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FOREWORD

This report describes a computer program which was developed at the Convair Division
of General Dynamics as a means of rapidly evaluating flight performance reserve (FPR)
requirements for the Centaur vehicle. Major elements of the program are a linearized
vehicle performance model and a Monte Carlo sampling method. Although the prime
impetus for this development effort was FPR analysis, the program is generally
applicable to performance evaluation of any system that may be represented by an

explicit mathematical model.

Program development was conducted under the provisions of Contract NAS3-3232.

Prepared by . Prepared by / < Z 'é 1
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. A. Dog B. Anthony




GD|C-BTD65-176

ACKNOWLEDGMENT

The considerable assistance of R. W, Estus in coordinating and edit-
ing the engineering and programming inputs to this report is gratefully
acknowledged.

ii




[T R R T w—

Section

Appendix

GD|C-BTD65-176

TABLE OF CONTENTS

INTRODUCTION -

BASIC EQUATIONS -

COMPUTER PROGRAM

PROGRAM LISTING

iii/iv

3.1 Input Variables - =

3.2 Output - « .

3.3 Variables Used Within

3.4 Sample Case . .
3.5 Input Card and Deck Format .

the Program

25
28
28
32
41

45



Figure

W 0w =3I W AW N e

—
(=]

Table

GD| C-BTD65-176

LIST OF ILLUSTRATIONS

Title Page

Generalized Computer Flow Chart . . . . . . . . . . . . 19
Detailed Computer Flow Chart . . . . . . . . . . . . . 20
Subroutine FQPLOT . . +« . + ¢ o ¢ o o o o « « « + « 24
Subroutine NORAD . =+ + + ¢ + & « & o o« o o o + o « 24
SampleInput . . . . . .« . .+« « .+« 4 4 + 4« « + « . 25
MachineOutput . . . . . . . . . . . . . .+ . . . . 37
FPR Frequency Function . . . . . . . . . « . . . . . 88
FPR Probability Function e e e e e e e e e e e e . . 89
FPR Probability Function Segment . . . . . . . . . . . . 40
Inéput Deck Setup . . . « +« . .+« + + + + + +« + + + .« . 43

LIST OF TABLES

Title Page

Parameter-Contribution Equations and Method-of~
Computation Numbers . . . . . . . « . .+ « .+ .+ .+ .« . 8

Parameter-Controlled Input . . . . . . . . . . « . .+ .« 32



L] T R .

GD| C-BTD65-176

SECTION 1
INTRODUCTION

A Monte Carlo method is essentially a sampling method for studying an artificial
stochastic model of a physical or mathematical process. Systems of equations whose
solutions are not readily obtainable by standard numerical techniques often may be
handled by a stochastic process involving parameters that satisfy the equations.
Often a judicious application of the physical model is made enabling one to circum-

vent the functional equations entirely.

The evaluation of Flight Performance Reserve (FPR), which is the fuel required to
be held in reserve to provide for mission success under non-nominal flight operation,

may be handled effectively by the above technique. The functional equations that

describe the fuel reserve requirements are simply the multi-degree-of-freedom

equations of motion for a powered vehicle. For more than a few parameters, the
cost of such a direct approach quickly becomes prohibitive. Precision numerical
solutions to such equations are generally limited to near-nominal conditions for all

variables,

The physical model is, briefly, vehicle performance measured by burn-out weight at
specified injection conditions, which is somewhat loosely related to a number of ve-

hicle parameters.

Performance expressed as burn-out weight (WBO) is

cee, ) (1)

W_..="P , O,
(a1z n

BO

where the form of the function P is arbitrary and the a's are vehicle-related param-

eters that influence performance capability.

Historically, FPR has been computed by an RSS technique which assumes independence

of variables. That is, given a set of parameters p cee, pn and their associated

sy Py
1" "2
independent changes in the vehicle's performance 6p X 6p2, cee, 6pn, then
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_ 2 2 . 2
(30) FPR —\/Gpl +6p2 + +6pn (2)

which ignores any covariant contribution to the calculation. Of the parameters tradi-
tionally used to determine FPR (those which contribute significantly to performance

changes), many are clearly dependent. This apparent contradiction, coupled with the
desire for a flexible tool to quickly evaluate the contributions of parameter variations

to FPR, provided the stimulus for the creation of the Monte Carlo FPR program.
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SECTION 2
BASIC EQUATIONS

The basic equations for the FPR analysis are derived from a performance function P

which is configuration- and mission-independent.
Let

P = P(°‘1’°‘z""’°‘n) (3)

represent some vehicle's performance as a function of the n variables ai. These are
arbitrary, but in total should be comprehensive in depicting any significant perform-
ance changes. Equation 3, then, is an explicit representation of performance meas-

ured as injection weight into a specified orbit.
- Therefore, the change in vehicle performance, dP, is

oP 3P oP oP
= e—— + —— 4+ s 00 4 —— = ——

dP = o 9% *3a 9% sa. 4% .Z_ s, 9% (4)
1 2 n i=1 i

which holds whether or not the ai's are independent.

Generally, Equation 4 is not evaluated directly since there may exist r relations of

the form

@(al,a e ) =0 (5)

2’ k)

correlating the variables considered.,
Theoretically, it is possible to solve for the r a's in terms of the other (n-r) &'s so
that
n-r__1
3P
dp = 3, dar, (6)

=1 9%
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where the function P1 contains only independent variables. The difficulty associated
with a concise formulation of the functions (Equation 5) is evident, necessitating a

simplified approach.

The technique used to evaluate changes in vehicle performance, dP, corresponding
to variations in the paramet\er values, do, is to use Equation 4 with the selection
procedure for the dozi modified to account for interdependence of the a's. (Other-
wise, Equation 6 could be used directly with the selection of dozi completely random.)

Also, the function P is approximated by a related function f.

The analysis, then, involves the computation of the quantities

£ £ n 3

24P =33 ——da, (7)
; o, i
i=1 i

and
2 L n
2 _ >f 2
Yap? =% 1:):1 o dais @)

where £ is the number of iterations required for a given confidence in the statistics.

It can be shown that the parent distribution associated with the above method will be
approximately normal regardless of the individual variable distributions. Therefore,
the mean, m, and standard deviation, s, of the vehicle's performance subjected to

the ranges of the & variations are given directly by

m = 271> AP 9)

and

s = \/1&'1}: IN (10)

The associated standard errors are

o2 (m) = s247} (11)
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and
2 2 -1
o (s) = s (24) (12)
where the parent variance is estimated from the sample variance.

When applicable, parameter variations are selected by a random process from pre-
established distribution functions. Generally, these distributions will assume a
Gaussian form (often for lack of a more descriptive function). Any distribution may,

nevertheless, be specified for any of the n parameters considered.

Let R(A, v) be a random variate from some distribution with parameters A, v. For

a Gaussian distribution, A and v are the mean and standard deviation respectively.

Also, let cri be the standard deviation of the ith parameter's variation. Similarly,

.th th

Oij is the standard deviation of the j** variable associated with the i~ parameter.

Table 1 in Section 3 presents the methods presently used in determining the da's.

5/6
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SECTION 3
THE COMPUTER PROGRAM

This program is used to compute the overall performance of a system where each

subsystem's contribution can be selected on the basis of a random number technique.

The random numbers used in this subsystem contribution simulation are normally dis-

tributed with the assurance that !RI s 3.0.

The Flight Performance Reserve study for which this program was developed has 39
subsystems or parameters, each assigned a mean and standard deviation if applicable.
There are 14 separate methods used to compute the contribution of the parameters to
the final results. These contributions are referred to as dai's. The method of calcu-
lating each subsystem's do; is assigned in the subroutine BLOCK DATA. Tablel is
a list of the dai's with their specific equations and method-of-computation numbers.

The program presently has the capacity to study 200 parameters, each with 10 subgroups.

After the dai's are computed for each parameter, each d0ti is multiplied by its corre-
sponding partial derivative. The scheme for selecting the partials is as follows: If
do; is negative, the partial selected is the value of the first dependent variable; if

dai is positive, the partial selected is the second dependent variable, With a minor
program change, a capability can exist to linearly interpolate and extrapolate for each

partial, using dozi as the argument.

Figure 1 is a generalized flow chart of the computer program, and Figure 2 is a more
detailed one. The definition of words used in Figure 2 can be found in Section 3.1,

Input variables, and Section 3.3, Variables Used Within the Program.

There is an option to generate plots of the distributions compiled by each case considered:
the frequency function, the cumulative function, and an enlargement of the cumulative
function between the 95th and 100th percentiles. Figure 3 is the flow chart for the plot~
ting package.
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Figure 4 is the flow chart of the random-number generator.

The program, then, consists of four parts:

START (FORTRAN IV)

BLOCK (FORTRAN IV)

FQPLOT (FORTRAN IV)

RANDOM (MAP)

Although this program was developed with a particular study in mind, if one or more

of the 14 methods of treating parameters would suit a potential users simulation, all

that need be done to adapt the program for another simulation is recompile BLOCK

DATA by assigning each parameter to the desired method of calculation.

random numbers can easily be made to assume any distribution desired.

