06 1
.76 •2# .16 .16 — .90 — .9o .011 .06 1

.27 .16 ~l7 — .9 0 — .90 .0 6 .06
.2 8 .2” .1 7 .17 — .9 0 — .90 .06 .06 1
.29 .20 . i7  .111 — .90 — .9 0 .06 .06
.311 .3 .104 .111 — .9 0 —• 9 o .06 .06 1
.3 1 •31 .111 .19 — .90 —. 9 0 .436 .06 1
.32 .3i .~~

9 •19 — .90 
~
9 i .06 .06

.13 •3~ .19 .2 0 — .9 1 — .9 1 .06 .06

.14 .3’. . 2 0 .20 — .0 1 — .91 .06 .06 I
• .13 •34 .;o .21 — .9 1 —.~~i •n6 .06

.36 .37 .;i .21 — .9 1 “ .9i .436 .06 1

.37 .3 ’  .?) .22 — .92 — .9 2 .06 .06
• 3 )  • .2 .~ 2 — .9 2 —.9 ? .011 .06

.40 .4’ .7? .23 ‘ .02 ‘.92 .011 •OA

.4 1 .4 ) .23 .23 “ .92 —. 92 .011 .06 1

.4 2 .42 .;3 .24 — .92 .93 .06 .06 1

.43 . 41  .,4 .24 — .~~3 —. ‘~2 .05 .06
•“ .“ .;4 .25 — .9 3 —. 93 .011 •0A I
.45 .40 .;5 .~ 5 — .93 ‘-.93 .06 .06 1

[1 11

UNCLASSIFIED

_ _ _  

________________



_ _  . . •  -- -_ _ _ _ _ _ _

UNCLASSIFIED

Table 2 (Continued)

Y AW IN Y A I  ‘s uIT PITCH IN PITCH OUT HOLL IN ROLL OUI AL PH ~N *18W OUT

- . .46 .4~ • 5 .25 .94 —.9 k •Ob .0’. 1
.47 .47 .76 •28 .94 — .94 *~~~~ .~~‘. 1
.48 .4’ . .76 .26 .94 .94 .115 •0’. 1
.49 .5’ .27 .21 — .94 — .9 4 .05 .04
.50 .51 .~~7 .27 .94 —. 95 .05 .0’. 1

• . .51 .5) •;11 .~ 8 —.95 —.95 .011 .06 I
.53 ,~, 3  .28 ‘ .95 —.9!, .011 .06 1
•
1~4 ~54 .29 — .95 — . 9 5 .06 .06 I

•5S •29 ‘- .911 — • 9~ .05 .06
• .56 ,~~~~~ .;Q .3 0 .96 ...9A .05 .06 1

.c7 .57 .10 .30 — .96 — .96 .‘eb .06

.5 04 .‘.- .~~n .i ~ — .9 7 — .97  .flb .0’. 1

.59 .5 .11 .31 — .97 —. 9 7 .06 .0’ .

.6 43 .11’ .11 .31 .01 — . 97  .116 .OS 1

.61 .111 .12 .32 — .9k — . 9~ .Me .0’ . I

.62 .111  .1? .32 .~~~ .98 5435  .0’. 1

.63 .114 .13 .33 —~ 911 — . 913 .05 .04 I

.65 .~~“ .13 .13 — .99 —.911 .011 .0’. 1

.66 .114 .33  .34 .99 — .99 .011 .06 1
.67 .34 .34 — •9 0  — .9 0  .06 .06 1

.68 .4 3 ”  .14 .34 “1.00 “1.00 .05 .06 1

.69 .110 .14 .35 —1.00 —i .00 .435 .0’. 1

.70 .7 15 .35 1.00 ‘ - 1 . 0 1  .43 5 .06 1

.71 .7~’ .35 “ 1 .0 1  — 1 . 0 1  .0*’ .0’.

