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Labgratory Report T-628rMay 1976.

Kellogg, M.L., "Precise Nulling of Attitude and Motion Errors of a
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Siiver, S.R., "A Unified Spacecraft Autopilot for Controlling Velocity

and Attitude in Several Types of Maneuversr'r Charles Stark Draper

Laboratory Report T-823, May 1983.

$lmmary

An EASY5 simulation has been developed to rapidly assess controllability of a

generic postboost vehicle (pSV). A large attitude control law, aiiial velocity control law,

terminal condition control law, and an attitude hold control law have been integrated into
one control algorithm. This commonality minimized computer program complexity and

memory reguirements. The phase space technique was used to coordinate control for all
six degrees of freedom of the veilcle and permit convergence on an end state of constant

commanded attitude and constant commanded linear velocity. All IR & D objectives have

been successfully completed and verified using several PBY configurationS and representa-

tive system tolerances.

(2t
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o, Problem

Computer tools for assessing PBV reaction control sysiem performance are all very

detailed and oriented toward specific program designs, such as the inertial upper stage

0US). These tools, theref ore, do not lend themselves to rapid assessment of system design

reguirements. A preliminary design tool is needed that will allow easy implementation of

conf iguration changes.

Objective

The specific objective of this IR & D task is to develop a general six degree of

f reedom preliminary design computer simulation for PBV reaction control design analysis.

Approadr

A general simulation using the EASY5 computer code will be developed to permit
rapid accommodation of changes in thruster locations, thrust angle with respect to body

axes, arid thrr.rster characteristics such as minimum impulse bit and thrust level. A single-

axis-rotation (SAR) control law utilizing phase siace logic will be implemented for
assessing timelines, fr.rcl consurnption, and duty cycles.To the extent possible, the control

law willrbe generalized to accomodate various system configurations.

Progress

All planned activity described under Objective and Approach have been successfully

completed. The remainder of this memorandum documents the algorithms developed and

presents simulation results of a typical eight thruster configuration. Figure I depicts the

control system which was implemented in the EASYi simulation.

Meas,rrement and Estimation

The measurements used by the autopilot shown in Figure I are assumed to come

from an inertial measurement unit 0UU). The IMU measures the velocity contribution
produced by the reaction control jet forces (total velocity - gravity component). fne tptU

measures the linear velocity at its location on the vehide and measures the vehicle's

attitude relative to the IMU inertial reference frame. These IMU measured quantitites

are sampledevery computer cycle for use in the flight computer error calculation routine.

This routine builds an attitude increment vector by comparing the present IMU measured

attitude with the attitude measured at the previous computer cycle. This routine also

calculates the attitude error by making use of Euler's Theorem and will be disclssed in the

rext section. Since angular rate is not measured directly by the IMU, an estimation



fi
method mtst be used. Two estimation routines have been developed for this control
system. A nlagless filtern estimation routine is used when the jets are firing.and a nleast -
squares'r estimation routine is used during the coast period prior to the final nulling burn.

The derivation of the nlagless filteC' as presented in Reference (3) is as f ollows:

(l )

Vhere:

AT = control cycle interval

A 0 = change in attitude during the control cycle

Vi-t = the present angular velocity

V, = the angular velocity at the previous sample irstant
I

The difference between the present angular velocity and the previous angular

- a-0
AT

f& 
t 

velocity is eqrat to the angular velocity gained (AW) during the previous control cycle
It

ll., - llt_.t =Al.l (2)

Dividing Eq. (2) by 2 and adding it to Eq. (l) results in the following expression for
the present angular velocity

Hi =ti -f (3)



The change in attitude is calculated f rom IMU measurements (ae,n), and the angular
velocity 'gained can be approximated by the previous ahgular velocity-to-be-gained
command (wr). Therefore, the angular velocity can be estimated with the following
e quation

*.,=o#. F (4)

where wi eguals the estimate of the present rotational velocity.

The IMU measurements, and consequentlyA06; coDtain high freq.rency noise,

however, so a lagless filter is added to this eguation to tet a better estirnate. To begin

the derivation of the lagless filterrthe z-transforrn representation of Eq. (4) is multiplied
by a term that is a unity transfer function (and therefore lagless) to produce the

expression

u(z)=[+*,.bP] r +"PF+ (s)



fi
aor(z) . wn(z)

Since fr + -f is egrivalent to the z-transform of the present angular

velocity, this guantity multiplied by (l - z-l) is equal to the-z-transform of..the change in

angular velocity during the last sample cycle, which as stated previously is assumed eqr.ral

to the previous angular velocity-to-be-gained command IVg. So

Hc(z):F,.+g]n-z-,)

cll
- Tr'

(6)

tubstituting tNs into Eq. (5) gives

(7)

[,.,

(8)

(e)(1 . #

wNch is eq.rivalent to

(f +t )r.r(z) -

t:E

-

(r+

Multiplying by the denominator yields

I
'(r=z-r)..| l- 

ol+tt' * P+ wn(z)Ii

_l

Taking the inverse z-transforrn of Eq.(9) gives

(f *t )Hi -

(f) z-]rl (z) =o'l+" * 1 wn(z)

(#)ni-r f)nu (lo1



and rearranglng yields

o
AoM

(f +t )ar

?.1
AT2c* * ui-'t

(#
Hi- .t' !1".

u

Aox t,4l 
' 

i
ti., -pq6f +I'lcT-+dT *Hi-l]-rTAD

(3i +t )

Ns-I (c(tr1 -c.,)z
i-l

(ll)

(12)

(t +1

which is the desired angular velocity estimation equation derived using the lagless filter
approadt. The time constant r can be varied depending on the relative uncertainties in

0 j1 and Wg to obtain good estimation perlormance. The value of r used in the computer

simulation was chosen empirically by comparing the estimator's perlorrnances for several

values of r.

The derivation of the nleast-squaresl estimator as presented in Reference (3) is as

f ollows:

The least-square method estimates the angular velocity of the space vehicle from N

attitude measurements taken during a coast period of duration Ta** , where Tcoast

eq:als N - I sample intervals. A hypothetical plot of 0 versus time f or one axis is shown

in Figure 2. The estimate is derived by finding the slope of the straight line that provides

a nbest fit'r to the N attitude measurements. The nbest fit" straight line can be defined

mathematically as the line

0(t) - mt = b ('t3)

that minimizes the sr.rn (S) of the squares of the errors between the line and the measured

attitude at each of the N saftple instants, where m is the slope of the line and b is the

intercept. 5 is given by the expression

::!L

-F

-
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where t1 is the ith
velocity estimate is

sample instant and 0, is the ith value

H=:Te(t)=m

least-sqrares, the vah.rc

'

N

!,1 -m=
N > tioi - (

i =l i

From Figure 2, it can be seen that ti can be expressed as

ti = tl + (i-1) aT

where t1 is the initial sample irstant and

W does not depend on the value of t1, so

Eq. (17) to

(1 7)

AT is the sample interval. It can be shown that

t1 was arbitrarily chosen to equal ATr reducing

of C. The desired angular

(15)

(l 6)

From the method oI V is given by

NN
>-ti)(
=l l- l")

N^NN.>.ti - (.I-.i
i-l i-l

2

)

ti=

The following identities can be written

iAT ( l8)

(1 s1N(N+l )
?

N

:i =
i=I

N

:
i=l

i2a N(I$l t (2N+l )

5
(20)



Substituting

expression

where:

and

Eq. (ls) into Eq. (16) and using the above identities results in thel'
N

NAT Il iri
lfl

N(N+l ) AT N

I.ril=lT- t2
N'(mtt(Z*+t) ot

6

rz.g-( i - {Lli-l L

-(N(rtrl)ar)2
(21)

(22)

equation. When

(23)

which can be reduced to yield the expres6ion

0.
I

!f-
(n3-n)ar

This is the desired least-sqr:ares coast angular velocity estimation

this eguation is implemented, it can be written as

N

n - I (r.,i + rr) r,

l2
Kr - iFT;;

(?4)

Single-Axis-Rotation (SAn)

Accordng to a Theorem of Euier, the

given orientation to any other orientation by

(2s)

attitude of a body can be changed from any

rotating the body about an axis that is fixed

r ^ ltl]-raT
K.- 

--

" (N'-N) aT



o to the yehicle and stationary in inertial space. The attitude error between the space

vehicle's present attitude and a desired attitude commandedby the guidance routine can

be represented by a three-element yector based on such a rotation. The direction of the

vector defines the single axis about which the vehicle must rotate to reach the desired

attitude, and the magnitude of the vector represents the angle through wNch the veNcle

must rotate about this axis. The quaternion is a compact f orm for representint this single

fixed axis and angle referred to by Euler's Theorem. The advantage of the quaternion lies

in its ability to define the rotational relationship between two coordinate systems using

only four numbers as opposed to the nine elements of a direction cosine matrix. The

principal impediment in using quaternions has been that the direction cosine matrix,

rather than the $laternion, is the desired end product of computation. Iflhen the object of

the cornputation is to obtain the control error it is not necessary to define the direction

cosine matrix. Optimum control, in the least angle sense, is performed by defining the

control error in terms of the single axis and angle of Euler's Theorem. The problem can

be solved completely in terms of quaterniors. The attitude error used in this control

system is caluculated as f ollows:

The conjugate of the navigation qraternion is multiplied by the g,uidane q:aternion

to form the single-ads-rotation quaternion.

such that

corresponding to

0inn-0*u Quuro

Qtn*

(26)

(27)

(28)QSAR -

o

-91*92T+e3T+eOF

(cos (f), R'sin (f))
where: R= Euler axis tnit vector

a= rotation angleabout Euler axis unit vector

and calculating f or R we get
R.' - Qrlsln(?

R, = Q,/sin(f)

R* = eolsin(?)

(2e)

The attitude error vector G) it then found to be

E -eFsin(? (30)

It is this vestor representation of the attitude error that is used by the control law.



C.ontrol Law

A common control logic is used to perlorm the four-types of man6uvers: large

attitude maneuver, axial velocity maneuver, terminal condition maneuver, and attitude
hold mode. The basic eguation of the control law can be derived f or the idealized case of

a large attitude maneuver whose duration is known at the beginning of the maneuver.

Since the duration of the maneuver is known initially, the time remaining at any point in
the maneuver can be easily computed. The control law is designed to compute a angular

velocity command (Fc) each control irstant, such that iJ this velocity is achieved at the

end of the upcoming control cyde interval, and then linearly reduced to zero in the

remaining maneuver time (T69), the attitude error will also be redued to zero.

Consequently, the area under the angular velocity curve in Figure 3 is set equal to
the estimated attitude error (D, ro the attitude error will be zero when the angular

velocity goes to zero.

so that in vector form

Cancelling gives

AREA-H+u. (ar)T

I'* -x^

E = _7r (aT)

.F (TGo -AT) (31)

(32)

(33 )

+y (TGo - Ar)

=[.L-z

Fa-

FG=q-t{

r-
(ar) + i (TGg)

and solving f or Vc yields the equation f or the commanded angular velocity

2E - ATil--
tGo

The eguation for the angular velocity-tebe-gained is

(34)

-

(35)



f, Since the duration of a maneuver is not known in advance, a method to determine

the value of T6,9 is redefined as a varying parameter relat& to but not always equal to

the remaining maneuver time.
For the large attitude maneuver, T69 is initialized to a small value (to account lor

angular velocity coupling) and incremented each control cycle by the control cycle

interval (AT) until the magnitude of the attitude error has been reduced to half its
original magnitude. The remainder of the maneuver is executed with TCO being

decrementedeach control cycle by AT dntil the end of the maneuver.

For the attitude hold mode, Eq. (34) used with a fixed value of T69 will drive both

the attitude error and angular velocity towards zero with the speed of response depending

on the value of T69. However, in the atiltude hold application, the jet firings must be

inhibited when these states are near zero to prevent excessive fuel usage as the vehide

limit cycles. Therefore, if the magnitudes of the attitude error and the angular velocity

are both less than specified deadbands, the angular velocity-to-be-gained command

Eq. (35) is set equal to zero. If the attitude error is large, a small value of T69 is used

wNch makes the gains in Eq. (34) large, and causes the error to be quickly reduced.. If the

attitude error is srnall, a large value of T69 is used, .ausing the angular velocity

command to be small. A small angular velocity is desired so the attitude error will

remain within its deadband for an appreciable time to minimize fuel corsumption.

The terminal condition maneuyer and the adal velocity maneuver also make use of a

linear velocity-to-be-gained vector, Y6.

Ts - T. - (Vlr.lu - F x Fcm-tuu) (36)

where: Vc = linear velocity command vector f rom guidance

-VI1AU = rT€asur€d IMU linear velocity vector

W = estimated angular velocity vector

EC;,,1 - IMU = position vector f rom center of mass to the IMU position

To combine the linear velocity-to-be-gained vector with the angular velocity-to-be-

gained vector effectively reqrires that the magnitude of the linear velocity-to-be-gained

command be limited to a value that can be nulled in one control cyde interval. This is a

result of scaling done by the jet selection routine which would otherwise impair attitude

error control. This will be demonstrated in the next section. In a method analogous to
^tl



o the derivation of Eq.

velocity command is

(34), it can be shown that for terminal condition control the angular

(37)

TNs equation is identical to Eq. (34) with

TeO -2(aT*TCORST)

dv,
l'l z-t'

(38)

f

where: Tcoast = cosst period prior to final nulling burn

For terminal condition control and axial velocity maneuvers, both angular velocity-

to-be-gdined and limited linear velocity-tGbe-gained are nulled by the jet selection

routine.