Further, the

‘Table 1. Parameter-Contribution Equations and Method-of-Computation Numbers

METHOD
da PARAMETER EQUATION NO.
COMPONENT WEIGHT DATA (DRY)
doz1 Booster dal =R (0, 01) 1
da Sustainer and Inter- da, =R (0, 0, ) 2
2 2 23
stage Adapter
=R (0,
dag = R(0,0'zl) + R(0’022)
da3 Centaur doz3 =R (0, 03) 1
da 4 Nose Fairing da 4 =R (0, o 4) 1
da5 Insulation Panels dct5 =R (0, 05) 1
BOOSTER FLIGHT EXPENDABLES
doa Fuel Weight
6 2
Fuel Density SUBSUM = 3 R (0, 0y ) 1
i=1 L
dag =SUBSUM - NFTV
1
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Table 1. Parameter-Contribution Equations and Method-of-Computation
Numbers (Contd)

METHOD
da PARAMETER EQUATION NO.
AFD = NBFD + SUBSUM
Probe Location doz6 =R (0, Og )
2 2
Surface Level doz6 =R (0, Og )
Variation 3 3
Tank Pressure da6 =R (0, Qg )
4 4
Tank Volume da6 =R (0, O )
5 5
5
Tanking Level da, = [E dag +R (0, Og )| * AFD
6 i=2 i 6
+da
61
3
Ground Expended dag =2 R (0, Og_ )
7 =1 7i
Sustainer Thrust dag =R (0, 0¢ )
Decay 8 8
Then,
i
da, = da, +do, +do
6 6g 67 68
da7 Fuel Density da7 = SUBSUM 3
da8 Oxidizer Weight 9
Oxidizer Density SUM81= ). R (0, og, ) 2
i=1 1
dt)t8 = SUMS81 » NOTV
1
AOD = NLO2D + SUMS1
Sensor Location de; =R (0,0
8, 7% (0:9,)
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Table 1. Parameter-Contribution Equations and Method-of-Computation
Numbers (Contd)

Sensor Sensitivity

Sensor Location

Surface Variations

Density

do =R (0, 0 )
101 101

do,, =R (0, 0, )
10, 10,,

10)

da,, =R (0,0
10, 3

DEND =R (0, 0 » NLH2D

)
10,

da104 = DEND » NLH2V

10

METHOD
do PARAMETERS EQUATIONS NO.
Surface Level dth8 =R (0, 08 )
Variation 3 3

Tank Pressure dag =R (0, 0g)

4 4
Tank Volume da8 =R (0, 0, )
' 8

5 5

5

Tanking Level dag ={ 22 de; +R (0, 0g )| »AOD

6 i=2 6

+ do

81
4

Ground Expended da8 = Z R (0, og_))
Thrust Decay dag =R (0, Og )

8 8

Then,
da8 =dag +dag +dag
7 8
do 9 Oxidizer Density dag = SUMS81 3
CENTAUR FLIGHT EXPENDABLES
do 10 Fuel Weight 2
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Table 1. Parameter-Contribution Equations and Method-of-Computation
Numbers (Contd)

METHOD
do PARAMETERS EQUATIONS NO.
Tank Volume da;, =R (0, 010 ) (NLH2D + DEND)
5 5
__ t
Tank Ullage dtyg = (R ooVt o, ) -1.865)
(NLH2D + DEND)
Then,
6
dalo = EdalO.
i=1 1
da 1 Oxidizer Weight 2
Sensor Sensitivity dalll =R (0, 0111)
Sensor Location dozl12 =R (0, 0112)
Surface Variations da113 =R (0, 0113)
Density DENDO =R (0, 0y, ) « NLO2D
4
da;; =DENDO » NLO2V
4
Tank Volume da.. =R (0, 0,, ) » (NLO2D + DENDO)
115 115
Tank Ullage da;; =- [R (, 0116) -1.77] * (NLO2D
6
+ DENDO)
Then,
6
dall = .Z dall.
i=1 1
do 12 Booster Jettisoned Residuals 2

Trapped Fuel

T Mean Fuel Ullage Volume

da., =R (0, 0

)
12, 12,

11
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Numbers (Contd)

Table 1. Parameter-Contribution Equations and Method-of-Computation

METHOD
do PARAMETERS EQUATIONS NO,
Trapped Oxidizer dcz122 =R (0, 0122)
Lube 0Oil d01123 =R (O, 012 )
3
Helium da124 =R (0, 019 )
4
Then,
4
i=1
do 13 Sustainer Jettisoned Residuals 2

Trapped Fuel
Trapped Oxidizer
Lube 0il

Helium

Nitrogen

GOZ in Tank (Flight)
GO_ in Tank

((?round)
PU Bias

dota =R (0, 044 )
131 131
da;a =R (0, Gqq )
132 132
doyg =R (0, 075 )
3 3

do., =R (0,0,, )
134 134
dayg =R (0, 05 )
5 5

6 6

da137 =R (MGO2TG )

da138 =R (SPUB*, 0)3)
Then,

8
de, = > da o

i=1 1

T Mea-; GO2 in Tank - Ground

* Sustainer PU Bias

12
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Table 1. Parameter-Contribution Equations and Method~of-Computation
Numbers (Contd)

METHOD
PARAMETERS EQUATIONS NO.,
Centaur Jettisoned Residuals 6
Trapped LO, da141 =R (0, 0141)
Trapped LH2 da14 =R (0, 014 )
2 2
GO2 in Tank da143 =R (0, 0143)
GrH2 in Tank da144=R(0,014 )
4
H202 Weight da145 =R (0, 0145)
Helium da146 =R (0, 014 )
6
Ice and Frost da147 =R (0, 0147)
PU Without end effect (MPURES = 1)
do =R (0,0,, )
148 144
da148 <-MU 14(8) ?
Yes |[RES =1

da148 = ~-PUSET + (da148 + MU 14(8)) -MU 14(8)

No |RES =0
With end effect (MPURES = 2)

d"‘148 =R (0, 14

R2 =R (0, R2) = HBPDIS

HBP = HBP + R2 - TLH2 + da
142

R3 =R (0, R3) = LBPDIS

13
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Table 1. Parameter-Contribution Equations and Method-of-Computation

Numbers (Contd)

do

PARAMETERS

EQUATIONS

METHOD
NO,

LBP = LBP +R3 - TLO2 + d0£14
1

CPUB = MU14(8)

dajy, < -(CPUB - SUBIAS) 7

Yes| R4 =R (0, R4) * PUSET » 04
8

No

]

(w Lt &)2) « VLVLAG » (PUSET-MINSET)

(MR +1.0) » 2.0 «» HBP
+ MINSET

dayy =R4 - (CPUB-SUBIAS) « PUSET

Yes doz14 =da14 + LBP - MR+HBP

No |da., = LPB - MR+*HBP

da148 >0,0 ?

No Ida148 = -da148/MR

MR =

MR (@ - Zoz) VLVLAG » (PUSET-MAXSET)

2.0 « LBP » (MR + 1.0)
+ MAXSET

dal48 = dal48 + CPUB - SUBIAS

doz14 >0.0 ?
8

14
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Table 1. Parameter-Contribution Equations and Method-of~Computation
Numbers (Contd)

METHOD
do PARAMETER EQUATIONS NO,
No | Yes da148 = da148 - CPUB + HBP
- (LBP/MR)
dt)z14 20,0 7?
8
No|dag, = ~day, + R
No |dey, =HBP - (LBP/MR)
148
da 20,0 ?
148
NOIda14 = ‘da14 « MR
8
de , = }: d°‘14i
i=1
CENTAUR VENTING
da15 Ground and Inflight da15 =R (0, 015) 1
LH
2
doz16 Ground and Inflight da16 =R (0, 016) 1
LO, _
doz17 Coast da17 =R (0, 017) 1
BOOSTER PROPULSION
doz18 Boost.:er Mixture dals =R (0, 018) 1
Ratio
= +
doz19 Booster Thrust doz19 B +R (0, 019) 7
=IB +
dazo Booster ISP dazo IB+R (0, 020) 8
dazl Sustainer Mixture d0121 =R (0, 021) 1

Ratio

15
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Table 1. Parameter-Contribution Equations and Method-of-Computation
Numbers (Contd)

METHOD
do PARAMETER EQUATIONS NO.
. _ +
da22 Sustainer Thrust da22 TS +R (0, 0‘22) 9
. = +
da23 Sustainer ISP dOt23 IS+R (0, 023) 10
dOt24 Vern%er Mixture da24 =R (0, 024) 1
Ratio
. - +
da25 Vernier Thrust da25 TV + R (0, 025) 11
. STV +
da26 Vernier ISP da26 IV+R (0, 026) 12
CENTAUR PROPULSION
dOt27 Thrust LOXRES = MU14 (1) +day4 + MU14 (3) 13
1

+ do
14
3

LOXVNT = MU16 (1) +da,

RES=0 ?

No | LOXRES = LOXRES + dOt14
8

LOXAVL = MU11 (1) +d@;; - LOXRES
- LOXVNT
LH2RES = MU14 (2) +da;, + MU14 (4)
2

+ da
144

LH2VNT = MU15 (1) +da__

RES=1 ?

No | LH2RES = LH2RES + da;
8

LH2AVL = MU10 (1) + daqg - LH2RES
- LH2VNT

MR = LOXAVL/LH2AVL
16
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Table 1. Parameter-Contribution Equations and Method-of~Computation
Numbers (Contd)

METHOD
da PARAMETER EQUATIONS NO.
DTE1 =R (0, 0,,)
DTE2 =R (0, Oyr)
DIE1 =R (0, 0,,)
DIEZ =R (0, 0yr)
w1l = (THNOM+DTE1)/(ISPNOM+DIE1)
w2 = (THNOM+DTEZ2)/(ISPNOM+DIE2)
dag7 = DTEL + DTE2 + (2.0 * [THNOM
- MU27(1)])
dayg | Specific Impulse (ISP) dayg = [dagy +2 MU27(1)]ALL + &i2)
- MU28(1) 14
dagg | Thrust (Burn 2)
dag, | ISP (Burn 2)
da31 Thrust (Burn 3)
d -
32 | ISP (Burn 3) Set = 0.0 4
doz33 Attitude Control
(Coast 1)
doz3 4 Attitude Control
(Coast 2)
dO£35 Atmosphere dagg =R 0, 1) 5
da% Launch Azimuth 2

Null Voltage

Roll Gyro Torqu-
ing Rate

Time Uncertainties

do,. =R (0, 0g )
36, 36
dags =R (0, 04 )
36,, 36,

daa, =R (0, Gap )
36, 36,

17
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Table 1. Parameter-Contribution Equations and Method-of-Computation
Numbers (Contd)