.73 . 71  .111 .36 1.01 1.01 .06 .06 I
4’ .  .74 .7.. .16 .311 “0 .01 —1 .02 .011 .06 1

.75 .1- .17 .3 7 1.02 —1.0? .05 .06 1
• .76 .7’ . .17 .37 — 0 . 0 2  — 1 . 0 2  .435 .06 1

.17 .17 .37 “ 1 .03  — 1 .03 .05 .06 I
• 18 .7~ .114 .311 t .03 — 1 .03 .1111 .0’.
.79 .4 .311 1.03 — ! . 0 4  .011 .0’. 1
.~~1 .41 ’ -3’~ — 1.04 — 1 . 0 4  .05 .0’. 1

.1 4 ’  .39 .39 “1.04 —1 .05 .435 .1)’. 1

‘ “ 3 • M~~ .19 .39 — 1 . 0 S  ~.fl5 .4.5 .4.4
.43 4 . 1 4  .40  .4Q 1.05 — 1 . 0 5  ~~~ .1)6 I

_ 11’- ~4i~ .40 “1.011 —1 .0 6 .0’. .0’. I
.147 .40 .40 —1. 011 ‘.,.0’. .05 .06

.1111 .14 ’ .41 41 — 1 .07 — 1 .07 .115 .0’.

.49 .11-i .4 1 ‘41 ‘-1.01 — 1 .07 .06 .0’. 1
.9 • .4 1 .41 “1.07 — ,.0R .1111 .06 1

.0) p9 ,1 .42 .42 —1 .011 “1 .0$ .011 .06 1

.03 .90 .4? .42 —1 .08 —1 .08 .115 .04 1

.94 .9.. .4? .42 ‘- 1.09 ).O9 ‘011 .43’.

.05 .9” ~4 3 .43 1.0’# ‘ - 1 . 1 0  .011 .0’. 1

.96 .9— •~~1 .43  “ 1.00 — 1.10 .06 .0’ . 1

.41 .9’  .43 .43 — 1 . 1 1  1 .11  .011 .06 I
.9’. .43 .44 “ 1.11  — 1 . 1 1  .06 .0’ . 1

1.00 1.0’ •44 .44 ‘ - 1.12  “1 , 12  .06 .01’ I
4 , _ Il 1.0 ’  .44 .44 — 0 .12 —1 .1? .011 .06 1
1.’? 1.1)1 _ 44 .44 — 1 .13 —1 .13 .06 .4.0, 1
1.~~4 1.0’. _ 45 .‘5 “1.03 — 1 .13 .06 .06 1
1. 15 1.0’ • 4 11 .45 — 1.14 — 1 .11 .06 .1)6 1
1.436 1.0” .45 .45 ‘-1.14 —1.1 4 .116 .06
1.°~ 1.’l .45 .45 —1 .15 —1 .14 .06 .0’.
1.°0 1.0° .46 .46 —1 .15 —1 .13 .06 .0’. 1

4, 1.10 1 .1 .4*’ .411 “1.111 ‘-1.06 .06 .0’. 1
0, 11 1 .17 .46 .46 —1.17 — 1 .17 .06 .0’. 1
1.13 1 .13 .46 .411 — 1 .17 “1.17 .°~ .0’. 1

• 1.14 1.1. .47 .47 “1.17 —1 .1 11 .06 .04 1
1 .13 1.1’. .47 .47 “1,19 — 1 .1 8 .011 .0’. 1
1.16 1.1 ? .47 —1 .19 “1.19 .011 .0’. 1
1.18 1 .1’. .47 .47 — 1 .19 — 1 .1 9 .06 .0’. 1
1 .19 1.10  .41 .47 —1 .20 —1. 2 11 .04 .0’. 0
1.20 1.?’ .411 .48 ‘l.ZO — 1 .21 .06 .0’. 1
1.72 1 .2? .411 — 1.21 —1 .21 .116 .06 1
1.2 3 1.2° .40’ .411 1.21 — 1.22  .06 .0’ . 1
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Table 2 (Continued)

IN 9* 11 ~ IPT PI’Cw ZN PITCH fl ut WOU. IN ROLL OU T AL 0H 711 *1.814 out

1.26 0.2’- •49 .411 ‘-0.22 —1 .22 .011 .0*, 1
( 1.26 1.2’. .4~ •~ l “0.23 —0.23 .04 .0*