Jet Selection Logic

Assuming a rigid vehide with constant mass properties, the vehicle equations of

motion may be expressed as

+Fxf,' (3s)

and

'-dF| -67

FI' (40)

where:

T = 3-dimensional torque vector whose elements are the net jet torques about

each of the three body axes

=FI= ldimensional force vector whose elements are the net jet f orces along three

orthogonal inertial references axes

V = ldimensional angular velocity vector whose elements are the



t fl=
F=
'l-

M=

angular velocities about the three body axes

3-dimensional angular momentum vector

IV, where I is the inertial tensor oJ the vehicle

3-dimensional linear velocity vector whose elements are the

linear velocity components along three inertial reference axes

vehicle mass

f=

(Here, it may be noted that the elements of W x H are called "angular velocity couPling

termst').

Second, the effects of angular rotation on the direction of the linear acceleration

resulting from the jet forces can be neglected, so the Eq. (a0) can be rewritten in terms of

the body-axis force vector, F, and body-axis linear velocity, V.

The above equations can be simplified as follows for the particular

achieving an end state of constant attitude and constant linear velocity.

First, the angular velocities comprising V can be assumed to be small

the term V x Fi can be neglected, resulting in

r='f;T

oF= r-,Jt Tat

,dl.l
'dt

problem of

enough that

(41 )

(42)

(NOtg: These approximations are employed only in the autopilot implementation and not

in the vehicle simulation.)

Both Eqs. (41) and (42) can be solved for the angular and linear acceleration vectors

I-I T (43)

(44)

The jet selection routine of the phase space autopilot computes a set of firing times
(tggf) such that the elements of th6 change in F, as obtained by integrating Eq. (43)

dltl 
=dt

dV- I g
dt l,l '

(4s)



o and the elements of the change in V, as obtained by integratint Eq. (4tl)

ov-*Jtt dt
o

of theare equal to the corresponding elements velocity-to-be-gained vector d .

R=

The Vn and Ts terms are from Eq.ob
problem consists of solving

forT3g1, where:

A- =
AIVI

a = I-l Ei xFs (50)

Ai = Fi/M (51)

I-l = inverse inertia matrix

Fi = force vector o1 iTH jet

Ri = position vector of iTH jet

*u,

nn,

l,l^oz

uur.

ta,

tu,

(35) ana (36) respectively. Thus, the jet selection

(l= rnrn r;Er

(46)

(47)

(4e)

(48)

[;: ; . :;]

--..J:

v



a
M = vehicle mass

m = total number of jets

Flexibility in jet selection was req:ired to account for changing vehide mass

properties. The nDot Product Methodr', described in Reference (l), was chosen to solve

Eq. (48). The key feature of this method is the comp:tation of the dot products of the

acceleration vector of each jet with the velocity-to-be-gained vector and the use of tNs
dot product to determine the single jet'firing time which will produce the largest

beneficial change in the velocity-to.be-gained vector. This method is an iterative process

and is summarized below:

The jet acceleration matrix from

equivalent to the lever arm eff ect f rom t

T
^MAM

Calculating normalizing f actors and norm

Ni=

weighting, factor
control point.

Eq. (49) is modified by C1, a

he PBV center of gravity to the
r --]
l 
tttt' cta2 " ' ttur 

l-l_l
[,,ur,...4 J

ali.ze Eq. (52)

(52)

' (s4,)

(s3)
I

l-\*l
r - -..J
I 

c.,uiNi, cl;zNz . . cr.rNrl

AHln= | |

Lr.,n.,, rzNz . . . \nNrn J
Modily the velocity-to-be-gained vector, Eq. (47) by Ct

(ss)

Initialize tggl to zEro, set F=X, and begin iteration.
Calculate the dot products of the modified jet acceleration vectors Eq. (.:+) witn tne

m odif ied vel oci ty-to- be-gai ned ve cto r Eq. ( 55)

r= frl

:r

-

( s6)Di -[NA'lrt n'



o
The iTH jet with the largest positive dot product will provide maximum control

authority. Calculate the time to fire this jet

At - DtNt

Update the total time to fire this jet

t.1ff., - IJET., * At

Calculate the residue velocity-to-be-gained vector

T=T-[,wT.:Er

TJEr = 
oJ** Tr*

where: tftleX = largest jet firing time
AT = control cycle

Iterate until E is sufficiently small and then scale Tfef to less than or equal to one

control cycle.

(57)

( s8)

(5e)

( 60)

(61)

Ve now have time durations for firing the jets. However, the jets do not attain full
thrust instantaneously, nor do they decay instantaneously. Tggf is adjusted for this effect
by the following curve fit:

IJET - Cl * C2 T,:Et * ,, T3r,

If the jets all begin to fire at the start of each control cycle interval, the angular

acceleration produced will not be constant during the full control cycle. This produces a

small source of error since the control laws and estimation routine assume an attitude

change each control cycle that is based on constant angular acceleration. This error has

been eliminated by centering the iet firing times within the control cycle. WithJ



centering, the attitude change produced each control cycle wilt be the same as it would be

with constant angular acceleration.

The dot product jet. selection method provides more versatility than a table lookup

routine and uses less software and memory than Simplex Linear programing methods. The

dot product method can also account for jet failures and changing vehicle mass ProPerties.

However, a problem may develop for a system with a very large number of jets. Many

iterations would be needed to find the best jet combination, possibly causing an

unacceptable burden on the flight comPuter.

Computer Simulation

EASY5 was the computer code chosen for the simulation primary because it is

widely used by Flight Control Technology staff and is supported on comPuter systems

throughout the company. Flow charts of the simulation can be seen in Figures 4-9-

Source code for the Model Generation File can be found in Appendix A. Source code for

the Analvsis File can be found in Appendix B. Source code for miscellaneous subioutines

used in the simulation can be found in Appendix C. The analysis file provided in Appendix

B was used to generate the terminal maneuver simulation results contained in the next

section. There was a liberal use of comment cards and those people having EASY,

experience should have little dilficulty in running the simulation. It should be noted that

source listings have been incorporated directly into the manuscript from the original

source files to assure accuracy in reproduction.

Simulation Resrlts
The performance characteristics of the control laws presented herein were eval-

uated using an EASY5 computer simulation. The vehicle is simulated using a constant

mass, rigid body model. The dimensions of the vehicle, the placement of the reaction

control jets, and the locations of the center of gravityr control point and IMU are shown in

Figure 10. To represent uncertainties in the knowledge of vehicle properties' the values

of the vehidets mass, moments and products of iner.tia, center of gravity, thruster

magnitude and orientation were statistically varied. Vehicle properties and Monte Carlo

Perturbations areshown inFigure ll andFigure 12, respectively. The IMU linear velocity

measurements were assumed to have a normally distributed random noise with a standard

deviation of 0.00167 feet per second. The attitude measurements were assumed to have a

normally distributed random noise with a standard deviation of 0.0167 degrees. The

reaction control jets were modeled as shown in Figure 13. The jets were assumed to flre



to a precision of 300 micro seconds with a minimum firing time of 0.01 seconds. The

computer cycle and control cycle for all runs werc 0.010 and?.150 seconds respectively.

The larFe attitude maneuver results can be seen in Figures 14-20. The initial value

oI T69 was 0.31 second and 20 degrees per second was used for the angular velocity limit.
The final attitude error and angular velocity magnitudes were 0.144 degrees and 0.575

degrees per second, wNch arc well witNn the range bf values controllable by terminal

condition control or attitude hold control.

The terminal condition maneuver results can be seen in Figures 2l-29. The terminal

condition simulation employed the following values of parameters:

l) an attitude error deadband of 0.5 degrees

2) a linear velocity limit of 0.04 feet per second

'3) a linear velocity deadband of 0.03 feet Per second

4). an angular velocity deadband of 0.5 degrees per second

5) a coast sample interval ot 0.75 seconds. 
6) a dot product weighting factor of 1.0

7) a residue deadband of 0.004

These values were found to produce good perlormance for ttris configuration. The final

attitude error, angular velocity and linear velocity magnitudes were 0.334 degrees, 0.129

degrees per second, and 0.0015 leet per second respectively.

The attitude hold mode results can be seen in Figures n46. The attitude hold

simulation employed the following values of parameters:

. l) a value of the attitude error at wilch T69 is switched of 0.8 degrees

2) an attitude error deadband of 0.5 degrees

3) An angular velocity deadband oI 1.0 degrees per second

4) a vah.re of SMALL T6,9 of 1.0

5) a value of LARGE T69 of 10.0

It can be seen from the figures that both attitude and angular velocity magnitudes were

held within the deadbands with a minimurn usate of fuel.

Th.gi@rcsultscanbeseeninFigures37-45.Theaxialvelocity
simulation employed the lollowing values of parameters:

l) an attitu& error deadband of l'0 degrees

2l a linear velocity limit of 0.60 feet per second

3) a dot product weiglrting f actor of 1.0

4) a value of T69 of 0.90

5) a residrrc dead band of 0.004

o



It ear.* be seen from th* figures that ett;tude eonffsl *-as welJ maintain*d and fuei u$a$e

eras rninimal durlrrg ths axial v*lacity rfi&rlellver,

CsleSl:siryffi as*d R. ecsr*rc?et&tiffiffi

Th* sim*jati*:n res*its sh*w thet the c*ntrcll laws p*rf*rn'l the desir*d e*ntr*l ta$ks

!n th* pre$erree *f uneerteinties ancf dis?urbance$. ?h* t*rmi*ai err*rs pr*d*ced by th*

iarg* attitud*. rnaneuver srere sh*wn to b* wi*iin th* initiml srr*r eepebillties *f th*

terminal sondit;on contr*i law and the attitr-lde hctd e*ntrol na,*'" ?h* attitr:de hcid and

axlal velpcify esntr*l iaws were shown ts k fuei efficisnt" Th* *ot Fr*d*et 3et

Selectiorr methcd was found tc be pcrver{ul and ec,ffipr.ltatlonatrly ef€i*ient" The phase

$pace techniqu*, whish *ocrdinates e*ntr*J {*r al! six degr*es sf frsedcrfi, was {aund ta

rapldty csnverg* *n an end state cf constaxt esrfiffianded attitude and csnstant fsrn*

manded linear veleeity" React!*r'r e*ntr*l $ysteffi perfermance ce"n b* readily assess*d hy

making rninar panarneter changes and p*rforming fr'{snte eari* styie analysis. In

conclusi*n, a gen*ralired six degrees *f freedam FSV simuiation has been devei+ped'

verifled and is availablc fcr distribution"

!t is ree*rnrnended that th* Sradicnt 3et Seleet!*n rnethod b* inc*np*r*ted int* the

simulatlon t* f*rtir*r red*ce csmp*ter r*ernsry requirernents" lt is ais* re*cmr:rended

that a Kalman Rat* Est;"rnatsr be str-:di*d to det*rrxine if terminal e*ndition ecntro{

perforrnanee ean be improved, 5t ean nat be ov*r emphasized that this str*dy is a mr.rlti-

yeer task req'uiring updates as t}re technclogies mature if we are to rernain in a

comp€titive pO$tiire.

Frepared By-

**rstc{"" u.
Flight eclntro! TechnaS*gy? ?*3634
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r r I + r* **r** ** * * *t ** ** t* *t ** *****x r ** ** ***f +**
r'* PBV 6-DOF EAST6 ITODEL GEITEBATIO}I FILE ***
+** DESIGIiED BY: B. G. B0BST 3-3-84 ***
** r:*** ***** *t** ** ** ** ** rf * ** ***:l ** **:t**** ** ***
TODEL DESCB,IPTIO}I P8Y 6-DOF CO}ITBOL PEBFOBUA}TCE SODEL

******+*****************
*** VEEICLE DTITAXICS ***
************* rl**********
L0CAII0N=66 Pl{ IIiPUTS=VA (LA=LA, L0=L0, TI=TI, DA=DA) .
F0BT (F=F,llASSY=[A)
L0CATI0N=22 VA IIIPIIIS=FOBT(T=T,I[ERV=I]|)
LOCATIO}T=68 PO IilPUTS=PI{ (B=8, BD=BD) , VA(A=A, TI=TT, DA=DA}
L0CATI0I{=44 FOTB If,PUTS=Q VA
ADD VABIAELES IDE(3,3),ITBDC(3,3),BTTDC(3,3)
FOBTRA}I STATEUETITS
C BUILD BODY TO IFEBIIAL TBA}TSFOESATIOI }IATBIX

l\Dg.l=l tl
CALI DCFgUAT(g VA, ITBDC)

C EUiLD ItrEBTIAI. TO BODT TBAIISFOE}IATIOII SATEIX
lrTBDtf.,{l=lITBDCl
I BT]'D C | = I TTBDva |' I I I}_W

L0CATI0I{=84 FOFT II{PUTS=I?BDC, BTIDC, TEETA:(V, TEETAYV, TEETAZV, CGV
ADD PASAUETEES XT(12),TT(12),ZT CT?), JCIIP,YIXP,Z!W,BPD,
TUPFLAC,UUI{JET
rDD VABIA3LES TB(3),FI(3),EJETV(3),gI(3),F8Mp(3),Frlttp(3),Brtfp(3),rrrp(3), F(3), T(3)
ADD TABLE8 FXIXP,2O,1, FTIllP,2O,t,FZIIP,2O, t
FOBTBAT{ STATEUE}TTs

lF/=/ol
TJET=NUTJET
lTl=lol

C FOBCES Itr BODT COOBDINATES
D0 100 I=I,UJET
FB (1) =TEB (T) *COS (TEETfiff(I) *BPD)
FB (2) =TEB (I)*c0s (TEETAW(I) *BPD)
FB (3) =TEB (I) *c0S (TEETAZY(I) *BPD)

C FOBCEg IU ITSETT.IL COOB,DTilATES
lFtt=lBTIJc/* lFB/

C C.ILCT'LATE JEl POSITIOil VECTOB
BJETV (1 ) =XI (I) -ccv ( t )
BJETV(2) =YI (I) -ccv(2)
EJETV (3) =ZT (I) -ccv (3)

c crLsnLArE T0BglrEs
l\I l=lRJETV lxlFBlc CALCIILATE FoRCES AnD ToEgnES ABoUT VEEICLE Cc DrIE T0 JET FTRTNGS
F(1)=F(1)+FI(1){.