METHOD
do PARAMETER EQUATIONS NO.
Allowed Tolerance da364 =R (0, 0364)
Then,
4
dag, = Zlda36i
1:
doz37 Pitch Program 2
Voltage-Time dagy; =R (0, O3y )
Integral 1 1
Gryo Torquing dag, =R (0, 04, )
7 37
Rate-Voltage- 2 2
Time Average
Inverter Voltage da373 =R (0, 0373)
Inverter Frequency dc>z374 =R (0, 0374)
Then,
4
det,, = iéjldct37i
da38 Drag Force da38 =R (0, 038) 1
da39 Wind Profile da39 =R (0, 1) S

18
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ZERO INPUT RETURN FOR
AREA NEXT CASE

f

24

GINERATE
PLOTS IF
DESIRED
ZERO WORKING i
STORAGE AND
REARRANGE INPUT COMPUTE MEAN,
STANDARD DEVI-
L ATION, PRINT
N
LOOP NO_/HAVE ALL ITERATION

} BEEN COMPLETED

ZERO STORAGE
DEPENDENT ON d DELP = DELP - SUM
ITERATION DELPSQ = DELPSQ - SUM™
SET UP LOOP FOR COMPUTE SUM FOR
NUMBER OF THIS ITERATION
PARAMETERS NPARA of
- 3
l SUM = rzl dey —‘;(_’11
CHOOSE METHOD t
OF CALCULATING <%
THIS PARAMETER COMPUTE THE PARTIAL
DERIVATIVE FOR EACH
L PARAMETER
COMPUTE do; FOR 4 —
1 19000 YES
THIS PARAMETER
ASSURING ANY RANDOM NO HAS dai FOR ALL
NO, GENERATED PARAMETERS BEEN
iRl 3,0 CALCULATED

L

Figure 1. Generalized Computer Flow Chart

19



GD| C-BTD65-176

(¥ 3o T 109yg) 1aIBYD MOTJ PO[rEIed T INn3Tg

(U0
00€T
002t
001t
0001
006
008
00L
009
00s
00¥
00g
002
001

Ol 0D

R
o

- T n © D

"
=
=

WMIOTIH ANLLAOYY 1S
NI L3S ST AYTVA

SLI *NOLLONAA £

SIHL ONILAdWOD 40
GOHLAW JHL SI T'1

i

(PIVON="TT |

1 ADVSSHIIN dVHLXY LNIHd

aw A

6ed ATAVL

00 = (p)1d1d
[=f

0°0 = W1SENS

woud
W) 141003 = 33d JAISLA0 () 441d J ON

CRGAAN AC/

[ 3

070 = 00X01
Al

IT=7

=1

0°0 = BSdTId
0°0 = 47134

0=s34
1-1=MWN

VHVIN'I
5

1+I=]

S2

(1'% NVIW LOdNI = CDNVIR
(1°3) AZALS LNdNI = (T)AdAls

(M) 141@)3= T3d

(1 d41a + (09)441d = (011410

VUVdAN ‘T=1] 1=3
() 4410 LNIud

0°0 = KOS

[}

00T-UILIN

0°¢z +leVd41a

v

ddad s G} 1410
4+ WS = KAS

VHVANY

mE: hmutzvi_:m FzE;_
e |

L

WIS+ 08d 13U
¢ =dsdT4d
K1 + d13d

= d14a

Y
qo“._.c\wﬁm gum = ‘/.MC‘/._\_

L

<
L+rar Tdmégz%vl 1+ 1=1

1+ (X3ANDDIYLdA

00061

66681

= (XAANDDIUALA

STVILYYd

J3LLO71d 39 OL
AVHUV VAT

RUMRRRRS S A Y
‘rasnd

CTAMLXT “TAMLAL
UAWIYd ‘NHNEN
‘YALIN ‘VHVAN

P
‘SNOILYIATA
AUVANVLS)
‘avay
WLNdNL, T1VD

‘ITLIL :avdy
*.LNdNL. INLLIOY
WALSAS T1VO

10144
T1V0

TILLL NVA - HALIN/DS8d13d
UILIN 4
vavdn = VIKOIS
VIDIS YALIN/AT4d = NY3I
NVAK
*LNIHd

SAAILYAINAA
IVILYVd ANV *SNOIL
< -VIAZU GUVUNVIS |-
‘SNVINW HO4 VAUV

LN HVATO

=
~
i)

WNDOTH.
INILIOYENS VIVA-ND0Td
NI dNl 14S SI NOLLONQA
HOVA NI Sd20UDHAS 40
HAGWIAN ANV “SNOLLINA
‘ONILVTADTVD 40 QOHLHIK

e AT AN .
ATaVL HAGWIAN WOUNVY TUVLS IKVHOOHd NIVIK

20




FORLL -1

(PRIMER, ANS)

FOR LL =2

CALL
NORAD
(PRIMER, A}

210

DIFF{J) = DIFF
+ ANS * SGB71(E

K:3




[ANS| :3.0)— DIFF &) = ‘ o
P ANS » STDEV (L) To
13999
>
————
CALL
- NORAD
5 2% R Y (PRIMER, ANS)

lans] : 3.0

< <
215
SUBSUM = SUBSUM DIFF(J) = DIFF(J)
+ ANS *SG61(K) + ANS * SG87I(K)

>>_

18]

£

‘<

—.1' K=K+1 l

DALS61 = SUBSUM + NFTV
AFD = NBFD + SUBSUM




200

N -1
NLOOP = NGP{J))

-/ WHICH GROUP
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AND SUBGROUP
IS THIS

CALL
NORAD
(PRIMER, ANS)

DIFF(J) - DIFF (J)
i, ANS#*STDEV

WHICH GROUP
AND SUBGROUP
IS THIS

260

NORAD

(PRIMER, ANS)

A

219

SUMS1 - SUMS1
+ANS *SG811(K)

DIFF(J) - DIFF(J)
*AFD + DAL61

DIFF(J) = DIFF(J)
*AOD + DALS1

DALS81 - SUM 81 #LXTKVL
AOD = NLO2D + SUM81

ALL
OTHERS

A
»| L=L+1 <

> [*

CALL
NORAD
(PRIMER, ANS)

CALL
NORAD
(PRIMER, ANS)

DEND = (ANS # STDEV(L) *NLH2D)
DIFF(J) = DIFF(J) +DEND *NI.H2V

DENDO = ANS *STDEV(L) ¢ NLO2D
DIFF(J)) - DIFF(J)+DENDO *NLO2V

CALL
NORAD
(PRIMER, ANS)

CALL
NORAD
(PRIMER, ANS)

DIFF(J) = DIFF(J) + ANS
*STDEV(L+1) *(NLH2D + DEND)

DIFF(J) = DIFF (J) + [ANS
.STDEV(L+1)] «(NLO2D + DENDO)

CALL
NORAD
(PRIMER, ANS)

CALL
NORAD
(PRIMER, ANS)

DIFF(J) = DIFF(J)- [ANS
e STDEV(L+2)-1.865] #(NLH2D + DEND)

DIFF(J) - DIFF(J) - [ANS
*STDEV(L+2)-1,77}#(NLO2D + DENDO)

Figure 2. Detailed Flow Chart (Sheet 2 of 4)

L L+3 I:
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FORLL =3

FORLL =4

(PRIMER, AXS)

FORLL =6

600
NLOOP =

NGP(J)

MR = {[MR » (W1 - W2)

*VAVLAG*

(PUSET-MAXSET)]
/ [ 2+LBP «(MR-1)]}

-MAXSET

A 4

SVDIF(8) =
SVDIF(8) -

CBUB - SUBIAS

DIFF (J)

SUMR1

100

I DIFF (J) = 0.0

ANSM DIFF (J) - ANS

>
CALL FOR THIS
NORAD SUBGROUP
PRIMER, ANS) SVDIF (N)
ANS *STDEV,
>
620 605§

NLOOP

DIFF(J) - DIFF (J)

SUBGROUPS - SVDIF(N) ‘
COMPUTED L=L-1
[ )
. YES
RES = 1 SVDIF(8) : \ -1 y__
SVDIF (8) = < MUI4E) MPURES
-PUSET [SVDIF(8) —
- MU14(8)] MU14(8) =2
) 4
> SVDIF (8): HBP - THBP - (R2¢HBP
CMS ~SVDIF(2)
< LBP - TLBP - (R3+LBP
¥ +SVDIF(1)

MR - {{(W1 - W2)

*

VLVLAG=

(PUSET-MINSET)}
/ [MR-1)»Z+HBP]}

MINSET

CPUB = MU14(8)

CMS - -(CPUB - SUBIAS

SVDIF(8) - R4-(CBUP-SU1

v - SVDIF () = SVDIF(N) Y
- (¥) = SVDIF(N o
@s ~CBUB - HBP - (LBP/MR) @L’i
< <
L ] L 4
SVDIF(8) = . SVDIF(N) = SVDIF(N):0 SVDIF(B_) =
HBP -(LBP/MR) -SVDIF(N)«MR LBP-(XR+11B
v 636 ¥ 4
DIFF(J) -
; DIFF(J) 5
SUDIT(3)
SVDIF (3)

-SUDIF(:)* MR

SVUDIF(~)
-SVDIT(~) MI

e

[

o SVDIF() SVDIN()  Liy




FOR LL =7

FOR LL =8

800 CA
- NO
SET 1B (PRIME

FORLL -9

FOR LL = 10
18) - TLH2
1000

18) - TLO2

FORLL 11
AS)*PUSET -

FOR LI. - 12

1200

—J " 7]

]
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SALD

ORAD —

MER, ANS) [ANS|: 3.0
>

MER, ANS)

TB - {ANS « STDEV (L)}

DIFE (3)

»

DI¥Y (J) =
1B+ (ANS*STDEV (L))

GO
TO
18999

DIFF {J) =
TS - [ANS*STDEV(L)]

GO
TO
18999

L IS : [ANS *STDEV (L))

DIFF (J)

GO

18999

DIFF () =
TV - (ANS «STDEV (L))

DIFY (J)
IV - (ANS*STDEV (L))

2. Detailed Flow Chart (Sheet 3 of 4)
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FOR LL =13 1300
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LOXRES = MU14(1) + SVDIF (1)
- MU14(3) + SVDIF (3)
LOXVNT = MU16(1) - DIFF (16)