4 .27  I.?’ •411 .49 ‘-1.23 —1 .23 .011 .~ ‘. I
1.fl 1.20 •48 .40 “0.26 —1.24 .04 .0’.
1.90 1.3” .49 .49 “ 0 .2 4 — 1.23 .011 .0* 1
1.31 0 . 3 ,  •~ 4 • 48 •R.23 —p.23  .04 .0* I1,32 1.33 .49 .49 “ 1. 24 —0 .2 6  .06 .0* 1
1.34 1.3. ,‘.9 .4~ —0.211  • . 24 .06 .0’. 1
1,33 1.3’ .44 .49 — 1 . 2 7  v .27  .04 .0’.
1.37 1.37 .49 .49 ‘1.27 .0.211 .011 .0* 1
1,10 1.3’ .49 .90 —1.28 —1 .29 .Oa .0’. 1

t 1,39 I,4~ • 110 .110 —1.29 —1 .29 .011 .0’.• 1,41 1.41 .50 .1110 — 0 .29 —i.30 .114 .0’. I
2.42 1.4~’ .;o .110 — 1.30 .1.30 .04 .0* 1
1.e3 1.44 _ 30 .90 —1.30 — 1 .31 .66 .0’. 1
2.43 1.45 .110 .110 —1 .32 .i.32 .04 .0’. 1
1,~ 11 1.44 ~30 .90 —1 .32 —1.32 .011 .0’. 1
2, 48 ).41. .90 .110 —1.33 —3.33 .011 .0’. 1
1,~ 9 1_ 40 .30 .sO —1 ,33 .1.34 .011 .0* I

• 1.90 1.91 .110 .50 —1 .34 —).34 .06 .0’. 43
1.52 1.52 .30 .50 —1 .35 —1.35 .06 .0’. 1
1 ,33 1.31 .30 .110 —1 .19 —1.36 .011 .0* 1
1.36 1.35 .30 .110 —1 ,311 —t .37 .011 .0* 1
1,196 j.Sv .30 .110 —1 .37 —0 .37 .04 .0’.

F 
1.37 1.37 .110 .50 “1.31 —1.33 .011 .0’. 1
1,31 0.3” .60 ,30 —1.34 —1.3 2 .06 .0* 1

• 1,59 1.5v .110 .111 —1.27 .1.26 .05 .05 1
2 .39 1.39 •q) .53 —1 .12 —3. 15 .03 .0;
1,39 l.b~ .32 .112 — .~ 7 — t . 0 t .06 .Os I
1.39 1.11’ .32 .9? — .11 — .03 .114 .0* 1
0 .119 1.34 .113 .113 — 1 1 9  •.41 .06 .14 Io o.s’ 3~~114 .33 .53 “ .60 ,...3~ .0) ,

~~ I
0 .5$ i.3~ .113 .113 — .33 —.3k .03 .i~ I
0.58 1.11” .33 .53 — . i? —. 23 ‘U .03 1— 0.511 1.’~” .33 ..~ — .i~ — ‘ 0 2  .02 .,

~ 1
0.38 0 .5 ’  .33 ‘53 0.00 — .0 2 .0? •0~1.58 1.5’ .93 .113 “0.00 .03 .01 .0% 1
0.. 1.b’~ .112 .53 “0.00 .06 .01 .0) 1
1.511 1.11— .32 .113 0.00 .0? .01 .0) *
1.56 1 .S’~ .6? .113 0.00 —.0* .01 •0 i I
1,58 1.11’. .112 .113 0.00 ..00 .01 .01 1
0.5$ 1.3~ .5? .113 0.00 .00 .00 .01 0
1.3$ *.S” .112 .113 0.00 .01 .01 .01 1
1.59 1. 11” .52 .33 0.00 .01 .01 .0*
1.3$ 1.11’. .32 .113 “ 0,00 .,0 1 .01 .01
0 .3$ 1.50 .j 2 .113 —0 ,00 —. 02 .0 1 .01 1
1,50 1.11* .32 .113 0,00 — .01 .01 .01 1
1.9$ 1.5— .111 .113 0.0. — .01 .01 .01 1