'';
--!T

v



I
F Q)=F (2) +7I(2)
F (3) =F (3) +FI (3)
T(1)=r(1)+rT(1)
r(2) =T(2) +rT(2)

1o0 T(3)=T(3)+rT(3)
IF(ITPFLAG .Eq. 1.o)TEEH
CALCI,'LATE IUPI'LsE DISTUBBANCE
CALL FU(FXIXT,FBIuP (T), TIE, 1. O)
CALL FU(FTrlrP rFBilIP (2) , TIIIE, 1 . O)
CALL FU(FZIUT,FBTUP (3), TII{8, 1. O)
lFrIIPl =lBT]'Dcl *lFBLYP I
BIIP (1) =XIXP-ccv(1)
BIIP (2) =YIIP-CGV(2)
BIUr (3) =ZilIP-cGV(3)
III\P l= IBIIP|x/FBtw /
C.AICI'LATE TOTAT FOBCES TI{D TOBqUES ABOUT VEETCLE CC
F (1) =F (1) +FIIIP (1)
F(2)=F(2) +FrrrP (2)
r (3) =F (3) +FIII{P (3)
T(1)=T(1)+rrXP(1)
T(2)=T(2) +I{IIP(2)
T (3) =T (3) +XrtrP (3)
EI{D IF

******************************* *********** :F*******
*** STATISTICAL VIBIATITIII OF SYSTEI PABAXETEBS ***
*********t;**************************** ****** ******

L0CATf0il=2L6 F08V
ADD PAXIIIETEBS CO$CI:I.,IIASSPV, 8DCG, TEBPY. INEEPV, SDAI{G,8DAII, gDVg,
TEETA:(A ( 1 2), TEETATA ( 1 2), TEETAZA (12), TEBITAGA ( 1 2), CO TCTL, s.AFLAG,
uAssA, rNEBA(3,3) , CCA(3)
rDD ViBIAELES IIASSV, IUESV(3, 3) , CGV(3) , TEBITI (I2) ,TEBTAGV (12) ,
TEETAX'/(T2) , TEETAT-V(12) , TEETAZV CIz) ,PTPPY(12) , gP1 (4) , gPz (4) ,
v11orsE(3),tlrgrsE(3),rv(3),Bl|y(3),IJV(3),PV(3),qrB]I(4),qC]I(4),q&(4),
SEED (88), PASFACT(12), PASTJET (T2)
ADD TABLES IEBT ,2O,!
FOBTBIX STATEIE}ITs
C EXECUTE FIBST PASS TEBU EgTO OISLY

IF (INCALL . EQ. 2. O) TEEI
C If,TTTALIZE OUTPIII VII'IAELES'

ITASST=I&ASSA
lccvl=lccu
/r[ERV/=/INEBA/
/rgEr$cv | =ITEET tx.M

. /TEETAWI=ITEETt.YA/
/TEETAZV l=lTflETr,ZU
/ ?EBIIAGY/ = I T3,&YAG Al



r:
EI{D IF
IF(SATLAG .Eg. o.O)Go To 190
IF(IX6T .Eg. 2s .AnD. FSoFLAG .Eq. 0.0)IEEtf
EXECUTE FIBST PASS TSBU ESTO OF FIBST 8II[1'LATIOI{ ANALYSIS ONLT
FSOFLAG=1.0
GEI{EBATE I}IITIAL BA}IDOI SEED VALI'E8
SEED(r)=Z.O
DO 110 1=2,88
sEED (I) =8EED (I-1)

1to CALL BHG(DIIlg, SEFD(r) ,1000. , 100000.)
EID IT
EXECUTE FIBST PASS TSBU EqIO EACE SII{ULATIOI{ AIIALYSIS
rF(Ilr8T .Eq. 2A .ArD. rlfCALL .Eg. 1.0)TEElr
CALCULATE TASS OF VEEICLE
CALL BIG(FACT,SEED(1),IASSPV, 1 . O)
IF(FACT .LT. O.O)FACT=O.O
LASBV=FACT*IIASSA
CALCULATE VEETCLE CC
D0 120 I=1.3

120 CALL Blic(CcV(r),8EED(r+r),SDCG,CCA(I))
CALCI'LATE YEEICLE II{EBT]A TEI{SOB
TASS IOUEHTS OF II{EBTIA
D0 130 I=1,3
CALL BHG (FACT, SEED (I+4) , INE8,PV, 1 " O)
IF(FACT .LT. O.O)FACT=O.O

130 INEBV(I. I) =FACT*IIIEBA(I, I)
SASS PE,ODUCT8 OT T$EBTTA
D0 140 T=L,Z
CALL BITG (FACT, SEED (I+7) , I}TEBPV, 1 . O)
IF(FACT .LT. o.o)FACT=o.O
ITEBY(1. I+1)=FACT*If,EBA (1, I+ 1)

140 II[EBV(I+1 , 1)=IilEEV(1, I+1)
CALL Et{G (FACT, SEED (10) , rtrEBPV, 1 . O)
Ir(FAcT .LT. O.o)FACT=O.o
IIIEBY (2 , 3) =FACT*IIIEBA (2 , 3)
I[EBV(3, 2) =IIIEBY(Z, 3)
K=22
D0 180 I=1,12
CILCI'LATE STEADY STATE TIEAT{ TEBUSTEB LEVELS
PASTJET(I)=TJET(I) {

c.[LL BIIG(FACT, SEED (I+10) , TEBPV,l .0)
IF(FACT .LT. o.o)FACT=o.o

. TEBIT (I ) =FACT*TEBLAGA (f )
CTLCULATE TSBUSTEB OBIEIITATIOil A}ICLEs
Iv ( t) =C0S (TEETA:G (I) *BpD)
IY(2) =C0S (TEETAYA (I) *BPD)
Iv(3) =C0S (TEETAZA(I) *BpD)
D0 160 J=1,3
K=K+t

1E0 CALL BIIC(BW(r),sEED(K) . 1.O, O. O)
CALL BlIc(TgL, SEED q1+68), gDA}{c, O. O)
ABG=SeBI (RIIV ( 1) **l+l[flf (2) **2 +EIIV 13) **2)
w(t)=BIIV(1) | ,a'e
ItY(z)=EIIV(2) | t*e
IIV(3)=BIIV(3) / tB'o
lPYl=lIYlUwl

c

c
?r

J



I
ABG=8 QBT (PV (1 ) * *2+pY (2) **Z+PY (3) ** 2)
Pv(1) =PY(1) /ABG
Pv(2)=PV(2) / Iac
Pv (3) =PY(3) /ABG
ABG=SIf, (fOL*BPD /2 .O)
QTBX(1) =c08 (tOl*nPP /2 .o)
lrBu(2) =A3G*PY(1)
QTBI{(3) =AEG*PV(2)
QTBX(4) =ABG*PY(3)
c.iLL QCoxJ(qTBtI, qcil)
gA(1)=o.0
1A(2)=Iv(1)
gA(3) =IV(2)
eA (4) =IY(3)
CALL qPBOD (gCI{, qA, qP1)
CAIL gPECID (9P1, gTBIT, gPz)
TEETA)ff(I)=AC08 (eP2 (2) ) /sPD
TEETAW(I)=ACoS (QPz (3) ) /nPo

160 TEETAZY(I)=AC08 (qP2 (4)) /nro
E}ID IF
EXECUTE EYEBT FIBING CTCLE
IF (JETCOII .Eg. 1 . O) TEEII
JETCBIIl=0
D0 77O l=1,72
DETEEIIIIE PT'LSE TO PI'LSE PEBCEIIT VABIATIOI{
CALL FU(IBBT, PTPPV(I), TJET(I), 1. O)
CALCI'LATE JET TEEUET LEVELS
ctrl Btic(FACT,SEED(r+zo), PTPPY(r), 1 . O)
IF (I[crLL . EQ. 1 . o) PASFACT (I) =FACT
ABG=PASTJET (I) -c0ilCYL
rF (TBS (ABG) . LT . JETC.II,L) FACT=PASTACT (I)
PASFICT(I)=FACT
PAsTJET (I)=TJET(I)
IF(FACI .LT. o.O)FACT=o.o

170 TEBITAGY (I) =FACT*TEBIII{ (I)
EUD IF
EXECUTE EYEBY CgIPUTEB CYCLE
IF (TIIIE,-ICOIPAS*COUCY'L .LT. O. O .AIID. II{ST
D0 180 I=1,3
CALCI'LATE YELOCITY UEAST'B,EITEIIT UOTSE
CALL Btlc(Vil0lsE(I), sgED (I+82), sDvf,o. o)
CALCI'LATE ATTITI'DE I{EASITBEUEIT IIOISE

180 CTLL Ef,G(ANOISE(I),SEED(I+8E), sDAI,O.O)
EtrD IF

190 Cot{TIt{nE

c

c

.Eg. 26)TEEN

c

c

r,
-!.{.

^-f
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**r ATTITIIDE .e]fD YELOCITY COt{ltAI{DS 'r***rla*r:*ttrt** *rr ** t***:;r,l:l *rl****** *** ****
L0CATI0ll=165 F0CI IIPUTS=BDZPI,ITBDC,BTIDC
ADD PABAIETER8 CEA(3),CYC(3)
ADD Yr3rA3LE8 gCUrD(4),Vcolr(3)
FOBTBA}T STATEUE}TT8

IF(IIICALI . GE. 1.0) TEET
C CALCULATE CUIDANCE qUATEBITIO}T

caLL gUATFEA(CEA, gcUID)
C CALCULATE IITTIAL. IIIEBTIAL VELOCITT COUIIAITD

I Y T\l / = | TTBDC | * | RDZPY I
lYCaYBl=lYfiill+ /cvcl
I Y COYI | = t BT rDC / * | V CO'{B I
E}ID IF

C CALCI'LATE CT'BBEf,T EODT $(TS VELOCITY COI{I{AIID
I Y CoY/ = I ITBD3 | * lVc0II /

* :; *'l ** ** * *:f ** rf * ** * * * * ** ** * * *'l rt* ** * :F* ** * * *,i * * ** *
*'T* qUATEBI{IOil SITCLE AXIS BI,TATIOI BOUETilE ***
************************************ ********:t**
L0CAII0[=163 F0qB IIPIII8=EA VA,gcUID.A]IOISE
ADD VtEr.tBLEs grAva(4),QttAylt(4),'EI,L$CE(3),IEBB(3),.tegEB(3), .