LH2RES = LH2RES
- SVDIF (8)

1315 ¢

Y

LHZAVL = MU10(1) + DIFF(i0)
- LH2RES - LH2VNT
AVMR = LOXAVL/LH2AVL

Y

DTE1 =
ANS *STDEV (L)

(PRIMER, ANS)

1325

NORAD
MBIMER, ANS)

#
RES: 1 LH2RES = M14¢2) + SVDIF (2)

# LOXRES = LOXRES
— - SVDIF (8)

\ 4 1310 y

LOXAVL = MU11 (I} - DIFT (11)
-LOXRES - LOXVNT

-MU14(4) - SVDIF (4)

LH2VNT = MU15(1) ~ DIFT (15)

TALD
TABL IF INTERP
THNOM = | FAILED SET
{(AVMR) THNOM = 0,0
1319
IF INTERP
FAILED SET

ISPNOM =
ISPNOM = 0,0

{(AVMR)

CALL
NORAD
(PRIMER, ANS)

DIE 1 =
ANS *8G25(1)

DTE2 =
ANS +STDEV (L)

(PRIMER, ANS)

>
DIE 2 = o
ANS *SG28(1) el WI1DOT - THNOM - DTE1
ISPNOM + DIE1
THNOM + DTE2
W2DOT =
GO DIFF (J) = DTE1 - DTE 2 | ISPNOM - DIE2
TO - 2*(THNOM ~ MU27(1)
18999
FORLL =14 1400
DIFF (27) + 2xMU27(1
DIFF (J) = [ &n { )] - MU28 (1)
WI1DOT + W2DOT

Figure 2. Detailed Flow Chart (Sheet 4 of 4)
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3.1 INPUT VARIABLES, The input variables, Figure 5, are defined in the following

paragraph. (The names of the variables are compatable with the nomeneclature used in

Report GD/C-BTD65-143 where possible.)

TITLE=120H FPR FREQUENCY FUNCTION ® 10000 [TERATIONS @ 9-30-65
FPR PROBABILITY FUNCTION ® 10000 ITERATIONS #*# 9-30-65 .
NPARA=39,
NITER=1000G0. PRIMER = $21353671%425
PLOT = 0
F(l)= =30e0¢ 30«0 0741 20328 1
~69e00 690+ +e0932. +0874.
~59e0+« 5G40 «9385. e 9196,
~75¢0e 75400 006814 e 0810, 4
-48¢00 4840 « 0609 20548, 5
~847+0 847404 -¢0288. ~e0181 6
—e55. «55 -36e13a2, ~16¢140S. 7
-~ 1269400 126940, ~20123, -e 0087, 8
—e4635. 04635, -46,9105, =3647873+« 9
=373.0 47040, -e 0755 ~e0709 10
Fras)= -87.0. 87404 <0703, ©0690, 12 RECORD
-259.0, 27640+ «1099. «10660 13 BLOCK1
~100e0e 100600 1e0e 1e0o 14
F(69)= —e023, «023. 67740043, =11213739 18
=300040s 300040, ~e004., —e 004 19
~2eb0 2el0 —-1868711., ~18e695¢ 20
F(8S)= —855.0, 8550 « 0091 00092 22
~2e8¢ 2e8» -15.421 -1540036. 23
P(105)= —~424,0 a428400 - 0035 ~e01l1l4a.; 27
~3e54. 3054, —-2549483. —2549252¢ 28
F137)= 3400 =30 73709 663237 35
2400 200 -4 e4804 s 346507 36
~5400 Se00 ~11e25406 ~5e6079 37
—Sele Se0¢ 20139 20978, 38
P39= =360 QeCo el ~eD767« ~11+4989. ~248836 39 CASE
MU10=5056,4+ 1
MUilx 2503Se+
MUI4(B)=9400
MU2721501186
FUSET=zS540,
NFTV=1500e¢ NOTV=2S500a+¢ NLH2D= 4,22+ NLH2V= 1254017« NO2D= 68478+
NLO2V= 36%¢1¢ NBFD= S04¢ NBODz 68478
MU2B = 432,26777+
MPURES =2,
L3PDIS=1143333, LBP=1001¢0¢ TLO2268¢0¢ HBP=261e0s TLH226640+
SUBIASE 9,00 + VLVLAG = S5¢0¢ MAXSET = 5,55, MINSET = 4439.HBPD1S5=243333,
SG1= ]0s+ S5G3=20ee¢ SGA=2Ses 5G5%164e.
5G2 16666+ 1663333,
SGO6Z De00e81061408666+¢766660¢666664+¢0+2600
SG7= o017y SGB= 0600053334¢583333444¢2e08334148666+0e0¢3e00 RECORD
5G9= 414, 5G1C = les les les o201 v 422167 o 14095 . BLOCK 2
SGI1= 1lee lles Ses ¢003333 o+ 1425333 eB1666+ SG12= 1769 2301600800
SG13= 2040 526 240 209 lov 2o+ 84.0:41:66666:060¢
SG14= les lee 126v Ses Ses Oee 4es 8433333,
SG15x448¢ SG165960
SG18 = 4008+ SG19 = 1000es SG20 = oBs SG22 = 285es S5G23 = o9
SG27=70466666s SG2B=1,66666+ SG3IS5=]1,40s
SG36 = U7+ e42¢ 404+ oSle SGIT = ¢33+ 083+ 1al7s 754
SGO1I= +15¢ o104
S5GB11= o0Se ¢13666.
SG671 21646666¢284666616+6566.
5G871 26606666+5040:6563333¢1060»
SG3B = 1e7¢ 5G39 = 1o @ BLOCK 1
MUIO = S04040e¢ MU14(8) = 2540 * CASE 2

*

BLOCK 2 {

MULI0 2 S02060e¢ MULIG(B) = 45.0 *

BLOCK1 ¥
CASE 3

BLOCK 2 i

Figure 5. Sample Input
The names of the input variables are defined as they appear in Figure 5.
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Record Block 1

TITLE - One hundred and twenty columns of alphanumeric information. The
first 60 columns are used as a title on the plot of the frequency function. The

last 60 are used as a title on the plot of the cumulative function.
NPARA - (Integer). The number of parameters.

NITER - (Integer). The number of iterations in the Monte-Carlo simulation

(NITER < 32,468).
PLOT - (Integer). If set nonzero, plots will be generated.

PRIMER - A 12-digit octal number. The first value used by the random-
number generator. The first digit must be either a 0, 1, 2, or 3. The last

must be a 5. On the data card it must be preceded by a dollar sign ($).
(The remaining input items in Record Block No. 1 are all floating point numbers.)

P - Partial derivatives (4 e« NPARA values). These are entered as a block of
numbers with four values per parameter, The index for the first independent

variable for a particular parameter is
N = [(Parameter No. - 1)e 4] +1

MU 1 through MU39 - The mean of each parameter. Each parameter can be

composed of 2 to 10 subgroups. If one wished to assign a mean of 50 to the

eighth subgroup of parameter 10, the input would be MU10(8) = 50,.
NFTV - Nominal booster fuel-tank volume.

NOTYV - Nominal booster-oxidizer-tank volume.

PUSET - Nominal propellant-utilization mixture-ratio setting.

NLO2V -~ Nominal LO2 volume.

NLO2D - Nominal LO2 density.

NLH2V - Nominal LH2 volume,
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NLH2D - Nominal LHz density.
NBFD - Nominal booster fuel density.
NBOD - Nominal booster oxidizer density.

P39 - Partial derivative for the 39th parameter. Three independent variables,
then the three dependent variables.

Record Block 2

SG1 through SG39 - The standard deviations for each parameter. Each param-

eter can have up to 10 subgroups.
SG61I = Standard deviation for da61 .
i

SG6TI - Standard deviation for doz67 .
i

SG811 - Standard deviation for dtzts1 .
i
SG87I - Standard deviation for da 8 *
i

SUBIAS - Amount of PU bias below LH, probe.

VLVLAG - Average time required for the PU system mixture control valve to

travel from its position to minimum or maximum stops.
MAXSET - Maximum PU system mixture-ratio valve setting.
MINSET - Minimum PU system mixture-ratio valve setting.
HBP - Hydrogen below the probe.

HBPDIS - Dispersion associated with HBP,

LBP - LO, below the probe.

LBPDIS - Dispersion associated with LBP.

MPURES - (Integer). Method of computing PU residuals, = 1 without end
effect; = 2 with end effect.
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3.2 OUTPUT. Normal output consists of the mean and standard deviations for each

case.

For debugging purposes, if NITER is set equal to 100, the NPARA values of the dai's
are printed for each iteration, and the sum of

NPARA

df
da

ioa,
. i
i=1

for each iteration is also printed.

If the option to generate plots is exercised the distributions compiled by each case

considered will be plotted.

3.3 VARIABLES USED WITHIN THE PROGRAM. A brief explanation is given here

of each name used in each routine and its type of dimensioning if appropriate (e.g. s

a doubly subscripted array would be represented as ABC (N, N)) .
.Input variables are not included in this section (see Section 3.1).

Main Program Start

AFD - Average fuel density (Atlas).

ANS - The random number supplied to START from subroutine RANDOM.
AOD - Average oxidizer density (Atlas).

CPUB - MU14(8).

CMS - -(CPUB-SUBIAS).

DAL61 ~-SUBSUM + NFTV.

DALS8] - SUM81= NOTV.

NITER /NPARA 5t

DELP - of
Z Z B0y do,

i=1 k=1 !
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DELPSQ - DELPz.

DEND - Fuel density dispersion (Centaur).
DENDO - LO2 density dispersion (Centaur).
DIE1 - Dispersion and ISP for Engine No. 1.
DIE2 - Dispersion and ISP for Engine No. 2.
DIFF() - dai, NPARA values, NITER sets.

DPFREQ(N) - Frequency of occurance of values of SUM over NITER
iterations. This array is for plotting.

DTE1 - Thrust dispersion for Engine No. 1.