• 1.34 1.5’. .32 .33 —0.11 .00 .00 .01 1
1.3$ 1•Ss .52 .113 0.00 .01 .0 1 •01 1
1.114 .11’. .32 .113 0.00 — .00 .01 .01 1
0.110 1.5— .112 .113 0.00 .01 .01 .11
1.58 1.30 .U .53 —0.00 — .01 .01 .01 1
1,59 1,11’. .32 .113 —0,00 .11 .01 .11
1.3$ 1 ,50 .3? .113 1.00 ..00 .01 .0*
1.s$ 1,5” ,;? .113 0.00 .00 .11 .Sl

U 1.110 1.11.. ,3? .113 —0.S I .00 .0 1 .0* 1
i.SS 1,5’. ‘2 .113 —0.00 ..00 .01 .0* 1
1.5$ 1.11’. .112 .53 0 ,00 .01 .00 .01
1.11l i .sm ,;2 .113 0.00 — .00 .01 .0%
0,30 1.5k .3? .113 —1,11 .00 .01 .0* 0
0. 59 1.3’. .3? .53 —0.00 .~.01 .0 1 •01 I
1 .39 1.3’- .112 .93 0.00 .00 .11 .11 1
1,54 )•9* .32 .53 0.00 .01 .01 .0* I
1 .3$ 1.3’. .52 .113 —0 ,00 —.00 .0 1 .03 1
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PROGRAM ANG LF (INPUT , ‘*LJTPUT, TAP ES)
DIMENSION ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~l U ),AL (LMOfI )
DIMENSION XD1 (3),ADUI(I),~a~~(I00U.3),R~~(100 0.3)
I)!MENSIOP’l XU 71(3) ,XL )D77 (3).CL IN t (3) .ANX (3) ,HL (3) ,W (3)
DIMENSION *D I*U0( ~’3),*fl))(43~~QU .3)