EATIT(3) , ALPEA
FSBTB$I STATEIETTS
C EXECUTE EVEBY COIPUTEB F'BAI{E CTCLE

IF(rrrE-IC0rPAg*c0ltcTL .LT. o.o .AUD. IIIST .Eq. 26)CO T0 200c c.tLcuLATE ACTUTL ITAVrcATron qUArEBt{Io[
CILL qUATFEA(8.,i, YA, IIT{AVA)C ADD TOISE TO EI'LEB .IITGLES
ilrr(1) =8.0, TA (1 ) +All0IsE (1)
EArII(2) =EA VA (2) +.tiloISE (2)
EAW(3) =EA TA(s) +A}rOtSE (3)

C CALCIILATE I{E"AsI'BED ITAYIGATIOTI QUATEBUIOI{
CALL qUATFET(E.ATil, qilAYI{)

C .CALCI'LATE ACTUAL ATTTTUDE COTTEOL EBBOBS
CALL CEFQUAT ( QIIAVA, RGIIID , ALPEA , EUL.A:(E , ATEBB)C CAI.CULATE ESTIUATED ATTTTT'DE COI{TBOL EBBOBS
cAtL cEFguAT (gNAVI{, gcltrD, ALPEA, EI,LA)CE, .rEB8)

2OO COTITITUE

.-lt

--



U

**r;* **** t::*rtr;t* ** ** **** **t|* ** ** ** *t|* ** t
j*** IIEBTIAL IEASIIBEIIEIIT ItlfIT II0DEL ***
*+rl*rf :t********ttt*f tf ****t3':,f tf **tf :3***:;tf *t3*
LOCATIOTT=!72 FOII INPUTS=T VA, BD2PIT, VIIOIEE, AEBB,ITBDC
ADD PABATETEBS XIIIU, TIITU, ZTyJg,)CBVCG. }?YCG, ZBVCC.
tDD VABTABLES rrrutat , vi:cs (g) , rrtsAEBB (3) . vRv(3) , AI{GETE(3) , Arv(3) ,

Bntw(3) , BBW(3)
FOBTEAIT ETATSUSXTS
C 8AIPLE EVEET COI{PUTEB FBATE CYCLE

IF(TIIIE-IC0I{PAS*C0IISYL .LT. O.O .AIID. Il{S1 .Eg. 26)G0 Te 300
IF(II{CALL .GE. 1.0)TEEN
/PASAEBB l=/ I.s,eBl

C CALCULATE ACTUAL IIU POSITIO}T VECTOB
BIIIIV(t)=xlru-cGv(1)
BIIIIIV(2) =YIIU-CGv(2)
BIIW (3)=ZIlu-cGv(3)

C CAICI'LATE ACTUAL CO}ITBSL POIITT POSITION VECTOB

BBw(1) =XBVCG-CGV(1)
BBYV(2) =YBVCG-Ccv(2)
8Bw(3) =ZBVCG-CGV(3)
ElrD IF

C CALCI'LATE 8PECIFIC VELOCITY (TOTAL VEL.-GBAV. TEBI) AT IIEEICL_E
C I|OTE: GMYITY TEBI{ EAS BEE}I BEI0VED FE0t{ STAIDABD c0EPO]rEi{T VA

I Y cGS | = | ITBD9 | * I eDz?Yl
ArrcBTE(1)=r vA(1)*BpD
atrGBTE(2) =r YA(3) *BPD
p{GBTE(3) =r VA(g) *BpD
/ OCBIXUV/=/ AilGB TE IXI ETWN I
/ o CBBW/=/AIIGBTE I xl Eevr I

C CAI.CI'LATE ACTUAL VELOCITT AT COf,TBOL POI}IT
lYeYl=lYCCsl + lgaeBw/

C CALCI'IATE VELOCITY XEASUBED BT IIIU
lvt$tt | = | YCGS | + I OCBI ltUV/

C TDD BAITDOX trOIsE TO IE.AST'BED ITU YELOCITT
vlrU( 1) =ylru ( 1) +yx0 ISE ( 1)
Tllru(2) =YIt{u ( 2) +Yt{o ISE ( 2)
yIrU (s) =yilrU (S) +Y}{0 ISE (B)

C EXECUTE EYEBY CO}ITBOL FBAIIE
3oo rr(rrre-fc0nPAs*c0ucrl 'LT' o'o ''tflD' It{sT 'Eg' 26)G0 T0 400

C CTLCULATE ATTTTI'DE IIICBETE}IT VECTOB AS PBOVIDED BT ITU
I ,.tYl=lPAsAEBE/- | ,'&Bsl
/PAS.TIEBB l=l t+nB,B.l

400 coilTrl{IlE

rl* * rl** * * * **** * * ** tt * * * * * ** * * * * * * * * * * * ** ** :3 tt ** * * * tr * tf tf *'f * * *



^,&

-

*** P0ST B09ST VEHICLE UI{IFIED PEASE SPACE AUT0PIL0T ***
rl r:* ******i ** t***** *:f ** r:r: **:l*** **t| *:f ********,f ***rlr*t *t **
L0caTroli=135 FoA TNPUTS=I vA, AEEB, vcor, vrltu, Arv, ALPEA, vBv, vccs
ADD PAEAIIETEBS JETCT-L, TCOAST, T.I,U,BLII,I{IB(12) ,
ADB. TG-o1, TGODB, \TDB, BDB. VLIT, LABGE, SILALL, DOTITAX, BCSFLAG, JSCATI, NESDB,
cF1 (12) ,CF2(t2), CF3 (12)
A"DD VABIABLES BEST (3), RES(6), POTEGA(6),BIUUA(3),BBVA(3),
suu(q), BcArN(3) 

-, 
VEBB (3), OlrEGA(6), rlIERr (9, g) . nwgnn (g), riJiT c72),

TJEI (12), Bc0lt (3), vc lrlf(3), rrlt (3), Accr(6, 12), ur Cs), rrii (Lz),iccil (6, 1 2),
no{(12) , FTlr(lz) ,FZv(12) , lD(I (72)-,ru(12) ,yilu,(tz), br (rz) , r.liiss ci) 

"-
Ar1 (3)- , Ar2 (3) , Acq (9 , 12) , TJcoFF (Lz) ,coEFF (s) ,porsrep, nlErA(g) , liiibi ( 12) ,
TJCoH (t2) ,CCVEBE (3) , BCSI{oDE, Tco, DplIAx
FOBTBAIT STATEITEITTS
C ******************************
C *** TNITITJ.TZI'TIOX BOUTIilE ***
C **:t***************************

rF(INCALL.Eq. O.O)C0 T0 1O1O
IF(INST .EQ. 81)BCSUODE=BCSFLAG
IC0XPAS=O
fC0}{PAS=0
JETC0Il=O
JETC012=O
TEBI{FLG=O. O
TJETTOT=O . O

lTJcoFF l=lo/
lPswcLl=/al
IIEF-L1=l IIIEBA/
IPEESTI=lr vA/

C CALCITLATE IITVEBSE IIIEBTIA TEIISOB
/r[EB I/ = I LNEE / - t / IDYI

C CTLCI'LATE ESTIITATED IIIU POSITIOil YECTOB
BII{UA (1 ) =XII{U-CGA ( 1)
BIUUA(2) =TIIU-CGA (2)
BIrUA(3) =ZrIU-CGA (3)

C CALCI'LATE ESTTII,TED CONTEOL POIITT POSITIOI{ YECTOE
BBVA(1) =XBYCG-CCA(1)
BBVA(2) =TBVCG-CGA(2)
BBvA(3) =ZBYCG-CGA(3)
D0 1000 I=1,!{.JETC CALCI'L.ITE ITITTltIil JET FIBING TITE
TIJET (f )=xIB (I) /TEBI{LGA(I)C CAICI'LATE ESTTI{ATED JET POSITIOIT VECTOB
BJETA(1) =XT (r) -ccA(1)
BJETA (2 ) =TT (I) -ccA (2)
BJETI(3) =ZT (r) -ccA (3)
In (1) =TEBI.0,GA(r) *C08 (TEET$(A(r) *BpD)
UI (2) =TEBI{AGA (I) *COS (TEETAYA (I) *B,PD)
III (3) =TEBIIAGA(r) *c0s (TEETAZA (I) *BpD)
Fxu(I)=W(1)
FII(I)=uI (2)
Fzr(I)=UI (3)
fiTA=lsJErUxlvTl
In(r)=[tu(1)
ITI(r) =IT\CDIZI(T)=ITT(3)
I LIT/=ltxF,,,U*nTA

-
-



fc
erz (r)=UI (1) /!rA6sA
L],2i.o)=III (2) /urssr
AI2 (3) =III (3) /regse
BUILD JET ACCELEBATIOII I{ATBIX
Acc (1 , I)=AI1 (1) /BPD
AcC (2 , I)=AI1 (2) /BPD
Acc (3 , I) =AI1 (3) /BPD
Acc (4 . I) =AI2 (1)
ACC (5 ,l)=ttl,2(2)
AcC (s , I) =AI2 (3)
roDiFt-JET AicitLEBATIolr IATBIX BT TEIcETIIIG FAcToB
ACCI(1, I) =JSGAIII*AII (t)
ACCI ( Z, l) =tSCf,If*AI 1 =(2)
ACCII (3, I) =JSGAIII*AI 1 (3)
ACCII(4, r) =ACC (4, r)
ACCI(5, I)=ACC(E,I)
ACCI(6, I)=ACC (6, I)
ir (nisirope . Eq. 4 . 0) Accl{(4, r) =o . o
rF (BCST0DE . Eg. 5 . o) TEEI{
ACCII(4, I) =O ,0
AccI(E, I) =o .0
Acclt (6, I) =o . o
END IF

C CALCI'LATE IIOBUALIZIXC FACTOBS
t{FA&?ii=sini Cicci(t 'r) **z+Acc{(2, r) **2+Ac-clt(3, r) **2+

lAcciii; !1 liz+icclt (5, i) **z+Acclt (6, 11 * *2)
C TOBIL{LIZE ACCELEBATIOII UATBIX

ACCI(1, I) =ACCI( 1. I) /ttFACT (I)
. i ACCI{ (Z-,t)=ACCr!?. r) /HTACT (r)
^r3 eccris, r) =ACCu(3, r) /lIFAcT (r)
f Acctt4: r) =ACCu(4, r) /HFAcr (r)
- eccx(s,rl=Accr(r,r)/uFAcr(r)

1OOO ACCi(E; I) =ACCT(8, I) /NFACT (I)
C CALg{rLiTE COEFFICIEUTS TOB ILACLESS FILTEBI

IC0A8T=TC0AST/C0ICTL+ 1

' C0EFF(t)=t.o/(rru+c0UCYL) , -
cogii iii = (r.tuicorcn / 2 . o) | (tlu+cotcrl)
C0EFF (3) =TAU/ 6.1tr9+C0trctl.)

c cAtcItLATE coEFFrcrEiTs FbB .LEAsr sQUAB€sr 8'01. vEL. EsrruATOB
coEiF (ei=_tz .o/ ( (rco*sr**s_rcs4s1) *c0ucIL)
coEii i ii = t: ii: o; ( ic-ilsr*i ) I z . o>/ t ( rcorsr**3- rc01g1) * c0 ltcYl)

C ITITIALIZE IIA}IEI'VEB PABAITETEBS
c ecsioos=s. o IIrDIcATES LABcE ATTITUDE IlltItEvEB
c BCSIIODE=4.O IilDTCATES AXIIL VELoCITY IAIIITEVEB
cBCSltODE=s.oIrDIcATEsTEEf,I}IALIAI{I'EVEB
c acsltoDE=z. o rlrDrcarEs coAsr pEBroD 0F TEBltrltAL TAIIIIEVEB

cBCSlt0DE=I.oIIIDICATESATTITI'DEEoLDUoDE
c ncsuoos=o.o rnprcATES UAttItEVEB EAS BEEtr COUPLETED

P1=8,LII
P2=TIDB
P3=YLII
P4=BESDB
lrvtlfl--lol
rF(BCSII0DE .EQ. E-O)T8EX

f: P2=0. o:E P3=0.O



TGO=TGO 1
AEBBLTIC=ALPEA
EAEBB=O.5*AEBBIAG
E}TD IF
tF (BCSL0DE . Eq. 4 .O) TsEl|
TG0=O.90
EHD IF
rF (BCSrroDE . EQ. 3 . o) TEEtr
P2=0.0
TG0=2 . O* ( C0llClll.+TCOAST)
EHD IF
rF(BCSUODE .Eq. 1.0)TEEf,
P3=0.0
E![D IF

C EXECUTE EVEBY COT{PUTEB FBAI{8 CYCLE
1O1O IF(TII{E-IC0TPAS*C0I|CTL .LT. 0.0 .AilD. rti8T .EQ. 26)c0 Ts Tooo

IF (ItlST . Eq . 26) f C0UprtS=f C0IPAS+1
AEBBIIAG=ALPEA
IF (BCSI{0DE . l{E. 2 . 0)G0 T0 zoto

c ******************rt**rt***********************,f ***
C *** COAST A}IGI'LT3 VELOCITY ESTIIATIOil B0UTII{E ***
c ***********'t******:t******************************

2OOO ICOTIITT=ICOUNT+1
sutr(1)=sul{(1) - (C8EFF (4) *rc0ul{T+coEFF 65) ) *AEBB (1)
SUr(2)=sutr(z) - (C0EFF(a) *1gsnt{T+coEFF 65) } *eeai (ti
sur(3)=sux(3) - (coErr(4) *rcouHI+coErF 65) ) *AEBBt3i
I C O IIP A8 = T UEl C O HCY-T. + 1
rF (ICOUtrT . CE. ICOAST) TEEI{

C CALCULATE AilGI'L,{8 VELOCITY ESTII{ATE
/assTl=lsWl
B,t[ac=sgBT (BEsT (1) **2+BEST (2) **z+BEST 631**2)
GII T0 3100
ELgE
c0 T0 7000
E}ID TF

C E:TECUTE EYEET COIT?BOL FBAIE
2010 rF(TIIIE-IC0ilPrS*C0tfCtL .LT. 0.o .$ID.