DTE2 - Thrust dispersion for Engine No. 2.

DUMSD (M, N) - A dummy array equivalenced to input standard deviation

array for generating STDEV array.

FM - Final value computed for the mean after NITER iterations (output).
FNIT - Floating point value for NITER.

IB - Booster ISP.

INDEX - Integer value for SUM used as an index to compile DPFREQ.
IS - Sustainer ISP.

ISPNOM - Thrust/flow rate.

IV - Vernier ISP.

I - Index in iteration loop.

J - Index of NPARA loop.

K - Index used for small loops within the program.

£ - Index for standard deviations.
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LH2AVL - Liquid hydrogen available.
LH2VNT - Liquid hydrogen vented.
LH2RES - Liquid hydrogen residual.

LL - Value set in BLOCK DATA to determine which of the 14 methods a

particular function uses.
LOXRES - LOX residuals.
LOXVNT - LOX vented.
MR - Mixture ratio.

N - Index controlling the number of subfunctions for each of the NPARA

functions.
NLOOP - Number of subfunctions in each function. NLOOP = NGP(J).

PEE - Table look-up value for partial derivatives. PEE ={f (DIFF).

RES - Set nonzero if d0‘148 < ”148.

STDEV(N) - A packed array of the input standard deviations.

SIGMA - Final standard deviation (output).

NPARA 5f
SUM - E — de«, .
roYes k
k
=1
2
SUBSUM - Z doz61 .
i
i=1

2
SUMS1 - z: dorg .
1

i=1 i

SVDIF - Array of da for Function No. 14.
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R2 - The random number associated with HBPDIS.

R3 - The random number associated with LBPDIS.

R4 - The random number associated with LH2 probe uncovery.
THNOM -~ Norpinal thrust.

TB - Booster thrust.

TS - Sustainer thrust.

'TV - Vernier thrust.

WIDOT - Flow rate for Engine No. 1.

W2DOT - Flow rate for Engine No. 2.

MRBAR - Mixture ratio associated with LO, probe uncovery.
MRDBAR - Mixture ratio associated with LH2 probe uncovery.

Subroutine BLOCK DATA

NGP - NPARA values giving the number of subfunctions within' each function.
NCALC - The method of computing each function.

TICEN - A table of nine values used in computing THNOM and ISPNOM.
TABLE - Five hundred normally-distributed random numbers.

Subroutine FQPLOT

CUM95X - X array for plot of cumulative function from 0.95 to 1.0.
CUM95Y ~ Y array for plot of cumulative function from 0.95 to 1.0.

00
DPSUM - DPFREQi.

[=2]

e
]
el

FX -X value for frequency and cumulative plots.

31




GD|C-BTD65-176

DPFREQ - Y array for frequency plot.
SUMPLT - Y value for cumulative plot.
YB - Minimum value of Y for grid.
YT - Maximum value of Y for grid.
XL - Minimum value of X for grid.

XR - Maximum value of X for grid.

3.4 SAMPLE CASE. An evaluation of the Flight Performance Reserve for the Atlas/
Centaur vehicle is presented as the sample case. The case selected has a PU ac-

curacy of £25 pounds of LH2 and a PU bias of 9 pounds of LH2.

The input for each parameter and the program name of each input quantity, where

applicable, are shown in Table 2,

The output is presented in Figures 6 through 9, which include plotted data. Figure 6
is the actual machine output. The input variables are listed on the output exactly as
they appear on the input cards. The computed values that appear on the machine out-

put are the mean and standard deviations of the vehicle's performance.

Table 2. Parameter-Controlled Input

PROGRAM NAME

(SG = Standard Deviation INPUT
PARAMETER MU = Mean) QUANTITY
Booster SG1 10.0
Sustainer and Interstage SG2(1) 16.6666
Adapter SG2(1) 16.3333
Centaur SG3 20.0
Nose Fairing SG4 25.0
Insulation Panels SG5 16.0
Fuel Weight (Booster)
Fuel Density SG61I(1) 0.15
SG611(2) 0.104
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Table 2. Parameter-Controlled Input (Contd)

PROGRAM NAME

33

(SG = Standard Deviation INPUT
PARAMETER MU = Mean) QUANTITY
Probe Location SG6(2) 0.4
Surface Level Variation SG6(3) 0.6
Tank Pressure SG6(4) 0.08666
Tank Volume SG6(5) 0.76666
Tanking Level SG6(6) 0.66666
Ground Expended SG671(1) 16.6666
SG671(2) 28.6666
SG671(3) 6.6666
Sustainer Thrust SG6(8) 2.0
Decay
Fuel Density SG7 0.017
Oxidizer Weight (Booster)
Oxidizer Density SG81I(1) 0.05
SG81I1(2) 0.13666
Sensor Location SG8(2) 0.5333
Surface Level Variation SG8(3) 0.58333
Tank Pressure SG8(4) 0.4
Tank Volume SG8(5) 2.0833
Tanking Level SG8(6) 1.4666
Ground Expended SG87I(1) 66.6666
: SG871(2) 50.0
SG871(3) 65.3333
SG8T7I(4) 10.0
Thrust Decay SG8(8) 3.0
Oxidizer Density SG9 0.14
Fuel Weight (Centaur)
Sensor Sensitivity SG10(1) 1.0
MU10 5056.0
Sensor Location SG10(2) 1.0
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Table 2. Parameter-Controlled Input (Contd)

PROGRAM NAME
(SG = Standard Deviation INPUT

1 PARAMETER MU = Mean) QUANTITY

|

| Surface Variation ,SG10(3) 1.0
Density SG10(4) 0.01
Tank Volume SG10(5) 4.2167
Tank Ullage SG10(6) 1.095

Oxidizer Weight (Centaur)

Sensor Sensitivity SG11(1) 11.0

‘ MU11 25035.0
Sensor Location SG11(2) 11.0
Surface Variations SG11(3) 5.0

| Density SG11(4) 0.003333

| Tank Volume SG11(5) 1.25333
Tank Ullage SG11(6) 0.81666

Booster Jettisoned Residuals

Trapped Fuel SG12(1) 17.0
Trapped Oxidizer SG12(2) 23.0
Lube Oil SG12(3) 6.0
Helium SG12(4) 4.0

‘ Sustainer Jettisoned Residuals

| Trapped Fuel SG13(1) 20.0
Trapped Oxidizer SG13(2) 52.0
Lube 0il 5G13(3) 2.0
Helium SG13(4) 2.0
Nitrogen SG13(5) 1.0

| GO, in Tank (Flight) S5G13(6) 2.0

| GO, in Tank (Ground) SG13(7) 44.0

‘ PU Bias SG13(8) 41.6666

|
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Table 2. Parameter-Controlled Input (Contd)

PROGRAM NAME
(SG = Standard Deviation INPUT
PARAMETER MU = Mean QUANTITY

Centaur Jettisoned Residuals

Trapped LOy S5G14(1) 1.0
Trapped LH, SG14(2) 1.0
GO2 in Tank SG14(3) 12.0
GH 9 in Tank SG14(4) 5.0
H 202 Weight SG14(5) 5.0
Helium SG14(6) 0.0
Ice and Frost SG14(7) 4.0
PU SG14(8) 8.3333
MU 14(8) 9.0

Centaur Venting

Ground and Inflight LH, SG15 4.8
Ground and Inflight LO 9 SG16 9.0
Booster Propulsion
Booster Mixture Ratio SG18 0.008
Booster Thrust SG19 1000.0
Booster ISP SG20 0.8
Sustainer Thrust 5G22 285.0
Sustainer ISP SG23 0.9

Centaur Propulsion ‘

Thrust SG27 70.6666
MU27 15011.86

Specific Impulse (ISP) SG28 1.6666
MU 28 423.26777

Atmosphere SG35 1.0

Launch Azimuth
Null Voltage SG36(1) 0.07
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Table 2. Parameter-Controlled Input (Contd)

PROGRAM NAME

(SG = Standard Deviation INPUT
PARAMETER MU = Mean QUANTITY
Roll-Gyro Torquing Rate SG36(2) 0.42
Time Uncertainties SG36(3) 0.04
Allowed Tolerance SG36(4) 0.51
Pitch Program

Voltage-Time Integral SG37(1) 0.33
Gyro-Torquing~Rate

Voltage Time Average SG37(2) 0.83
Inverter Voltage SG37(3) 1.17
Inverter Frequency SG37(4) 0.75
Drag Force SG38 1.7
Wind Profile SG39 1.0

NOTE: The remaining input variables have been defined in Section 3.1.

Their names remain constant in both internal and external re-

ferences to the program.
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TITLE=L120H FPK FREQUENCY FUNCTION * 100UV ITERATIONS # 9-30-6%
FPR OPRUBABILIYY FUNCTION * 100CU ITERATIONS * 9-30-65 "
NPARA=39,

NITER=1LL00, PRIMER = $213536715425

PLUT = 0

P{l})= =30.0, 30.Ce <0741, «0328
~69.0, 69. 0, +.0932 t.uBT4,
-959.0, 59.Ue «9385, « 196,
-75.0y 7540, «0o8l, <0810y
—48.Jy 48e 0y 6 UD,y « X488,
~8al.u, 84T.04 ~+2288, ~.0181,
-e55, «55, ~36.1342, -16.1405,
-1269.0 1269.0, -.0123, ~« (08T,
~e4635, «4635, ~46.3105, -36.7873,
-373.0, 4T0U.0y ~e 0755, —euTlY,

Plas)= —8T4 Uy B7.0, SGTU3, «069U,
—259%uU 2Tbe s «lU99, « 1066,
-100.0y 1CU«Cy 1e3s |

PL69) = ~ei23, «023, 077.0043, —il21.3739,
— 30004 Oy 3LCUeuy -« 004, ~eUC%y
~2eby Cely ~t8.8711, -18.¢95,

P(831= -895.0, 85%.0y «U09L, «0V92,
~2.8, 2aeby —15.421» ~-15.0036,

P{iuv)= -424.0, 4244uy -.0099, —.J114,
—3.54, 3054, -25.9483, -23.92592,

PE13T)= el ~3.0, T437u9%, 6.3237,
—-240% 2.0y ~4.4804, 3.6507,
-9l Seuy —11l.2546, -5.6079,
~5eUy S.uy .Cl39, «0978,

P3g= —3.Uy Ueuy 3.09 —e5767y =-11.4939, =2.3836,

MULU=5U5%0.
Mull= 25u3%.,
MUL4(8)=9,0,
MU27=15011.86
PUSET=5.0,
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NETV=1500ey NUTV=2500.y NLHZD= 4422y NLH2V= 1254.17y NLO2D= 58,78,

NLUJZV= 3069.1s NBFD= 50., NBOD=

MUZ8 = 432.267177%
MPURES =1,
361= 1Ja,y

5GZ =l0a666y16433335,

5G3=20.+ SG4=25.y

68478,

5G5=16.