j  L N T~ 5
c THr FOLLOWI’9’. uala I~ row tHE F—4 ANn ~OR THE PA~~TICi,,LAH FLIGHT
C PA1’ P’$ DA TA US~ u P T’1E OEMO ’ .JSTNMIIU N 

~~~~
•

C WT IS MIR~ HA~~T W~ IfHT , S T S k~ FtHEWrF AHEA IN SQUAWI ME !EkS, TA TS
C f*’4WUs~ ANr,LE A~~UVt. IH( L1DI*ITUDINAL AX IS OF ToIE alHcp’.Fr , AND ALTR
C IS THE ALT1 I ”I’~. ‘uS~.,T.Es THE ELEVA TtU~

j A I4OV, SEA LEVLL OF THE
C ORIGIN OF ThP~ CUONDI,9ATF SySTEM THAT IS JSEL) To SPECIFY THE FLP,wT

I :  C PATH .
D ATA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
UP..

I
4OLLP.

~
.

w O c~~W T / ~
HEAD (*‘i~~,1Oo)

L oU FORMAT (//////////)
C JHE 00 160 LC~,,H IS ~ET UP tO HEAD A PA~~1ICULAR l*P~ fOJH MA T .
C THIS MUST ~L CMA~

(jEU TO COQRtSPU~ U TO THE FOOMAT OF TIlE INPUT TAPE
C OF’ FLI IaI$T PATH u’.TA 0~FTMi uSED.

KPTS.O
00 16143 I~~I,1’ 1flU
I PTS.1c1’Tc.l
HE*O (NI .102) TI (I), (XTII ’J) ,J~ 1’3) ,a,u) .EL(I) .ROL (I) 

,AL (I)
• 

~ . C NOTF THA T Al . EL. RUL , AND AL ANE T I’4 8’ YAW, PITC H, AND ANGLE OF
C ATTAC K OF THF AI~-CRA FT . TuESE DATA A lO E AVAILMILE FOR THE
C PA PTICULA P El I1.,ii T PAT~4 ~E TpiG USLü A ND aRE READ HFRF SO THA T THEY
C CA N BE COMPA•4F0 TO THF VALuES CUMPUTFU W IT H TH IS PROGRAM .

1r~d FO~ MATIF5.1,iF10.l,75*.4F5.2)
IF (EOF .,JT) 7~~0.1bO

- - 1611 CONTINUE
15U KPTS KI”TS_l

• C ‘~OTE TM AT THF I’PlO (iRAM IS ‘.1011 SET Up TO READ UP T~ 1000 0*1* POINTS
c • THE AM OUNT UI’ MEMORY CnIILD BE ~iREA TLY REDUCED 9Y READI NG TP4ØUT
C AS IT IS NELr’EO, THA I COIl, D t~E DISC~ Rr%ED AND FIT3 COULD NE CALLFO
C INSIDE THF (Y’ ~~U L~ UP•

T1.TI(’)—TI (I)
T2.TI(.i)_T!(?)

H r.112.11 ,2.
u~ 11 1.1,3

X fl T (I)~~(XT (2.I ) X I (lIT )) / Ti
Z.(XI(J ,I)— X T(i ~,I))/T?ADD I ( I ) . ( 7 0 1 f 1 ( I ) ) / T

i.I• C IF VEL.UCITY A I’IØ ACCLLERAT ION DATA APE AVAILAB LE AS IPIPU1 IT SHOULD
C ~E REaU AND THE c.ALL ~)N SIIMROUTINE TQAJ SHOU,’D NE SKTPPtD. TRAJ
C CALLS P’~~T~ *‘O COM PUTF~ VFj OCITY AND ACCELERATION.

CALL TMAJ (IcPl5,XI,TI,XnI,XDDI,XL),Xflfl,o1,d2)
PRINT Iv~A

C THIS Mt.ADING IS FUR T eir CHFCK011T RUNS ‘.NLY,
lAb FO0MAT1//,1~~~.bMYAW I~,.3*,lH’~AW UUT,~~*,BP*PITCl4 IN,2*,9PIPITCM Doll ,

• U 12X,TM HULL IN.~~A s øMRULL OU?.3X,7IIALPH I’0,2X,$H*LPM OUT,/)
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0)0 ~d0 £a6 . 1I’ l ~• r~TTERau
no 12 J.3,3
ADFL(J).Xr,(1.j)

• 1~~ *flf’%ZZl’J) .yf)D ,’L ,J)

1’
14 ~~~~~

1”. L. N * ( . J ) 1 0 0 1 1 ( J ) — * U Z I ( J % A 1 ,IG/ 1Zl

%~~ MLl.)p4TI MLPI4P.!~
T . (A L ’~U•w fl( i. ‘-‘ ) / C U S ( A L P . I O %

• Lan NOw wOr ,.T~~~IN(gL0” sT,
D5 .ULlEI5yt I,~~)•At!-~~V~~7)*c

IFICL .LT .* .) r.U 10 17
C IHC’ FOLLflW INt~ Cal CtJL*TTONc OF D~ ANn A LHM A~~E FO~ I HF F4. THF Y
C MUS T st. r.P’a~ ’~EU FOR OTI4E H 0IRC PMF T ,

L)P*QS I • • 3u4’ CL..~~, 7*~1 / CALL AL A IC l .SLI.M,IF) i%(~,,,J~ LA (,)
1F( IFLMC,.JFL’ ’ . u1 .O)G~’% 10 ib

~I 
TENs”ITER .~

IF(AP4S IA L PH— LHPI I 0 .LT ..OOc l s,,Q Itj l~
ML ~HP. ML P14
IF (NIIEQ .Ll~.*-) (-U 1 0 15
I’PTNT 111 7

ir ’ FO,~MA T 1 l~~~.*’ 1IE~ ~*tACWED c E V ~~N. a)

3 d A L~~$ P U LPW
Vy aPdA.V /7 .Ta (AL ~~P,)/A~J t’~W

oo iQ
1” CLTNF’ ( . J ) * X O Z /  (J ,  . VT A N~~eA N x  ~ j )

CAL L THE~ HI (C LI~~ (1) ,rIINF 1I),CLINE’o l , M ,(,W,YAW ,PITCM
F
IlL 0 1 ).~ LTPJ E ( •

~ ) / ~ A1 ,
IF (HL (1 ).FlI .,) IFLAG.1
rIL (2 )  ‘ C L  TN F ( 1 )/ F  NC
IF (HL (’).F1. ” ..At.U.IFLA 0~i .Ffl ,l) o,O TO 23
F AC~ VZ~~~AN0I4
~ fl ) a ( A Q 7 7  ( 2) 6 A,-

~ x ( 3 )  — r n Z l  Il) ANA(? ) ) /F aC.
11(~~)*(ADZ7(3)11M1~J(l)..l(l’lZl(l)**NA( 3))/FAC
m(3)s(A ()77 (~~)4A ,9X (~~)_ gr ~ZZ (~~)*ANA(j ))/FA C
£ZSHL. (J) — W ( 3 %
Lu ($L (l )~~w ( L l  )*.?
L.(HLI’) ..w(2) ) ~~*?.j

L.ZZ•~~ .7
£sS W RT (Z )  /2.
ROLL S 2. .AS T d L)
IF(Zl.LT.l0.) WOLL $~ ROLL

• - 1F(Y*W .c .T.3.l4lb ) Y*W.yAW .*.2~ 3~
C THIS H~~TNTOUT IS FU~ CWECw~U’ . IN NOw ~~AL USI. TM(RE WILL $1 MU £7,
C EL. HOC. A t’ll) A L TO ~RTNT qu iT.

?~ PRINT ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~m i  FOIIMAT (15X,4(Fb.2 ,4* ,F5.2,(r.)I),1U* ,T*)
ii 20 CONTINUE

GO TO