IF (Il{8T . Eq. 26) IC0}IPAS=IC0[PA8+1.0
C ***:t************************r313*
C *** BATE ESTIIATIOf, BOUTIIIE ***
c *******+***********************
3000 c0lrTll{uE

rF (BCSr{oDE . Eg. O . O) TEErr
/roreaA/=/o/
EIID IF

C CTLCI'LATE ASGIILAE VELOCTTY ESTTTI'TE
BEsr(1) =coerF (1) *Arv(11 *qgEIF(z) *rouecA(1) +CoEFF (g)*rnesr (1)
BEsr(z) =c0erF (1) *Arv(21 +coEFF(2) *pouEGA(it +cosii aai.FBEsi itiBEsr(s) =csEFr (1)*ArY(3) +C0EFF(2) *pouEcA(si *cotFi is) *FiEsi aii
BTIAG=SQBT(BEST(t) **Z+AEST (Z) **2+BEST 69I i*e)

s1o0 il{cBTE(1) =BEST (1) *BpD
ANGBTE (2) =REST (2) *BpD
AlrcBTE (s) =BES T (3) *BpD
I?REST/=IEEBT I
|ocelrJuV =/AilGBTE |XlB,IYt A|
CAI.CUL.I'TE ESTIIATED YELOCTTY EBEOB AT VEBICLE CC

rlrsT . Eg. 2E) co T0 70oo

C,C

-t

-



c

O, .

YEBB ( 1) =VC0x(1) - (vrru (l)-0caryue(r) )
VEBB (2) =VCoI (2) - (wl{u(2) -ocBII{UA(2) )
YEBB (3) =YColI (3) - (VIIU (3) -ocBIIUA (3) )
CALCI'LATE ACTUAL VELOCITT EBBOB AT VEEICLE CG
T
CALCT'LATE ACTUAL VELOCITY EBBOB AT COTTBOL POI}IT
/EVYEBB/=/YCaU -/Y3vl
VEBBIAG=8gBT (VERB (1) **Z+yEBB (2) *'r2+VEBB (3) **2)

C TEBTINATE SIITI'LATIOI AT COITPLETIOil OF IAITEUVEB
rF(BCSIIoDE .Eg. O.0 .At{D. rtrsT .Eg. 26)TEEH
TEBIFLG=1 . O

G0 T0 7000
EUD IF

C r3***************:f ***************
C *** CoIITBoL DECISIoI{ BoUTII{E ***
C ******************:t********:t**,t*
C LABGE ATTITI'DE IA}{UEVEE
4000 rF (Bcsl{0DE . Eq. 6 . o) TEEN

IF(AEBBIIAC.LT. EAEBB)GO TO 4O1O
TG0=TG0+C0}{CY-L
c0 T0 4020

4O1O TGO=TGO-CO![CTL
4020 IF(TG0 .CE. Co}{CYL)G0 T0 5000

BCSII0DE=O.O
c0 T0 7000
EI{D IF
I.]ffi.AL VELOCITY UAIIUE1rEB
rF (ECSIODE . EQ. 4 . O) TEEII
rF (rBs (VEBB (1) ) . GT . VLil{) c0 T0 6000
ECEI(0DE=0. O

G0 T0 5000
ETD IF
TEBITIITAL I{AI{I'EVEB
IF(ECSIODE .EN. 3.O)IEEil
IF(AEBBITG .CE. ADB)CO TO EOOO
IF(YEBETIG .GE. YD8)CO TO 5OOO
IF(BTAC .GE. BDB)GO TO 6000
rF($fsT .rE. 26)CO T0 7000
BCSXODE=2. O

lsul{,l=/o/
IC0UliT=O
G0 T0 2000
Ef,D IF
COAST I{ODE
IF(BCSIIODE .EQ. 2.O) TEEI{
P1=0. 0
P4=O.0
lTtf'],li.l=lTl{JET./
BCSI{0DE=O.0
H{D TF
ATTITI'DE EOLD ITODE
rF(BCSXoDE .Eq. 1.O)TEEL
TG0=EllALL
IF(TEBBIAG .LT. TGODB)TGO=LABGE

c

I

- 

A

c

c

c
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c
*'*VEL0CrTY-T0-BE-GAIIIEDcALcuL^TIoNBouTIl{E***
*:t*** **t:* *t:** **** 't*tt*** ****r t:* t* *t ***:t ** *tr tr* tF**:t*

5000 c0l{TIilUEI lVCttI,lU=l VEBB/
c Lrrrr LrreAB vEL0crrr-T0-BE-GArltED

D0 6010 I=1,3
5o1o IF (ABs (YcAIt{(I) ) ' GT ' P3) YGAIX(I)-=P3*vGAItt (I) /ABs (vGAIlt (I) )

C CALCULATE AI{GI'LIB.VELOCITY COI'I|I'ilD.' Ba'oi(tl:izloiesnn(r)-coxcYL*B'EBr(1))/rco
;aorati =Ci. o*esin (zl -cottcrl*BEsr (2)) l.rgq
;aorigi = ii . o*esBn (a) -coxcYl*8,Esr (3) ) /rco

c Lrrrrruc AlrD pBttpoBTrotIAL scAt,rlrc oF'rNctuB vEL0crrY cc::rltllD

BCLABGE=0. O
D0 Eozo I=1,3

5O2O rF(.ABScacoutil) -cI - ECLARGE)BCLABGE=ABS (Bcol{(r))
IF(BCLABGE . GT. P1) TEE}I
D0 6030 I=1,3

5030 BCOI{(r) =P1*B,C0l{ (r) /ncl.r'ace
EilD IF
/acell{./ =/ RC 0 Y / - | RE9T I
iFtaueb .r.i. irob .ANb. IEBBIAG,LT. Pz)TEElr
,rn^ts1=l o/
EI{D IF
guiUO VELOCITT-TO-BE-GAII{ED VECTOB

OUECA(1)=BGAIN(1)
ouEcA(2)=BGAril (2)
oIEGA(3) =nGAIlt(3)
oIEGA(4) =VGAIil(1)
0UEGA(5) =VGAIII(2)

. 0IEGA (6) =YGAII{ (3)
** * * * * ** * ** ** * !* * * ** * * * * * * * * * ** * * ** * * * t| * * *

*** DOT PBODUCT JET SELECTION BOIITINE ***
******************************tf *** ***t****

SOOO D0TSTEP=O.O
TI=0. O

ITJET l=lol
c IoDIFY VeLocrrV-T0-BE-cAIltED VEcToB BT TEIGETING FAcToB

[Es i 1 j = JSGAIil*BPD*orEcA (1 )
BEs ati = JSG.I,Iil*BPD* 0trEcA (2 )
BEs a3i =JS GAII{*BPD*0I{EGA (3)

c
c
c

a.

J

BES (4)=0ISGA(4)
EES (5)=01{EGA(E)
BES (6)=0UEGA(6)

C FIBE T:GTL JET8 IF TEIS
rF(BCSXBDE .t{E- 4.O)Go

C FIBE. JET }TI'UBEE,g 1. AilD
IF(BEs(4) .LT. O.O)TEEf,
TJET(1)=C0ltcYl.
TJET (2) =C0!{CIL
ELSE

C FIBE JET }TI'UBEBS 6,6,7 ,
TJET (5) =C0NCYL
TJET(6) =COICYL
TJEX (7) =COf,CYL
TJET(8)=C0!{CIL
EITD IF

IS .fil{ AXIAL U.AI{IIEVEB
T0 6010
i-roa lIEcATrvE vEt.ocrrY cArll

AilD 8 FOB POSITIVE VELOCITT GATII



-:. ...:
G0 T0 6050

C TOP OF ITEBATIOI{ LOOP
6010 DOTSTEP=DOTSTEP+I . O

,C CALCULATE BEgIDI'E IAGTTITUDE
BESIIAG=SSBT (BES (t) **2+BES (2) **2+BEs (3) **2+

1BE8 (4) **2+BE8 (5) **2+BE8 (6) **2)
EXIT ITEBITIOtr LOOP IF BE8IDUE IIAGI{ITUDE TS
IF(BESIAC .LT. P4)GO TO OOTO
EKIT BOTTTIIIE IF TII'XBEB gF ITERATIOIIS EXCEEDS
IF(DOTsTEP .GT. DOTUADGO TO 6070
CALCI'LATE DOT PBODUCTS OF ETCE JET
lDPl=/ol
D0 8030 f=1.6
D0 6020 J=1,IIJET

c

c

c

TITEIII DEADEA}ID

I.IIJKIII'!{ ALLgtrED

oo2o DP (J) =DP (J) +BES (I) *Accil (I , J)
6030 collTilfuE

C DETEBIIIIIE TEICS JET EIS LASGEST DOT PBODUCT
DPI{AX=O.0
D0 8040 I=1 ,IIJET
IF(DP(I) .LE. DPITAX)GO TO 6040
DPlt$(=DP (I)
LDP=I

6040 CO}ITIIIITE
C CAJ.CI'LTTE TIITE TO FIBE JET TITE LASGEST DOT PBODUCT

Tr=DPl{AXlIIFAC T (LDP)
IF(TJET61pp)+TI .LT. TIIIII(LDP))TI=TXI!| (LDP)

C TXI}I IS ZERO EXCEPT DI'BII{G TEBUI}IAL f,A}TUEVEB
C CATCULATE TOTAL TOIT TII{E' OF JET

J 
tuoro

TJET (LDP) =TJET (LDP) +TI
CAJ.CUL]ITE BEI{AIHIITG BES IDIIES
FACT=BPD*JSGAf[
I cs,AxGE | = | trccvl * I T JET I
D0 6060 I=1,6
IF(I .G8.4)FACT=l.O
BES (I) =FACT* 0IEGA (I) -CEAIIGE ( I)
sET BESIDUES TO ZERO IF LIIIE"IB VELOCITT COUTBOL ITOT ITEEDED

rF (P3 . Eg. O . 0) TEEII
BES (4)=0.0
BES (5)=o. O

B-ES (6)=O.0
EUD IF
rF(BCslrcDE .Eq. 4.0)BES (4)=O.O
CO TO TOP OF ITEBATIOI{ LOOP

c

c

c
G0 T0 6010
SCILE JET TIITES TO FIT TITETil COITBOL CTCLE

6070 TLABGE=C0I{CL
I cg,tilIaEl = | rcc | + lT JET I
/TJETBS/=ITJETI
D0 6080 I=1,f,JET

8o8o IF(TJET(I) .cT. TLABGE)TLAEGE=TJET(I)
SCALE=C0[CI-L/TLABGE
D0 6090 I=1.f,JET
rJsT (I) =SCALE*TJET (I)

6oeo Ir(TJEI(I) .LT. TIIJET(I))TJET(r)=0.0
/P0IEGA/ = | ACC | * lT JET I
D0 6100 f=1,f,JET

'tt!'
--'i

-



c

c

i'.(

ADJUST JET FIBTilG TIUE I/ECTOA FOB BUILD-TTP .I,TD DECAY EFFECTS
TJET (I) =CF1 (I) +CF2 (I) *TJET ( I) +CF3 (I) *TJET (I) **2
CEXTEB PT'LSE I}I COilTBOL FBATE AXD CO}fVEBT TO 'ELECTBICAL TII'E'
TJET(T) =JETCYL*tII}TT (IJET (I) /JETCYI.)
IF (TJET (I) . cT . C0}{c'1[L) TJET (I) =C0NCYL
IF (TJET (I) . LT . CFT (I) +JETCTL) TEEX
TJET(I) =O. o
TJcol|(f)=1E+20
ELSE
ABG= ( (CO}TCYL-TJET (I)) 12. O+TIXE) /JETCIL
TJC0I{ (f ) =JETCllL*ltll{T (ABc)
E}TD IF
TJCOFF (I) =TJCO}I (I) +TJET (I)

61OO TJETTOT=TJETTOT+TJET (I)
JETCIII(1=1
JETCO12=1

7000 colfTlt{uE

****tr******'3******* ** **** **** ** ***
*** BEACTIOI{ COUTNOL JET I{ODEL ***
********************* ************r3
L0CATI0H=138 F0Tlt IilPIIIS=TJC0II,TJC0FF,TEBIIAGV
ADD PAEATETEBS EITGFLAC
rDD YAEIASLES TgB(T2) , TJOI{ (T2) , TJOFF (L2) ,PEBOII(12) , PEBOFF (T2) ,
TTJCOFF(12) , TEBFLAC (12)
ADD T.[BLE8 JBITE ,2a ,t, JDE ,2O ,L. BJBUE ,2O ,t, BJDE ,2O ,t
FOBTBA}I STATEXEXTS

IF(II{CAIL .GE. 1.O)TEErI
ITERI=lol
G0 T0 7060
EHD IF
IF(EilGFLAG .Eq. 1.0)c0 70 7a20

C .ETPBOXTNT,TE TEBUST LEVELS AS SqUABE IAYES
/TEaFLAGl=/ol
D0 7O1O f=1,IIJET
IF(TIIE .cE. TJCO}I(I) .llID. TIUE .LE. TJcoFF(r))rgsrLAG(I)=1.0

7o1o TEB (I) =TERFLAG( I) *TBBH,AGY (I)
G0 T0 7050

C USE T.EELE YALI'ES TO I{ODEL BEACTIOI CO}ITBOL JETS
7020 IF(JETC0U2 .Eg. l)TEElr

/TTJCoFF l=/ol
El{D TF
DO 7O4O I=1,NJET
IF(TER(I) .UE. O.O .AIID. JETCOIIz .Eg. 1)TEEil
C.TLL FU(BJDS, TJOFF (r) , PEBOFT (I) , -1 . O)
TTJCOFF (I) =TIXE-TJOTF (I)
E}TD TF