SGO= DelUretrebrealUBLOOYe TOHOOO,446666644042.00
SGT= 2017y 368= 04U1e5333945833339.492.06833+1.46066,040+3.04

SGY= L l4a, SGlu = ley Loy lay o0C1

SGLi= llaey llee 5¢4 »uu3333 , 1.25333

4.2167 4 1.095 ’
v eBlb6b, S012= 1T.,

SGi3= 204y 52ey 2090 2a9 Loy 24y 440941 .6660610e0,

SUL4= ley ley 12e9 S5ey Sey Ouy 4o
SG19=4.8y SUlO=9.0,

SG18 = LudB,y $SG19 = LuCO.y SG2C = .05,
5627=70.000666, SGc8=l.60606, 5635=1.C,

SG30 = J0Te <4Zs 204y .51, S637 =
SGoll= 415y «luay
SGBlI= .05y 136606,

SGeTl Sl0.0006928.866690.6060,
SG87Tl 06666655V Vp05e3333,10.0,
SG3d = 1.7, SG39 = . ¥
NUMBER Or PARAMETERS 39
MEAN UF FPR = -1.552867k 01
Figure 6. Machine Output

6.33333,

$G22 = 2854y S623 = .9,

end3y Lally 75,
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100 1 1 | 1 | 1 1 I i
NO PU END EFFECT
— PU ACCURACY ==*25 LB (LH2)_'
o) |PU BIAS = 9 LB (LH,)-
90
0
N
9
80 *;
o V.-
1.4 b
“0¢0
® -
70 —] __e’_g:'c S
o NS
- moo“ ~ -~ ~
oop | |o
®s
d b >
ol ° X
50 o ~
-t i
- o V.
40 ey
o) 4 0
do Sond
0 Qla e
0
30 ' 2 S
9 o -
°17% °
£ N .
20 1a8 :
- ° b‘gooo
bo )
L XS ob3el®
O loe " To
10 oo 1
o ) o @
° ® 0
OE - o ® ¢
-200 ~100 0 100 200

FLIGHT PERFORMANCE RESERVE (Ib)

Figure 7. FPR Frequency Function
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1.0

H I
B ot —tr—
SEE FIGURE 9 Tt A= —t—1——
0.9 y,
/
0.8 /
0.7 i
J
/L
0.6 ){
J i
/
|
0.5 yl
0. /
4 i
I
0.3 1
{7 —|NO PU END EFFECT —
i i PU ACCURACY = #25 LB (LH,) __
/ PU BIAS = 9 LB (LHy)—
0.2 ]
v/
[/
0 -
0
-200 -100 0 100 200

FLIGHT PERFORMANCE RESERVE (lb)

Figure 8. FPR Probability Function
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1.00
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i
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1
1
1
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0.99 . - -
S s it Rt o o B B SR o - - -#-

D S 0 U A [ g 4 . )

Ll } e | e

|
S
T
|
]
1

L A .r.A.L“-,‘ I -1 11 _t- -l .
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|
L]
1

1l

|

0.98

,l_ 4 R I - b— ’.._ -

—t—t-1- —1— -t

1.|NO PU END EFFECT A -
PU ACCURACY = =25 LB (LHy) ’
1 --{-+|-H-1PU BIAS = +9 LB (LHy)

f + }»«':L 'ﬁ“ o I jfj T AT i[ REERE 1
0.97 ,

0.96

Vit T

. v_1 -
0.95
76 80 90 100 110 120 130 140 150 160 170 180

FLIGHT PERFORMANCE RESERVE (lb)

Figure 9. FPR Probability Function Segment
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3.5 INPUT CARD AND DECK FORMAT. This program uses a systems routine

"input" that greatly simplifies the handling of the input data. There is no rigid for-
mat for the data. No specific order is required in entering variables within each
block. Card columns 1 to 72 are used, and more than one variable can appear on a

single data card.

Because of the amount of data used by this program, it is separated into two blocks
or records (these records are defined in the explanation of the input variables,

Section 3.1).

3.5.1 Data Card Setup Rules. It is not necessary that variable names on the data

cards appear in the same order as those in the calling sequence. The routine will

search the list for the name and its core location.

" Individual data items are separated by commas.

An equal sign or a comma separates the name of a variable and its first data item.
A comma separates the end of a data set and the ne#t variable name.

A data input record is terminated by an asterisk (¥*).

It is not necessary to input a data set for each name in the calling sequence.

Elements of an array may be skipped by writing consecutive commas (i.e., no data
between the commas) or by singly subscripting the array name. Double subscripting
is illegal. Thus, if it is desired to input data into a three-element vector V, one

could write -
vV = 2.79,,1.32,

No data would be entered into V(2). What was originally there remains there. Alter-

natively, it could be written
V(1) = 2.79, V(3) = 1.32

3.5.2 Additional Feature. The card image is normally written on the system out-

put unit prior to being processed by the routine. If an N is punched in column 73,
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the card will not be listed. If column 73 contains a C, the card is treated as a com-
ment only; i.e., it is not scanned for data. If the card contains CE in columns 73 -

74, the card will be treated as a comment card and a page will be ejected.

3.5.3 Multiple Cases. When running multiple cases, only those variables that

change need be entered. All others remain unchanged.

3.5.4 Restrictions. The following errors will be detected by the subroutine, and a

diagnostic message and the card in error will be printed on the system output unit:
a. Name on data card exceeds six characters,

b. Name on data card does not appear in the calling sequence.

¢. Punctuation errors.

d. Octal field errors.

e. Decimal or octal data out of range.

3.5.5 Input Deck Setup. This program has a main deck START and three sub-

routines FQPLOT, BLOCK and RANDOM (see Figure 10)., If the input value for
PLOT is nonzero, a $SETUP card must be placed in front of the deck to ensure the

mounting of a tape for generating S-C 4020 data. Its form is

Column 1: $SETUP
Column 8: LB4
Column 16: DISK, PLOT, SAVE

Also, a save-tape tag must accompany the run request (three for each case).

TAPE ACTION REQUEST | tocation
[JSAVE [ PLOT [ PRINT [ PUNCH
PROGRAMMER RUN umIT | EXT DATE
Hayward XXX |LB4 |2191 |7-29-65
SPECIAL INSTRUCTIONS SECRET  CONF.
BCD BIN
A3482 (7-84) 4020 PROCESSING 200, isss,i 800

CONT. PROJ. Jos GROUP | COPIES | FRAMES

IK WAP
20006713 966 1
[X COPY-FLO [0 THERMOFAX [] MICROMATE
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The data card (placed between
the last card of the program

and the first input card) can be
either 7-8 in column 1 or $DATA

in column 1.

3.5.6 Multiple Case Capa~—

bility. As many cases as de-

sired can be run on one pass
through the computer. From
the second case on, only the
data that have changed from the
previous run need be included in

the input (see Figure 5).

Since there are two calls to the

input routine, each case must have

DATA

DATA CARD -\-
DECK "BLOCK" ?f l
DECK "RANDOM" ? f '

DECK "FQPLOT"

DECK "START"

$IBJOB i

3EXECUTE IBJOB :

$SETUP LB4
NEEDED ONLY IF PLOT # 0

Figure 10. Input Deck Setup

two asterisks. Even if there is no change in one of the sections, a card with an

asterisk must be included.

3.5.7 Time and Line Estimate. The time required is proportional to the number of

iterations. To be safe, allow five minutes for 10,000 iterations. If two or more

cases are stacked together on one run, allow five minutes for the first case and four

minutes for each additional case.

For normal output, allow 300+50% (number of cases) for the line estimate. If

IRITE # 0, raise this estimate by 10, 000.
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APPENDIX
PROGRAM LISTING
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SIMETC START  FULIST.RES

COMMON /RD/NGP (NCALC P39, TICEN.TABLF

DIMENGION NGP (300)¢NCALC (300)4P39(6)+TICFN(9) ( TABLE(S00)

COMMON DELP DELPSQFMSIGMAFNIT NITER

COMMON NM, MR , THNOM, | SPNOM ,FUTKVL s LXTKVL « PUSET DPFREQ(600)

COMMON STDEV(300) MEAN(300)P(600)«DIFF (300)+SVDIF(10)«TITLE(20)

DIMENSION DUMSD(10,200)

EQUIVALENCE (DUMSD(1)4.5G1 (1))

COMMON Myl (10)+MU2(10)eMU3(10)MUS(10)MUS(10)MUB(10)MUT(10)
ITMUB(10YMUR(IO)YsMUTO(INY MULIL(IN)I MULI2(1N)eMUTIT(10)eMUIA(10)
2MULIS (10 MUIS(10) MUTT7(10)eMUIB(10)YeMULIQ(10)4MU20(10)MU21(10)
AMU22(10)MU23(10)Y MURA(T10YMUZS(1N) M2 (10)eMURTI10)MU2B(10) ¢
AMU29 (10 MU3D(10)YeMUITI(10)eMUI2(10)eMU3(10)eMU3A(10)eMU3S(10)
BMUIS(10) MURT(10)MUB(10)4MU39(10)