~~~ PAGE 5
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lb PRINT £0 ’ 4
irA FO’aMATI I, .x,~~’L IS )UT OF ~flUNDS . )

HRINT 107 .t I l 1 ), *!(I.,j ‘ Iw 1* 3 l~~AZ T ,FLU) ,ROL( I)  g A L l ! )
~o To ~o71 HR IPdT L~ c1~~b lO IMAI I ) 0x . e

~~1w C baF T ~c Pn,NIEU STRAT (,.IT (IP.•)
Go To ~?

~~ CON TIN’ F
lv~~’ ~.o’-lT I ’ %.UF

SUNROUIINE M, PP$* (C L .A L PH, I r ’L AG ,J FLA4 )
C THIS FUP4CTI (.) RETURNS THE A NGLE OF ATTAC K FOe TIlE GIVEN CL.
C aLPHA IS TN ~A U1AN S.
C 1F1A6 1 FOR ~L TOO l.O~ . Jr, AG—I FO Q c~ Too MIr,M.

IFL*G~ J
.JFL AGS 9

- 

o .  IF(CL . LT .~~.2) GO 10 10
IF(CL. LT.. 6S1 ~o T~ 13
IF (CL .LT..7b ) (10 TO 17
IF (CL ~iT..8 )  (IC) TO ~~
J FLAO .I
RETURN

10 I~~LiG.I
A RETURN

~i ALPH fl.37~ *CL U .00436
RETURN

l~~ ALPM.O.639.Cl —0 ,202
RETURN

~i ALPHUfl.277.2.0209(CL—fl.?5)
RETURN
END

FUNCTIUPO (
~UEfM,S)

C WOE IS OYN*MTC PRESSUaF iN KG PER 5~ METER,
C ‘4 IS ACTITUOr A~ OV( Si IN METERS. S is SPEED IN MET ERS/SEC.

SIG .EX ’(~~.O94M*($/IOOl3.)*111.04?)

JUES .Ob?4.SI(I*S•S
HE TURN

• (ND

16
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SU&4OU IIN F T~~.J (K PT S ,X T  ,T7 .XOI ,A DDj  ,X D , AD D ,b l  ,82)
D IMENSION A I ( l O 0 0 , I ) , X r ) l l f l i , O , 3 ) . X D D ( 1 U ( ( 0 , 3 ) , R 1 ( l O O 0 , 3 ) ,~ 2 ( 1O O U , 3 )
DIMENSION A D T ( 3 ) , XD D I ( 3 ) , a , j E u ( 3 ) , A n , J F W ( 3 ) . A D D N E W ( 3 ) , T I I 1 0 0 0 ,  -:

DIMENSION Q1 (’~),Q2 (3).AX (c .3),AT( 8)