I

!'n

IU



o
rF (TTJCoTF (r) . Eg. o-'9) CO T0 7030
IF (TII{E . LE. TJCON (I) ) TEEX
PEB0H (I)=1.0
riorr (r) =rrlc-rrJcoFF (r)
AALL- ruiros,PEBoFF(r) , TJgFF (r) . -1 ' 0)
c0 l0 7040
ELEE
CALL FU(BJBT'E, TJON(I),PEBOTT (T), -1.0)
TJcOtt (I)=TIltE-T J0lt ( I)
TIJCOFF (I)=O - O

EIID IF
7O3O IF (TIIE . GT. .TJCOIT(I) ) TEEil

TJ0!I (I) =TIltE- TJcolI ( I)
iALil 'Ffu 

clsuE, PEBoH (r) , TJol{ (r) , -1 . o)
ELSE
PEBO}I (I) =O - O
EIID IF
ii-orF (r ) =r rus-r Jc orF ( r)
IF(TJOFF(I) .GT. O.O)TEEI{
cAti-FU(jtk, PEBoFF(r), TJoFF (r) . -1. 0)
ELSE
PEBOFF(I) =1 . O

Et{D IF
TO4o iia ci)=rEnuAGv(I) *PEB0lr (I) *PEBorF (I)

JETGO12=O
7050 CollTrliuE

** ** ** ** * **** *tt ** ** ** tr*** ** ** ** ** * * ti ** * :t ** tt* ** *
*** FTIEL AI{D POIEE CONSI'UPTIO}I CALCI'LATIONS *:T*

*****************************************!t't****
L0CATI0[=168 II{FI t{=12 IIIPUTS=F0BT (TEB=S)

iocerror=tzo FoFc rlrPUTS=s2 rtiFr
ADD PARAITETEBS FISP, PFACTOB'
-EOO VTATASLES FI'EL (I2) 

'FTIELTOT, 
POf,EB

FOBTBAil STATEI{EI{Ts
FUELIOT=O - O

DO TOEO I=1,I{JET
C CALCI'LATE FI'EL COilSUI{PTIOU FOB EACE JET- FITEL(I)=S2 IuFu(I)/rrsr
c brr.cnr:r roral FIIEL -cotqsuuPTrox
?060 FIIELTST=FI'ELTOT+TUEL ( I)

C CALCI'LATL-FOiEB BEqUIBL,TE}T?S(I.8. TATT-SECO}IDS)
p0 fEB=pFtrg1 gg * T JETT0 T

o



c

c

dc
U

** ** rlri,t* * ** *:f * * ** ** ** ** ** * * ****** *
'r'r* ETATISTICAL EEB0B .UIALYSIS ***
* rt * !t * * * * rt * * * r3 * r3 * :t * rt * * * * r| * * * * * * * * * *
L0CATI0f,=236 F0EA Il{PUT8=f YA,BYTEBB,AAEBB
ADD PABAIETEBS SICFLAG
ADD VABTABLES rEAt{ (9) , D((9) , ru (9) , SD (9) , BIS (g) , t{S (g)
FOBTBAI{ STATEIEI{TS

rF(SAFLAG .EQ. o.o)Go ro 7o8o
IF (IilsT . Eq. 28 . AITD. ITICALL . EQ. 1.0) TEEII
TSFLAG=1. O

EHD IF
IF(TEBIFLG .Eq. 1.0 .A}ID. TsFLAG .Eq. 1.0)THEI{
TSFLAG=O. O

ABG=SICFLAG
EXECUTE AT E}ID OF IAXT'EVEB OI{LY
D0 7O7O I=1,3
FIilAL AI{GI'LAB BATE EBBOB ANI,LYSIS
CALL STAT(rsrX(r) ,rX(r) ,ru(r), SD(r),BIS(r) ,ilS(r) ,r vA(r) ,ABG)
J=I+3
FIIIAL LIIIEAB VELOCITY EBBOB INALYSIS
CALL gTAT (IEAX ( J), IX(J), Ilr(J), SD (J), BIS (J), }TS ( J), BnIEBB (I), ABC)
K=f+8
FII{AL ATTITT'DE EBBOB I}IALYSIS

707O CILL STAT (IEA}I(K) ,IX(K) ,I}{(K) , SD (K) , BIS (K) ,I{S (K) . AAEBB (I) , ABG)
SICFLAG=O. O

E}TD IF
7080 colrTr}{uE

* * * * rf 'l * * * * *'l * ** * * * * rt * * * * * * * rf *'l * r; * rl * * :l * *
*** PLOT PABAIETEB BE}IAIIXG BOUTII{E ***
*:i**** **rt ***t;!t*** *t3** ****** ****tl* ***** *
L0CATI0I{=250 F0BP
ADD YASIABLES PEIE,TEETAE,PSTE,P,(I,B,YXEBB,VIEBB,VZEBB,EPf,IE,ETEETAE,
EPSIE,PESTI,gESTI,BESTI,EY:IEBB,EYYEBB,EVZEBB,TEB1,T8B2,TEB3,TEB4,Tg86,
TEBO, TEB7, TEE8, TEBg, TEB10, TBB11 , TEB12
FOBTBAI{ sTATEIENT8
C BEIIA"TE 8TATEs, AND YAEIABLES FOB PLOTTII{C

PEIE=A EBB(1)
TEETAE=MEBB(2)
PSIE=AAEBB (3)
P=r VA(1)



Q=t YA(2)
B=r VA(3)
PEBTI=BEBT ( t)
QESTI=BE8T (2)
BESTI=BEST (3)
Y)(EBB=BWEBB (1)
VIEBB=BWEBB (2)
VZEBB=BYYEBB (3)
EVXEBB=YEBB (1)
EYYEBB=YEBB (2)
EVZEBB=YEBB (3)
EPEIE=AEBB ( t)
ETEETAE=AEBB (2)
EPS IE=AEBB (3)
TBBl=TEB (1)
TEB2=TEB (2)
TEE3=TEB (3)
TEB4=TER (4)
TEBS=TEB (5)
TEB6=TEB (6)
TEBT=TEB (7)
TEBS=TEB (8)
TEBg=TEB (9)
TEBIO=TEB (10)
TEBtl=TEB (1 1)
TEB12=TEB (12)
VI(CGEBB=CGVEBB (1)
YTCGEBB=CCVEBB (2)
YZCGEBB=CGVEBB (3)
PIEAII=IEAI{(1)
0IEI}I=IEAI{ (2)
BIEril=IEAlt (3)
Vt(EIErtll=IEAII (4)
YYEIEAII=IEAII (5)
YZEIEAI{=IEAX (6)
PEEIErttl=IEAII (7)
TEEIEAI{=IEAil (8)
PSEIEAIT=IEAII(9)
PSD=SD (1)
QSD=8D (2)
BSD=SD (3)
YI(ESD=SD(4)
Y-IE8D=8D (5)
YZEBD=SD (6)
PEESD=SD(7)
TEESD=SD (8)
PBESD=8D(9)
PIII{=III (t)
tflIl{=I}l (2)
BIIX=Il{ (3)
YJ(EIII{=III (4)
[IEIIlf=Ili(5)
YZEIIX=Ix (6)
PEEIIIf=Ilf (7)
TEEIIX=I}f (8)
PSEII[=If,(9)



PXAX=IX(1)
Bl{AX=lD((2)
B,XI'X=lO((3)
tIXEIld(=H(4)
YTEIAI=E( (5)
VZELAX=H(6)
PEELAX=E((7)
IEEIAX=D((8)
PEEITAX=IX(9)
PShI=}{9 (t)
jSAI=XS (2)
BSAI=ltE (3)
YJGSAI{=I|S (4)
YTESAII=ilS (5)
YZESAI=HS (8)
PEESAI{=HS (7)
TEESAII=IS (8)
PSESAII=HS (9)

****************:;*********************
*** USEB DEFI}TED OUTPUT STATEIIEIITS ***
*******:f ***************** **** **** **tf **
PEITT 8TATEIEITS

rBITE(6,8OOO) TTTE
rBITE(6,8O10) PEIE, TEETAE, PSIE
IBITE (O ,8020) P, Q, B
rBrrE (8 . 8030) rrEBB, V']rEBB, VZEEB
IBITE (6 , 8O4O) EPEIE, ETEET.|.E, EPs TE
rBITE (6,8OEO) PE8TlI, qEgTr. BEgTr
rBITE (S , 8060) EV:(EBB , EVYEBB, EVZEBB
TEITE (6,8070) TgBl , TEBz, TEB3 , TEB4
IBITE (6, 8O8O) TEBS , TEB6, TEBT , TEBS
IBITE(6,8090) TEBg, TEBTO, TEBT1, TgB12
TBITE (9,8100) VJ(CGEE&, I'ICGEBB , VZCGEEB
IBITE (8,8110) PEEI{EA, PEESD, PEEITil, PSEI[A:(, PSESAI
IBITE (8,8120) TEEI{EA, TEESD, TEETTil., TEEIAX, TEESAII
rB I TE (6, 8 13O) PS ESEA, P SESD, P SEITII, P SEIIAX, PSESAT
rBrrE (6,8140) Pl(E ,, PgD , Prlil, PIAX, PSAI
EErrE (8,8150) et{EA, QSD, gErt{, qU.LK, qsill
rBITE(6,8160) BI{EA, BSD, ENI}I, BITAX, BSAI{
IBITE (6 ,8T70) V'CEI{EA. VXESD , VXEIII, VXEXAX, V:CESAIT
rBrrE(8.8180) lnrEUEA, VIESD, YYErrlI, YYEI{AX. VTESAT
rBITE(E,8190) VZErffi{, YZESD. VZEI{II, VZEltl'X. VZESAII
tBrTE (6, 82Oo) BCSIIoDE

gooo F0B[AT(/,l,l,f ,/,4ox,48***,'TrIE="F8. 4,48 ***,f)
8Ot0 F0BTAT(1X,'PEIE="C12.5,' TEETTE="GLz.6,' PSrE="G12. 5)
8020 F0BLAT(1X,'p=',G12.8,' (1=',G12.E,' B=',C12,8)



8O3O F0BIAT(1X, 'VXEBB=' ,G12.6,' VYERR=' ,G12.6 ,' YZERB=' ,GlZ .i,.,
8O{O F0RI{AT(1X,'EPHIE=',G12.6,' ETEETAE=',GLz.6,' EPSIE=',G72.t)
8O5O F0BltAT (7X,' BESTII=' , G12.5, ' Q,ESTlt=' , G12. 5, ' BESTII=' ,G12 .Et
80EO F0BX.AT(1X,'EVXEBB=' .G12.5,' EVIEBE=',G12.5,' EVZEBR=' .G12.['

lj 8O7O FOBLAT(1X,.Tgnt=', ,GLz.E,' TEB2='.G12:5,', tgAg="G12.E,' T,1I '="
u 1c12.5)

8O8O FSB{AT(1X,'T885='.G12.5,' TER6=',G12.5,' IEBT=' ,G12,6,' T.tI =' ,

1c12. E)
8O9O T0BIAT(1X,'T889="C12.5,', TEBIO="G12.5,' TEB11="G12.5,' 1.,31!='

t, c12. 5)
81OO F0BltAT(1X,'VXCGEBB=',Qtz.6,'' II-YCGEBB=',C12.5,' VZCGEBB=',31 :-'.t'.
8110 FoBILIT(1X, ',PEEIEAI|=', ,GL2.6,', PEESD=', ,Gt?.E,' pBEIItt=' ,G72 .l ,

1 ' PEEIAX= ' ,G12.6 ,' PEESAI=' , G12 . 5)
8120 F0BltAT(1X, 'TEEIIEAN=' ,G!2.6,' TEESD=' , G12.5, ' TEEI{II{=' ,G"2 .l1' TEEld.rl.X=',G12.5,' TEESAI=',C12. 6)
8130 FOBIIAT(1X, 'PSEIEAII=' ,GLz.5, ' PSESD=' ,G12.6,' PSEIIII=' , ci:.[ ,

t ' PSEIdAX=' ,Ctz. 5, ' .PSESA^I=' , G12 . 5)
814O F0B!{AT(1X, 'Pt{Etl{=' , G12.5. ' PSD=' . G12 .6, ' P[fN=' ,Gtz.6 ,1' PIIAX=',G12.6,' PSAI=',G12.5)
8150 F0BltAT(1X,'(lIEAil=',Gl2-5,' QSD=,,G12.5,, QfI}{=',Gtz.6,1' QIAX=',C12.5,' QSAII=',C12.5)
8180 f0BUAT(1X,'BllE.d.N=',G12. 6,' BSD=',GLz.6,' BI{I}I=',G12. E,

1' BIAX=',C12. 5,' BSAII=',G12.5)
8170 F0BllAT(1X.'VJCEUEAIiI=',G12.5,' VIGSD=',C12.8,' II?CEEII{=',G12.t.