COMMON SG1(10)4SG2(101+S5GA(1N)eSGA(1M)+5G%(10)e5G6(10)4SG7(10)
1SG8(10)1+SGI(10)eSG10(10)sSGI1(10)4SG12(10)¢SG13(10)¢S5G14(10).
2SG18(10)4SG16(10)eSG17(1014S5G18(1M)1eS5G619(10)¢SG20(10)¢8SG21(10)
3SG22(10)4SG23(10) 4 SG24(10)45G25(10)1+SG26(10)¢SG27(101)
A4SG2B(10)45G29(10)¢5G30(10)¢5G31(10)+SG32(10)¢SG33(10)¢SG34(10)
BSG35(10)+SG36(10)¢SG37(10)+5G3B8(10)+SGA9(10)+SGH11(10)e¢SGE671(10),
ESGB8TI1(10)Y+SGB11 (10
REAL MAXSET¢MINSET,L8PDIS,LBP.MR,MRBAR, MRDBAR,

* 1B, 18, 1vLOXRES,LOXAYL ,LH2AYL {LH2RES, 1gPNOM, M1 My2 ,My3,
1MUA (MUS s MUS«MUT ¢MUB ¢MUS MUIO MUTL ¢MUI 2 MULI3MULAMUIS,MULEMUL T,
2MULIBMUTIOMU20MU21 ¢ MU22 4MU234MY248 ,MU2%, MU2B4MU2T s MyU28 ,MU29 4MU30,
3MyY31 MU32,Mu33 MUIS,MY3IG6EMUY37 ,My38,My39,

ANOTV s LXTKYL s LOXCO LOXVNT s LH2YNT LH2VOL ¢ NLH2V s LH2DENGNLH2DL0O2VOL &
SNLO2V «NBOD«NFUDENNBFD+NFTVLOZ2DEN

INTEGER RES+PLOTEXTRAP
EXTRARP=N
IRITE=OD
PLOT=2N
DO&I=1 200

? P(liy=nen

NO%J=1410

5 DUMEN(Je 112060
& CONTINUF
2n WRITF (6.21)

21

FORMAT (1 H1)

CALL INPUT(SMTITLE TITLE SHNPARA NPARA,SHN]TERNITER
1 ,6HPRIMER PRIMER, 1 HP P 3HMy1 (My1  3HMy2 4 M2, 3HMy3 ,My3 , 3HMy4 (My4 ,
23HMYUS MU ¢ SHMUS ¢ MUS 4 BHMUT ( MUT « SHMUB (MUS  3HMUS s MUS + 4HMUL O 4 MUL1 0
34HMU11 «MUL1 s AHMULI 2 JMUT2:4HMUI 3 MUI3,8HMU14 MUL A AHMYUISMYL1 S,
AAHMULI 6B MUL6,AHPLOT ¢PLOT «4HMUL 7 4MUL 7,4HMU18,MU1B,4HMULIIMULT,
SAMMU20MU20, BHEXTRAP ,EXTRAP JAHMU21 MU21 saHMU22 MU22 4HMY23,My23,
6AHMUD A ¢MU24 s aHMU2S , MUPS , aHMU2 6 «MU26 , aHMyU2 7 MU27 e 8HMU 28 ,MU28,
TAHMU29 ¢ MU29 4 AHMUYD 4 MU0 s AHMU3 1 « MUY , 4HMU32 (MU 32 aHMU33,MU33,
BAHMU34 ¢MUBA (AHMUIR MUTFT 1 4AMMUDE «MUZE A HMUTIT7 (MU3T 8HMU38 4 MU3E ,
S4HMYZ (MU3F,AHNFTY NFTY, AHNOTY NOTYy, SHPyUGET . PUSET,

#SHNLH2V NLH2V e SHNLH2D «NLH2D e SHNLO2V.NLO2Vs SHNLO2D «NLO2D,
#AHNBFN NRFN, SHIRITF«IRITF,AHP39,P1G9,4HNRBOPM«NBOD)

CALL INPUT
1(3HSGIOSGI03H5520552o3HSGQoSG4v3HSG50SG503HSGboSG6Q3HSG7oSG7o
l3HSGB.sGB.3H569.sG?.4HSGlOosGl0.4H5611,5511.4H5612.5612.
24HSG13+45G1344HSG141S5G141AHSGIS¢SG15.4HSGC16,5G16¢8HSG1748G1 7,
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100

110
200
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34HSGIBeSGIBIAMSGID¢SG19¢4HSG20¢SG20+4HSG2145G2144HSG2245G22,
B4MSG23:¢SG23¢4HSG24¢SG24+4HSGC25+5G25:14HSG26¢5G26¢4HSG27¢5G27,
BAHSG2B156G28¢4HSG29¢5G29¢4HSG30eSG30¢4HSGI1 4S5G31 +4HSG3I245G32,
B4HSG33¢SG33¢AHEG34,SG34¢4HSGIS 18635.4HMSG36,8G36.4HSG3T7 48637,
74H5G38056380‘HSG39.SG39.3HSG3.SG305H5661105661105H5667x|566710
BEHSGBTI +<GATI BHSGB11¢5G811
HAHGLH2 GLH2 {BHSUBIAS SUBIAS ,6HMPURE S ¢ MPURES 4 6HVLVLAG s VLVLAG,
ROHMAXSET MAXSET ¢ SHMINSET MINSET (6HHRPD IS (HRPD IS SHLBPDISLBPDIS,
#3M4LBP ,LBP,4HTLO2,TLO2,4HGLO2,6L.02,3H4HBP ,HBP,
RAHTLH? s TLH2)

Lel

IF(PLOT«EQe0)IGOTO24

NO231=1,60Nn

DPFREQ(1)=0+0

NOINT=1 {NPARA

JeNGP (1)

IF (JUeFNeNIGOTORO

nO28xzl, )

STNEy(L)Y=PyMan (K, 1)

L=l 41

CONT INUF

RFEc=pn

DELP=ALH

DFLPSG=0,.0

NO200001=1 NITER

L=1

DALA1=0;0

NALA1=A:N

SUMAR1=NeN

Sumeum=zn O

DO19aNAJI=1 (NPARA

NIFF (Ji=Aen

LL=NCALC (U
GOTO(100¢200¢300+:400¢500:600,700+800¢900,100041100+1200+130041400)
teLL

CALL NORAD(PRIMER,ANS)

1T (SQRT (ANSH#2 ) ,GTe340)6070100

DIFF (JIsmANSRSTDE YV (L)

GOTO018999

NLOOPaNGP ( J)

IF(NLOOP ,FQe0)60T019000

NO225N=1 NLOOP

IF(NeEQeT7eANDJeEGe61G0TO208

IF(NeEQe1eAND s JeEQs61IGOTO212

IFI(NEQe1 e ANDJeEQeBIGOTO217

IF(NeEQeTeANDe JeEQeB)IGOTO220

IF(NeEQedeAND s JsEQe10160T0240

IF(NeEQe a4 s ANDeJ+EQe11)6G0TO0250

20% CALL NORAD(PRIMER,ANS)

IF(SORT(ANSH#E2 ) ,GT¢3,0)G0T020%
DIFF(J)sDIFF(JI+ANSESTDEY (L)

P07 IF(NeFQeBeANNJeFN«8IGOTO260

IF(NeFQebesANDe JeFEQeB)IGOTOPES
GOTO220

212 NODI1Rgay 2
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216

218

2nA
209

210

21N
212

217
218

219

240

241

24?2

241

2%0

251

Ly

260

26%
220
L

ann
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CALL NORAD(PRIMERANS)
IF(SART(ANS*##2)¢GTe3,0)G0T0216
SURSUM=SIJRSUM+ANS#2GH1 1 (K)
NAL& ] s SURSUMENFTY

AFDaNAFN4 SURSUM

6GOTH220

NO210K=1 43

CALL NORAD (PRIMFR,ANS)

IF(SART (ANS##2314,GTe3:N)IGOTO209
DIFF (J)eDIFF (J)+ANSH*SGHT] (K)
GOTN220

ﬁO?‘lRsz Y-

CALL NORAD (PRIMFER ,ANS)

1F (SORT (ANS##2),GT,.3,0)G0T0232

DIFF(I)eDIFF(J)+ANSHSGRT] (K)

GNTO220

NO219K =1 ¢?

CALL NORAD(PRIMER,ANS)
IF(SAQRT(ANS®#RD ) ,GT,1,0)GOTO218

SIIMB 1 =SUMR 1 $ANSRSGARL T (K)

NALARI =sUMR I #NOTYV

AOD=NROAN4LSUMA Y

GOTN22n

CALL NORAN(PRIMFR,, ANS)

IF(SORT (ANSH##2)eGTe3.0)G0T0240
DEND=ANS #STDEV (L ) #NL.H2D

DIFF(J)I=SDIFF (JI+NDEND#NLH2Y

CALL NORAD(PRIMFR,ANS)

IF(SQRT (ANSH##2 ) ,GT 43.0)G0T0241
DIFF(J)=DIFF(J)+ANSRSTDEV (L+1 ) #(NLH2D+DEND)
CALL NORAND(PRIMER,ANS)

IF(QRQRT (ANSERD ) ,GT 43,0)GO0TO0242
NIFF(JI=NIFF(J)I=(ANSRQTNEY(L+2)=1+865)% (NLH2N4+DEND)
L=l +7

GOTNI9ANAN

CALL NORAD(PRIMFR,ANS)

IF(SQRT (ANS®*%#2),GTa3.0)60T0250
DENDO=ANg#STDE Y (L)Y #NLO2D
OIFF(J)aDIFF(JY+DENDO#NLO2V

CALL NORAD(PRIMER,ANS)

IF(SORT (ANS#%#2)4GTe3.0)G0TO251
DIFF(JUIRDIFF (J)Y+ (ANSRSTDEV(L+1))#(NLO2D+DENDO)
CALL NORAD (PRIMER,ANG)

IF (SORT (ANSHED ) ,GT 4 1,0)GOTO2%?