00 100 1.1,3
~O (2,I).XDI (fl

100 ADD (2,I),iXDOT (I)
‘41 K PTS—?
DO 300 Jp(.2gr41

~o 200 j.I,6
N .JK .J—l
A T (J ) T I (N)
O~ 2~ O i — l , 3

201) AX (J , I)s * t ( N,I)
CALL F I T 3 ( A X , A T , A N Ew ,A nwEo ~~ADD NEw ,X DT ,xDO1 ,W 1 ,Q2 )
M.j K.4

• DO 300 1—1,3
AD (M.I) .ADNEW (I)
A0O (M ,I ) .ADD NEW( I)

C N~ ND ~2 A RE AV* ILA NL . E IF flNE Wj $l’j FS T~ INTERPOLATE TO OT’4(R TIMES
C • OTl4~ RWTSE THESE bOOn WOpDS CAN BE EL IMINATED .

~Il (JK ,I) .Q1 (T)3~ U B2(JK.1).02(y)
• RETURN

• 
END

SURRO UI pIE FTT 3 (~~~,A T ,ANE W ,ADNEW ,*DDNEW ,*DI ,XDD I ,Q1,Q2 )
- • 

DIMENSION ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
— DIMENSION Q1(3),02(3).AX (R,3),AT(8)

DIMEN5ION T’4(7),TN2(7),TN~3I7) ,1(B) ,TAUlS ) ,~~(B)
C USING S(T OF’ H POINTS TN S~ QUENCE, MAKES LEAST SQUARE FIT OF’ 3RD
c DEGREE POLY P40~ IAL TPIRIJ 1*51 T’4RE( POINTS, KEEPING FIRST POINT, AND

- - C ITS FIRST OEl-1 I~~A TIVE UPICIIANGED,

DO 1 J 1 . R
1 T (J).A1 J )—A ’r cl )

00 2 K ,S
2 T A U ( K ) • O.

DO 3 I~~1 ,7
,j
DO 4 K 1 ,S
00 5 1 i.7
T NU)s ! N 1 *, (I’I)
IF( K .EW .I) T PI , ( j ) .T N( 1,
IF(K •E~~•2) T l311).T N(T ,

5 TaU (K) TN(I).TAll(K)
~ COWT IN~ E
Do 6 1 1,,
X O .AX (1 ,!)

• v O SXOIU)

I ~ 
17
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oo 7 J 2,R
7 X (J)AA(J,I)

• • B(TA .O
ALPHA AO.7AU ( 3  ) .VO~ TA ~j ~2)

• • DO B J 1.7
N NETA .* (J ,1)*TNZ (J ) ,NE3A

d1.BETA~ A L PHA
BE TA — I)

• A L PHAUA O*TA U(2) .VU * 1’ Aj ( 3)
DO 9 J•1.7

• 9 BETA X (J , 1)eT~’3(J) .bE’r A
• N? BETA _ALP HP

C SOLV E 5ET OF’ 2 ~OU4 T~~ pjS F~ R TWO UNKNO*~NSO T A U IJ ) e T A U ( 5 )  ..TAU(4)..2
• - D1 .TAU (5).81—TAU (4)*B2

02.TA U(3 ) .82— TA U (4 )  ‘81
IF (O .EW .fl) GO To l o

A2.02/lJ
U~ (I)~~~1
Q2 (I)”2
ANEW ( i) .xô. VO’T ( 5) .A19TN2 ( 4) •A2’TN~~( 4)- ‘ ADN(W( I).VQ .?.*A1’T (S) .3,.A2*TN~~(4)
A DDNEW ( I ) .2..A1.~~..A2.T(S)
AD! (I) v0.2.’Al*T (,~,3.’A?eTN2

(1)
• 6 CONTINUE

RETURN

-• 10 CONTINIJF
PRINT 2n,AT ,TAU.O

-. STOP 1~
20 FOR’4A ’Tc5X ,G435 .b)

C STOP if INO Ir~A TES THA T THF DETE RMI NAN T OF THE SET )F EQU ATIO NS
c is~ o — I.E. ~~ SOLUTION

R (TURN
END

SURROU IINE T ’-IEP$I (X9y,7 ,H ,RR ,THt,PHI)
C THEPH! COMPUTES T’4 E MA IIPITTOU F OF A VECTOR, THE MAGNITUDE OF ITS
C P’~~JccTiO’~ ONTO THE A1,X; PL~

p
~jE AND T)W A?IMUTH AND ELEVATION ANOILES .