1 ' YI(EIAX=' ,GLz.6 ,' IIXESAII=' , G12.5)
8180 FoBI{AT(1X, 'lrTEf,EAH=', , C12.6, ' VTESD=' ,Gtz.6 ,' VtE[I]i=' , G12 . [ ,t' YIIEELK= ' ,G!2.8 ,' lfTESAl{=' . G12 . 5)
8190 F0BllJtT(1X,'VZEIIEAI{=',C12. 5,' VZESD=',Gtz. 6,'' YZEI[I$=',G12.I

1 : VlEllAX=' ,Ctz.6 , ' VZESAII=' , G12. 5)
,' ^ B2OO F0EX,AT(1X.'BCSII0DE=',G12.5)

^dl.ILPEABETTZEI EtrD OF IODEL
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r

fr
** I ri *a t t * * * ** ** ** * r; :; * * * *,f * * * * ** tt rl r; * * * * :;
r*r PBY 6 - DoF E"ASYE ArALTSIE FILE ***tr* DESIGIIED 8T: B. G. B0B9T 3-3-84 ***
rl * r3 :3 ** * * * rl * :l I * * * * * * * * * *,f * * * ri * * rl :| t * * * 13 * *

** ******* **** ** ** ** ** +* ri* ** rf **tf rt* * *
*** YEETCLE DTillIICS PABATETEBS ***
** ************* ** rt* ** ** ************
PABAITETEB VALIIES
IIUIJET=8.0
XT(1)=O .4L7 ,XT(2)=O.417,XT(3) =Q.477 ,XT(4)=0 .4LT
XT (5)=o. o, XT(6) =o. o, XT(7) =0. o, XT(8)=0. o
XT (9) =O . O, XT ( 10) =O . O, lgT (1 1) =O . 0, XT (1 2) =O . 0
TT(1)=0.0, Tf(Z) =O. O, TT(3) =-2. OB3, yT(4)=2.08S
Tf (5)=O. 0, TT(8)=2 . O83, YT(7)=0. 0, Yf (8)=-2.083
YT (9)=0. 0,YT(10)=O. O, YT(11)=0.0,'ft (!2)=O.O
ZI(1)=-2. 083, ZT (2)=2. 083, ZT(3)=0 .O,ZT(4)=0. 0
ZT(5)=-2.O83, ZT (6)=O. 0,ZT (7)=2. 083,27(8)=0.0
ZT(9)=O .O,ZT(10)=O .O,ZT(11)=O .g,ZT(12)=0.0
fXPFLAG=O.0
XIIP=0.0, YIIP=O. O, ZIIP=O. O

BVCG=3.75, T?VCG=O. O, ZEYCC=0. O
ALlPll=97727O. 0, 1|E1PI=23423. 0, .[Z1PI=-9O .0, GAIPI=O . 0 , EIYGPII=I . 0
i,OLYA=0. 0, PITVA=O . O, YAIYA=-90 . O
LAtYrt=7O . 0, L0 tYA= 160 . O, TI 1YA=O . 0, DAIVI'=8O . O
BIDP0=2O92749L.O

***************** ** g***+*****+************** ****
*** ATTITUDE A}ID VELOCITT COIIAIID PAB.AIETEES ***
********:B*g*rr***********************+********* **
gEA(l) =160.0, CEA(2)=O.O, CE.A(3)=-110. O
ClfC (t) =0. 0, CTC (2) =O . O, CVC (3) =0. O



f
i

| * ** r :} * * l} :31 * * f r I * * * r3 rt *t * * rl 13 * ri * * * * f * r; * !t *
rII ETATIETICAL AXALYSIS PASAIETEBS ***
:;* :3** I ** *'f * r; * tf * r| * * * * r| *t * * ** * * * * ** * * * * ri :f
8.[FLAG=O. O
SICFLAF1 . O
IA88PY=0 . O018, SDCG=O . 0067, II{EBPV=O . OOt8, EDAI{G=O . 33
TEEPY=O .0L67 ,8DAI=0 .0167, SDYII=0.00167

* * *** * * * * ** ** * :f **'i * * * ** ** * * * * * * * * * * * ** * * ** **
t** TilEETIAL IEASI'BETEI{T IIITIT P.ASAIETEBS ***
************* rf******************************
XfIU=1 . 375, YIIU=-O. 9167, ZfIU=9 . O
C0ICIL=0. 01

************************************************
*** Itf,IFIED PEASE SPACE AUTOPILOT PABAIETEBS ***
** ** * rt *** ** ** ** ** ** ** * * rt*** ** ** tF* * ** * * * * * * ** rt :l **
IA88A=30. O
ItrEBA(1, 1)=34. 4, IIIEBA(I, 2)=-1 . 49, IIIEEA(1, 3)=-0. 89
I!{ERA(Z,1)=-1 .49, fIIEB L(z,2) =131 .6, filEBA(2,3)=-0. O2
IIIEEA(3, 1)=-0.09, filEBA(3, 2)=-0. 02, ff,EBA(3, 3)=139. 1
CcA(1) =2.76, CGA(2) =0. o558, CGA(3)=0. OO25
IEETIXA ( 1) =1 1 8 . 66, IEETAJLI (2) = 1 1 8 . 66, TEETA:Lf, (S) =t 1 8 . 66, TEETA:(A (4) = 1 1 8 . 86
TEETAXA ( 5) =O . 0, IEETAXA (6) =O . O, TEEI.IXA (7) =O . 0, IEETAXA (8) =C . o
IEETTXA(9)=90.0, IEETAXI,(10)=90. O, TEETA:(A(11)=90. O. TEET.[J(A(12) =9o. O
TEETATA(1)=113.58, TEETATA(2)=66.42. TEETATT(3)=38.87, TEETATA(4) =ii1.33
TEETAY (5) =90 . 0, TEETATA (S) =90 . O, TEETATA(7) =9O . O, TEETATA(8) =90 . 0
TEETAYA(9)=9O.0, TEETAYA(10) =90. O, TEETAYA(11)=9o. O, TEETAYA(12) =90. O
IEETAZA(1) =38.67, TEET AZL(2)=1{1 .33, IEETTZA(3)=113 . 68, TEETTZA (4) =56 .12
TEETAZA(5)=9O.0, TEETAZA(8)=90. O, TEETAZA(7) =90. O, TEETAZA(8) =9o. o
TBETAZA(9)=90.0, TEETAZA(10) =90. O, TEEIAZA(11)=90. O, TEETAZA(12)=90. O
TEBIACA ( 1) =40 . 0, TEBIAGA (2) =4O . O, TEBI{AGA (3) 40 . O, TE8,NAGA (4) =40 . 0
TES,IAGA(5)=40.0, TEBIAGA(6)=40. O, TEBIACA(7) =4O. O, TEBIAGA(8) =4O . 0

* IEBTACA(9)=O. O, TEBIAGA(10)=O. O, TEBIAGA(11)=0. O, TEBIIACA(12) =O.0

-
-



ft

*********t|*********
*** DATA TABLEE ***
*****************tf*
TAELE,FXIIIP,2
o.o.999.O
0. o, o.0
T.f,3LE,FYIIP,2
0.o,999.0
o. o, o. o.
TA8LE, FZTyF,2

cF1 (1)=o. 0036,c?t (2)=o. oo35,cF1 (3) =o - 0035. cF1 (4)=o. 009!
cri is)=o. 0035,crr (g)=o. oo35,cF1 (7) =O. OO35, Cr1 (8) =0.O035
cri (e) =o . o, cFi (1o)=0. o, gF1 (11)=o - 0 , cFt(12) =o.0
CF2(1)=1 .0. gT2(2)=1 .O,CF2(3)=1. O. CFz (a)=f . O

cF2 (5)=1 . O, CFz(g)=r . O, cF2 (7)=7.O,CF2(8)-=1 . o
gr2 agt =o. o:cF2(10)=0. o, cF2(11)=o. o, cF2(12)=o.o
iii fii=o. o, crs(z) lo. o, igg (a2=s. o, cF3 (+)=o. o, cF3 (q) =9.0,cF3 (6) =0.0
aFeati=o. o, crsiSi=o.0, Crg (e)=0. o, crs (to) =o.O,cF3 (11)=0. o, cF3 (12)=o.0
BPFO . 0174532s262
JETCIL=0 .0003, C0llCtlL=O. 1EO
TAII=O. 2E , TG01=0 .31 , TC0ABT=O .75, JSGAf I{=1 . O
TG0DB=O . 8, L.ABCE=1 O . O, SILALL= 1 - O, D0 fIA:(= 500 . O

aDB=O. 5, BiB=O. 5,BLII=z'o.0, VDB=O. 03, VLII=O- 04,BESDB=o.004
ECSFLAG=3. O

** *************************************
*** BEACTIOf, COI{TBOL JET PAB$TETEBS ***
* *** **** * rlrl ** ** ** ** * * * * * * ** * * ** * * * * * ** *
ESGFLAG=O.O
FISP=238. O

PFACT0B=20. 0
l{IB(1) =0. 40, II8 (2)=O. 40, IIIB (3)=O - 40, llIB (4) =0. 40
rra (si=o. 40,urg(e)=o.40,rrB (7)=o. 40, Ilq (9) =0.+o
urg'(e)=o. o, itrB(10)=O. O, rrB(11)=O. O,rrB (12) =O - O

criinfuir)lr. o, cxrrrFr(z) =r . o, cKrrl{Fr(3) =1 .0, cKrrI{Fl{(l)=r. o
cxiirrr (Ei = I . o, crrrxFr (o) =1 . 0, cKr rI{Fr (7) =1 . 0, cl(rrl{I{!-el=r . o

ciiiiffragi=i. o, crrrrrr(ro)=r. il. cKrrtrru(11) =1 . o, cxrrlrFr(12) =1 . 0

-



.'

i

0.o,999.0
,o.0, o. o
'TABLE, rBBT.2
o. o, o. 150
o. 0333 ,0 . 0333
TA8LE, JBU8.3
o.o,o.oo5,0.oo9
o. o, o. 0ooo1 ,1 . O

TA3LE, JDE,2
o. o. 0. oo7
1.O,O. O

TABLE',BJBI'E,3
o.o,o.oooo1,1-O
o.o,o.o0E,0.oo9
TABLE,EJDE,2
0.0, 1. O

0.007,0.0

.-:'

-;F

-

** r3* ** ** * ** ** tt* ** * *** tt* ** *l* *

*** ACIIVE }IOIIUAL STATES ***
*,f **** ** *'|* ** ** ** * * *tt ** *** * **

rLL STATE8
ITTT COITBOL
Sz 1}{FI(9)=o.o
82 IIIFI(l0)=O . O

82 Iilrl(11)=o.o
82 ltTlt(tZ)=o.O

****t**** * **:f tt ****** ** **** *

*** If,ITITL COIIDITIONS ***
** t;* ** ** * tt*** ** ** * * * * **** *

INITIAL COTDITIOHS
B2 PII(1)=21898?61'O
Bz PI(2)=o.O
BZ PI(3)=0-o
BD2PI(1)=-8011. t
BDZPI(2) =-22O10 . O

BDZPI(3) =o. o



aj
i

e
g
e
rq

YA(1) =o. 09960
VA(2) =0. F6486
YA(3) =-Q.8067t
ve(li=-Q. 74224

't

-

* ** t * rt rt * * rt * * * * *'| rf r| * * * * rt * * rt * * * * * ** * * * * * ri * ** *
*** PLOT PAEAIETEBS Af,D OUTPUT CO!|TBOL8 **+
*:f ************rf *rt****rf :f *'f ***************rf **
I!|LK=3.O, INT II0DE=3,T.I}{C=O. 0001, OUTBATE=1OO. O. PBATE=I8.O
PBIUT COITTBOL=8
DISPLAY1
TIIE, Y8, PEIE
TSETAE, Y8. TIIE
PgIE; V8, TIIE
DISPLAYz
P, Y8 , TIIE
g, Y8 , TrrE
8,V8, TrfE
DISPLAT3
IIXEBB, VS, TI}IE
Y']TEBB,Y8, TIIE
TZEBB. VE, TTIE
DISPLAT4
EPSIE, Y8, TTIE
ETEETAE, YS,.TIIIE
EPSIE, Vg, TIIE
DISPLAYS
PEsTI, Y8. TTTE
qEgTI, YS, TTIE
BESTI,TS, TIIIE
DISPLAYE
EVXE88, Vg, TTIE
gTtEBN, Y8, TITE
EVZEBB,VS, TITE
DISPLA]T
TEB1 , V8, TIIE
TEBz, YS, TTXE
TEB3,V8, TIIE

'EB4, 
YS, TIIIE

DISPLAYA
TEAE, VS, TIUE
TEB8. YS. TII{E
T887, YS, TII{E
TER8.YS, TITE
DISPLAYg
P0IEB, Vg, TIIE
FI'ELT0T,VS, TIXS



CCP PLOTS
*PBIf,TEB PLOTS

* :3 +* :3 * *,f * * *'|* * t,t * * * ** ** * * ** ** ** ** * ** ** * * ** * rt ** * * ** *
'r** ILL P-IEAIETEBS BELOI EEBE itBE BID{ DEpE}IDEI{T .***
** * * :t* * r3 * * * ** * :t ** * * ** *rt ** * rt ** * * ** * ** ** * * * *,1* ** ** ** *
PAEAITETEB YALIIES
CVC(1) =O. E, CVC(2) =O.5, CVC (3)=0.5
CEA(I) =159 - 0, CEA(2) =1 . O, CBA(3) =-109. 0
EIIGFLAG=I.O
8AFLAG=1. O
ctl.c xrc
SIIi'LATE

I

-
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APPENDD( C
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t:
c
c