IF CX ) 5’ 10.15
5 THF’ A T U N (Y / X )  .3.141597A53A

110 TO ~O
10 IF (y )1l ,12,11
11 THEs4.il2388Q’~GO TO ~O12 THr O.U

PHISI.5707961168
~psO •O
RiaBS (L)

• HFTURN

ill 18
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I~ 
Twr. ) .~~i.. p~ a % ~ 6b
GO T O ~~

~S TME AT A N Y/X i
IF (Y.1P!.O.O ~o T~ 2~

• 20 IF (Z , LO .o.O) ReTU RN
GR2.X A.Y .Y
H—SOR T IGR2.Z ’ l)
GR.SQRI (OR? )

• PMIuA T * N(Z / G~~
)

• - •  RETURN
END

FUNCTION R A N D E V ( ! )
T yP( REA L I

- • IF( I . Nt .f l .) r.i i TO 30
I F ( J X S N(, 0) ‘ r i  T O 20

- U 1uRANP~~’~,) I u2.R*Nç-cn .)
IIK.$QRT(~~2’A! OII(U1))

kA NO(V X~~.CO S(P2)

— AJ( s XX ’ S IN( P2)
- JX’i m S RFTUI4

20 RA ND(V UXX
J * O  S R~ TUR’.i

30 IF(I,Ol ,lo ,)  r.O TO 40
I RA NOEV RA N F I— l . )  ~ ‘4ETURN
I 40 Y.RANF ’I) S jX.0 S RETURN

END

[1

Ii
ii ~j~lj~’L r~— —---

19

r UNCLASSIFIED

I

~~ •— - • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - • • •  ~- •  -~~~~~ --S - - -—••  — -~



- • - - -

UNCLASSIFIED

DEFINITIONS OF PRINCIPAL VARIABLES IN PROGRAM ANGLE

• ALNG Component of acceleration along velocity vector due to aerodynamic and propul-
sion forces, meters/sec2

ALPH Current angle of attack , radian s
ALPHP Angle of attack at previous position; angle between velocity vector and longitudi-

nal reference line of aircraft , radians
ALPHT Thrust angle of attack; angle between velocity vector and thrust vector , radians
ALTB Altitude of origin of reference coordinate system above sea level , meters
ANOR Component of acceleration perpendicular to velocity vector due to aerodynamic

and propulsion forces, meters/sec2 
______

ANX(J) Value of Jth component of ANOR ; i.e., ANOR = (ANX(l ),ANX(2),ANX(3))
BETA Yaw angle of aircraft ; azimuthal direction of projection of longitudinal line onto a

horizontal plane , positive counterclockwise from X axis, radians
CL Lift coefficient , dimension less
CLINE(J) Value of ith component of a vector along longitudinal reference line of aircraft
DP Drag, either current or at previous position , kilograms
HL(J) Value of Jth component of a horizontal unit vector perpendicular to aircraft

longitudinal reference line
KPTS Number of aircraft positions given
L Lift (perpendicular to velocity vector), kilograms
QUE Dynamic pressure, kilograms per square meter
ROLL Roll angle; angle between aircraft plane of symmetry and a vertical plane contain-

ing the longitudinal reference line, positive for roll to the righ t , radian s

S Reference area of aircra ft , square meters
T Thrust, kilograms
TA Thrust angle; angle of thrust vector above longitudinal reference line of aircra ft ,

radians
TI(I) Time when aircraft is at position I, sec 

______

W(J) Value of ith component of a unit vector perpendicular to both velocity and ANOR
WT Weight of aircraft , kilograms
XD(I ,i) Value of Jth component of aircraft velocity at position I, meters/see
XDD(I ,J) Value of Jth component of aircraft acceleration at position 1, meters/sec2

XDI(1) Initial value of Ith coordinate of aircraft velocity
• 

- XDDI(I) Initial value of Ith coordinate of aircraft acceleration
XI(I ,i) Value of Jth coordinate of aircraft position I , meters
ZETA Pitch angle; angle between a horizontal plane and longitudinal reference line ,

positive for positive values of CL1NE(3), radians
20
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