8UBBoUrIf,E DCFqUAT ( q, DC)
CTLCT'LATE DIBECTIOI{ CO8TilE IATETX
DE9IGI{ED BY: B. C. BOBST
IIPLICIT BEAL:I8 (E-A,g-Z)
DrrElr8rox q(4), Dc (3,3)
QQ1=Q (1 ) *Q ( 1)
QQ2=Q Q)*q|'z)
fQ3=Q (3) *g(s)
QQ4=0(4)*q({)
DC (1 , 1) =qQ1+Qqz-qQ3-qq4
DC (2, 2) =QQ1 +qq3-gg2-qQ4
Dc (3, B) =Qe1 +Qg4-qq2-gqg
QQ1=Q (1)*rl (4)
QQ2=Q (2)*q(3)
Dc(1 ,2)=2*(tlQz*qq1)
Dc(2,1)=2*(eqz-gg1)
QQ1=Q (2) *Q (4)
QQ2=Q (1) *q (3)
DC (1,3) =2* (Qq1-QQz)

C ASSUBE DC (1 .3) ITAGTIITIIDE LT 1
IF(DC(1.3) .LT. -1.O)DC(1,3)=-1.O
IF(Dc(1;3) .cT. 1.o)Dc(t,S)=1.0
DC (3 ,t)=2* (QQ1+QQ2)
QQ1=Q (3) *q(4)
QQ2=Q (1)*Q(2)
DC(2,3) =2* (QQ1+QQz)
DC(3 ,2)=2* (qq1-qqz)
BETIIBI
EITD

SI'BBOUTTf,E gUATFEA(EAI, C)
CTLCI'LATS gUATEBHIOT FBOI EI'LEB

FEOT QUATEEIIOI{
7-7-84

c
c

IilGLE8
7-7-84DESIGIIED BT: B. G. BOBST

IIPLTCTT EEIL*8 (A-8, A-Z)
DrrEt{srof, EAA(3) , Et (3) , g(4)
BPD=0.017463292
EA(1) =0 . E*EA.6 (1) *BpD
E_A (Z) =O . E*g.[.[ (Z) *BpD
Ef (3) =0 .5*EAA (3) *BPD
Q(1)=c08(EA(1) ) *C08 (EA(2) ) *cos (EA(3) )

1+Srf,(EA11) ) *sril (sA(2) ) *srtr(EA(3) )
Q(2)=8n{(Er(1) ) *c08 (EA(2) ) *c08 (EA(3) )

1-q0s (Er (1) ) *8 rn (EA (21 ) *srx (EA(3) )
0(3)=c0s(EA(1)) *srr{(EA(2) ) *c0s (EA(s) ). 1+snr(Er(1)) *cos (EA(2) ) *srlr(EA(3) )
e (4)=cos(EA(r)) *c08 (E"A(2) ) *sril(EA(3) )

1 -8rf, (EA (1) ) *sI}r (EA(z) ) *cos (EA (3) )
XOBTTLIZE GUIDAITCE gUATEBIIIOTT

Q (1 ) =Q ( 1) /8 gBr (xl{oBr)
tl(2) =Q (2) /sCBT (xtoBI)
Q(3)=Q(3) /sQBT (nronD.:-

:!

-



q (4) =Q (4) /seBr (ntoBr)
E,ETTIBI
ElrD

SItEBoIrrr[E CEFquAr (q1 , Q2 , ALPEA, EA, EBB)
C CILCI LATE C8IITB0L EB8oBE FBolt gUAfEBlIolr8
C DEBIGtrED BY: B. C. B0BST 7-7-84

IIPLICIT BEAL*8 (E-g,O-Z)
DrrEf,8roil q1(4) ,q2(4) ,Q3(4) , qcor({),EA(3),EBB(3)
8PD=0.Ot7463292
CALL gCoXJ(gr,QCoU)
CALL gpB0D(qCoN, qZ, Qg)

C CALCI'LATE BOTATTOI ATIGLE
.f,LPEA=2 .O*Acss (e3 (t) )

C CI"LCULATE EITTEE AXIS
E[(t) =Q3 (2) /srx (o.E*ALPEA)
EA(2) =Q3 (3) /sIil (o . 6*ALPEA)
EA (3) ={3 (4) /8Iil (O . 5*^[LPEA)

C CALCT'LAIE ATTITI'DE COI{TBOL EBBOBS
EBB(1)=2. o*E"A(1) *srl{(0. E*ALPEA) /spD
EBB (2)=2. o*Ef,(2) *SII{(0. E*ALPEA) /rpo
EBB (3)=2. o*EA(3) *sIf, (0. 5*ALPEA) /BPD
.ALPEA=ALPEA/BPD
BETUBX
EIID

SUBEOUTITE STAT (IEJUI, IA:I(, III, SDEV, BI8, II, IilPUT, ICFLAG)
C 8TATI8TIC.TL ASALYSIS
C DEBfGf,ED BT: B. C. 80BET 7-7-84

BEAL IEIf, . IAJ(,IIX. U, I$PUT. ICFLAG
rF(rcFLAC .Eg. O.o)Go T0 1OO

C IUITITL COilDTTIOITS
f,=O.0
IEAI{=O. 0
IAX=IIPUll
IIli=IXPUT
SDEV=O.0

100 c0l{rlruE
.ABG=t{* (sDEY** Z + UAAII**2) + IITPUT* *2

C ITEAtr
ltEAx= (H*ttgur+rsPuT) / (lf+1 . o)

C 8TIIDABD DEVIATIOU
8DEV=SQBT (ABS (ABG/ (f,+:, : O) -IEfiT**2) )

C II'ITBEB OF EATTPLES
X=f,+l . O

c BooT-f,EIil-SguABE
BI8=SQBT(rBG/tI)

' i:' C III{IIUI YALITE

-



c
e

SIIBBO TN Tf,E BI{C (BI.NDG, sEED, S I CIIA, IIEAI{)
GEIIEEATE A I{OBUALLY DISTBIBUTED BAI{DOT III'TIBEB
DESIGIIED BY: B. c. B0BST T-T-94
TTPLICIT DOI'BLE PBECTSTOI(A-E,O-Z)
BEAL IIEI.I
.SUI=O.0
D0 1O'I=1,12
x= (sEED+3 . 14159266388979) **6

. SEED=X-AIIT(X)
8UI=8III+8EED

10 coxlrilnE
EAIIDC= ( SUlt- 6) *S IGUA+UE A,R

BETI'BI
gI{D

SUBBOUTIIIE Pl{ (8,, BD0T, IB, BD, BDD8T , f BD , TT.Z ,DAZ, B.ADf US , F, AE:SS ,1 ALAT,.f,Lotr, A.LT, TIll, DAT, yEL, AZI,GAI[,E]rG)
YEBSIoI 1. BgvIsED DEC L2 1977
PI'BPOSE* CALCI,LATE TEE POSTTIOX .TI{D VELOCITY OF A POTITT ITASS

IX BESPOTISE TO EXTEEXAL FOBCES, F, rEElI IlI .|, SEPERICAL
E.I,8TE CBAYTTY FTELD.

CALL SEqI'ETCE
OUTPIITE* B,BDOT,IB(3) . .POSTTIOII YECTOB,I}IEBTI.IL AXES,FT OB TTETEBS

BD,EDDOT.TBD(3) - YEL YECT, I}IEBTIIL AlGs,FTisEc OB T{/sEc

IF(IHPUT.LT.
I.AXITUI VALT'E
IF(II{PUT.CT.
BETUBI{
gl|D

' tl,z
I'42
BTDTI'8

IITPUTS* F(3)
Ar[4s8
rI.AT
tL0I{
ALT
TTI
DAT
TEL
AZr
CAI
EIIG

IIB) III=IIJPUT

Il$IA)(=f }{PUT

It'

-Fr

rv

-c c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

r}IITIAL TTIE, EOt'88
- IIIITI.AI. DAIE, JULIAil DAYS
- ETBTE BADIUS, FEET OB TETEES
- E]CT. FOBCE VECTOB,II{EBTIAL AXSS,LBS
- POIUT IIA88, SLUCg OB IGLOGRATS

If,ITI.EL LATTTI'DE, DEGBEES
II{ITI.IL LOUCITTIDE, DEGBEES
ItrITIAL ALTITI'DE, FEET OB ISETEN,S
IHTTTAL TII[8, BOUBS
II{ITIAL DATE. JI'LIAI{ DAYg

- TUITIAL VELOCITY, FTI8EC OR U,/SEC
- I}TTTIIL AZTTUTE A!{GLE, DEGEEES
- TUITTAL VEBTICAL FLIGET PATB AHGLE,DEG
- EIIGLISB Itl{ITS FLAC O = IETBIC

DESTGilED BT* J.D. BI'BEOUGES t{OV 1977** TODIFIED BY JDB ADD IETBTC UITTTE AIID TDD OUTPUTS FOB PO COUPOIrENT** IIODIFIED BY JD8 COBBECI COITST.II{TSf,.

-v



IIPLICTT DOT'8LE PBECISIOil (A-9, O-Z)
c0Lrs x./ c r ccAL / r c c AL / crrtrg / T rnE
DrrElfsro[ B(3), BDOT(3), rB(3),BD(3),BDDoT(3), rBD(3),F(3)
DrrElISroI{ ?1 (3, 3) , Y (3) , V1 (3)
DArl BAIIIE, LPD/2O925063., .0174532926$e43/,V /3*O . /,

1 GBAYE l-t . +OZgaSegro/, GBAVT./-3 . 98EOO9e'4/ , BADrr,/6378t42 . /
! ====:=: PB0YIDE DEFAITLT YAIILES FOB PARAIETEBS

IF(DAT. Ee. : 99999) DAT=8o.
Ir (TII. Etl. . 99999) TfI=12
IF (.[LAT . Eq. .99e99) ALAT=O .
IF (ll0lt. Eg. . 99999) AL0l{=0.
IF (cAIt. EQ - . 9999e) GAI=o -

Ir (AzI. Eg. . 99999) AZI=0.
TI2=Tfll
DA2=DAT
GBAYC=GBAYE
BADTUS=BADIE
IF(ENG.ITE.O.) GO TO 20

S ========= SfITCg T0 IIETBIC UI|ITB
GBAVC=GBAYI
BADIUS=BADII

S ======== TEST FOB IIIITIAL C0IIDITIOU CALCIILATIOI{S
20 IF (ICCAL. T{E.1) G0 T0 1oO
f ========== CALC II{ITIAL IIIEBTIAI POSITIOIJ FB0II LATfTUDE,
C LO}TCTTI'DE,ALTITT'DE,DATE, IITD TII{E

BLAT=ALAT*BPD
GO SLAT=COS (BLAT) * (BJTD IUS+.ILT)
sIltLAT=SIl{(BLAT)
AtfG=(15 . * (TII+TfIE,/3S0O . -LZ .) +. 98563* (DAT-80 . ) +ALO!{) *EPD
C0SL0II=COS (r$G)
8I[L0l{=SI}t (A}IG)
E (1) =C08LAT*C0SL0!I
B (2)=C0SLAT*S IltL0ll
B (3 ) =EI!|LAT* ( gAD1U8+ALT)

Q -==-== CILC fIITIAL II{EBTIAL VEL0CIIY FB0I LAUTUDE,
c L0I{GrruDE, DlrE, rrrE, vELocIrL AfD FLTGET
C PATE A$CLES BSLATIYE TO TO LOCAL EOBIZONTAL.
C ------.- TEIXSFOBIIATIOI{ TEBSUGE VEBTICAL FLIGET PATE AI{CLE

T(1)=VEL
BGAI=.G.TI*BPD
CALL TBTSF(T1,BGAT,2)
CAI.L IATIPY(VI, T1, V, 3,3, 1)

C -------- TBIilSFOBTATIOT TEBOUGE EOBIZO}TT.AL FLTGET PATB AIICLE
RLZ3=-LZI*BPD
CTLL TETI{F (T1 , EAZT, 3)
CTLL TATIPY(BD. T1,V1, 3, 3, 1)

C -----.- TB,TtrSFOBITATIOf, TEBOUGE LATITI'DE A}IGLE
BLAT= (9O. +ALA1) *BPD
CALL TBT$F(T1,BLAT,2)
CALL I,ATI{PT(V1 , T1 ,8D,3,3, 1)

C -------- TBA}ISFOBUATIOI{ TEBOUGE DATE - TTTE - LO}TGITUDE AIIGLES
cAtL TBttrF(T1, -AltC, 3)
CTTL ITATUPT(BD, T1,Y1. 3, 3, 1)

100 cotrTrllltE
Q :::== C.ALCIILITE GBAVITT ACCEL C0EFF.

caLL D0TPBD (R2,R,8.3)

-&
--

.-.4

tt



c60 Gl{33=GBAv c / 8,2 I SgB T (R2 )
Gl{P,3=GBAv C | 72 | D sQBT (B 2 )

D0 1OO0 I=1,3
IF (IB (I) . f,E.0) BDoT (I) =BD (I)
BETOVE GBAVITY TERIT

EquATIol{s 0F lr0TI0t{ Ix TilEBTIAL

B. G. BOBST 3-16-84
c Ir(IBD(I) .l{8. o) BDDOT(I)=F(I) /rtttrtss+GI83*B(I)

rF (IBD(I) . ffi . o) BDDor (I)=F (I) /eIrss
1000 c0lITIttuE

BETI'BH
E}ID

o'