DIFF(JIEDIFF (J) - (ANSESTDEV(L+2)=1T7)# (NLO2D+DENDO)
GOTN24"

NIFF(JINIFF(J)RAFNHNALK]

GATAP220

DIFF(UIYI=NIFF(J)RAON+DAL B

L=L+1

CONT INUF

GOTO190N0N

IF(JeFQe9)GOTO1 O

NIFF (J)= SURSYM
GOTO1R0NQ
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AN DIFF(JI=SUMBI
GOTNHIAOOO
ann NIFF(JixNen
GOTO1RG999
sS00 CALL NORAND(PRIMER,ANS)
IF(SORT (ANSR#22)4GT+3.01G0TOS00
DIFF(J)=ANS
GOTO18999
800 N OOP=NGP ()
NOBPEN=E] (NLOOD
&0 CALL NORAD(PRIMER, ANS)
IF(QRORT(ANSH#R2)eGTe360)G0TO0K03
SYDIF(N)=ANSRSTDE Y (L)
AAR TF (NJNF RIGOTOR2D
1F (MPYURF ¢eEQe21G6070630
IF(SVDIF (N)eGEe=MU14(8)1G0T0620
REg=1
SVD!F(N)t-PUSET’(<vDIF(N)+MU14(8))-MUIA(B’
&20 DIFF(JIEDIFF(JI+SVYDIF(N)
A24 L=l 4+1
&82% CONTINUF
GOTOI18NnNO
/&an GATNHNIANY
631 CALL NORAND(PRIMER ,R2)
IF (ARG (R2)4GT ¢3:0)1GO0TOBAY
R2zR28HBENHT1Q
HARP=HAP+R2-TLH24+S5VNIF(2)
CALL NORAD(PRIMER,R3)
IF(ABS(RT)eGT e3¢0 )IGOTOE3S
R3=R3#L.BPDIS
LAP= BP+R3-TLO2+SVDIF (1)
CPRURamU1 4 (R)
CMSz= (D R=-SRTAS)
IF(SVDIF (N)eLT2CMS)IGOTOGBO
MRBAR-((nnitwibOT+w200T)*VLVLAG!(PusﬁT-MAxsET))/(Z-O*LBP*(MQ*IOO))
I+MAXSET
SYDIF (NIsSYNIF (N1+CPYB-SURTAS
IF(SYNIF(N)eGTe0e0NIGOTOSIY
SleP(N)-HBP-(LBP/MRBAR)
IF(SVDIF(N)eGE«0e0)GO TO 636
SYDIF(N)2z=SYNIF (N)*MRBAR
636 DIFF(J)aDIFF(J)I+SVDIF(N)
GOoTO1800Q
617 svD!F(N)cSVDIF(N)-Cpuﬁ+HBP-(LBP/MRBAR)
IF(SYDIF (N)sGE«De«0)IGO TO 636
SVDIF (N)=-~SVDIF (NI EMRRAR
GOTNR3S
&80 CALL NORAD(PRIMER R4
IF(ABS (RA)e«GTe30)G0TO680
R4 =RA#PYSET#STDEV (L)
MRDBAR= ( ( (WI1DOT+W2DOT ) #VLVLAGR (RUSET-MINSET)) /((MR+10)%2.0%HBP) )+
{MINSFT
SVDIF(N)=2RA~(CPUB~-SUBTAS ) #PYSET
1IF(SVDIF (N)eGTe0e0)GOTOG81
SYD1IF IN) =LBP-MRDBAR®HRP

(63
()
3 )

et
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&9 1

700
709

ann
80%

9no
90%

1000
1nns

1100
110%

12nn
1205

1IN
1301

1310

1315

1317
1318
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IF(SVNIF(N)eGFeDeN) GO TO 636
SyDIF (N)=-SYDIF (N) /MRNBAR

COTOHS?A
gvﬁ!F(N):svﬁIF(N)+LHP—MPDBAQ*HRP
IF(SVYNIF(N)eGFe0e0)IGO TO 636
SyNIF(N)m=SYDIF (N)/MRNDAAR
GOTO636

TR=NN

CALL NORAD (PRIMER,ANS)

IF(SORT (ANSH#%2 ) 4GTe30)GOTO705
DIFF(JY=TR+ANSHSTDFV (L)
GOTN1899q

IR=AN

CALL NORAD (PRIMER, ANS)

IF(SORT (ANGS#R2 ) eGTe3¢0)GOTORNS
DIFF(J)=1B+ANSRSTNE V(L)
GOTO1R999

TE=NeN

CALL NORAD(PRIMFR,ANS)

IF(SQRT (ANS*##2 ) ¢GTe¢3:0)GO0TO0909
DIFF(J)=2TS+ANSESTDEV (L)
GOTO018999

Ig=nen

CALL NORAN(PRIMFR ,ANS)
IF(SORT(ANS#%#2 ) ,GT«3.0)G0TO0100%8
DIFF (JU)=Ig+ANSRSTNFY (L)
GOTO18R999

Tv=Qgen

CALL NORAD (PRIMER, ANS)

IF(SQRT (ANSH*#2 ) ,GTe3¢0)G0T01105
DIFF(J)=TV+ANSRSTDFV (L)
GOTO1R9Q9

tv=nen

CALL NORAD (PRIMER , ANS)

IF(SQRT (ANG®#%2 ) 4GTe3¢0)G0TO01205
DIFF(JI=IV+ANSESTDFV (L)
GOT018999
IF(MPURFCFQ.2)1GOT0O1 370
LOXRES=MUI14 (1 )Y4+SVYDIF(1)+MUL4(3)+SVDIF(3)
LOXVYNT=sMUI&(1)Y4+DIFF(16)
IF(RFS«FN«NIGOTO110
LOXRFe=l_OXRES+ayNIF(8)
LOXAVL=MU11 (1)4DIFF (11 )-LOXRES-LOXVNT
LHZ2RES=MUI4 (2)+SYDIF(2)+MUL14 (4)+SVYNTIF(4)
LH2yNT=MUIS5 (1 )+DIFF(1%)
IF(RE€«EQe1)GOTO115
LHZ2RES = H2RES+ayNIF (8)
LH2AVL=MUI0 (1 )4DIFF (10 )=-LH2RES-LH2VYNT
MR=| OxAvL /LH2AvL

CALL TARL (MR THNOM TICEN(1)+TICEN(4)41414143,41FBAD)
GOTO(1318,1317), IFRAD

THNOM'O 'Ys)
CALL TA=L<MR.'SPNOMOTICEN(1,.TICEN(7,01'101'3'!FBAD,
GOTO(1320,1319) , IFBAD
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ISPNOM=N 40

CALL NORAND(PRIMFR,ANS)

IF(SART (ANSH*¥2) (T 43,0160T01320
NTF1 =ANS®STNEV (L)

CALL NORAD(PRIWMFR,ANS)

1 (QORT (ANCRED ) GTe3eNIGOTOL RPS
DTF2=ANCSRQTNFy (L)

CALL NORAN(PRIMFR,ANS)
IF(SQRT(ANS%#%#2)4GT+340)G0T01310
DIF1=ANS #SG28 (1)

CALL NORAD(PRIMER,, ANS)

IF(SQRT (ANS#%#2 ) GT43,0)G0T01335
DIF2=ANS%SG28(1)
W1DOT=(THNOM+DTE]1 )/ (1 SPNOM+DIE])
WPDOT=(THNOM+DTE2)/ (ISPNOM+DIE2)
IF(MPURFC ,FQRe21G0TNH3
DIFF(JI=NTF1I4+NTE24+2e 0# (THNOM=-MU2T7 (1))
GOTNIAg0Q

DIFF (U= ((DIFF (27142, 0¥MU2T (1 1) /(W1 DNOTHWANOTI I=-MU28 (1)
GoTn1Rr999

L=L+1

CONT INUF

DIFF(13)=DIFF(13)+2340
IF(NITFR«NE«100)1GOTO19001

WRITF (6,200n24) (NIFF(N)N=1,NPARA)
SUM=NeN

NO 19185aK=1 (NPARA
IF({KeFQeF)IGOTO19070
IF(KeNF e 1Nn)IGOTNIONI0
NIEE(KY=NTFF(KI+NTFF(K+1)
M=a®(K~1 )+1
IQ(D(M)Q"OQOOO’&OTOIQOSO

IE(NIFF (K )eGTeNeNYFOTDIONTI S
PEF=P(M+2)

GOTO19037

PrE=P (M+1)

GOoT019033

CALL TABL(DIFF(39),PEEP39(1)1,P39(4).14141,3,IFBAD)
GOT0(19033,19031)«1FBAD

PFRE=NN

LUM=CSUMINIFF (K ) #PFF
IF(XeNF e 17)1GOTO0 19050

K=K+1

CONT INUF
IE(NITFRNF 1 NNIGNTOI19NTR
WRITF (R 20024 )M

DELP=NELP+syM
DELPSQ=DFLPSQ+S I MERD
IF(PLOTFROIGOTO2ZNOOD
INDEX=SUM+ 30040
IF(INDFX LF e NYGOTO2ONNN
IFLINNFX GT 6001607020000
NOFREQEINNDFEY)I=NPFRFQ(INNFX Y41 6N
CONT INUF

FNIT=NITFR

51



GD| C-BTD65-176

FM=DFLP/FNIT
SIGMASSORT((DELPSQ/FNIT)I-FM2%2)
WRITE (6,20020 INPARA NI TER

20020 FORMAT (1HO 22X, 23HNUMBER OF PARAMETERS = ,14,22X,23HNUMBER OF ITER

1ATIONS = ,16)
20024 FORMAT(B(AXIPE12+%))
WRITE (&, 20026 )FM¢SIGMA
20026 FORMAT(1HO 20X, 14HMEAN OF FPR =
1 = J1PE12,%)
IF(PLOT.FQ.0)GOTO2N0n028
CALL FQPLOT
2nN28 GOTN2N
END
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€ I1RFTC RLOCK FULIST REF

BLOCK NATA

COMMON /RD/NGP (NCALC4P39,TICEN,.TABLE

DIMFENSION NGP(300) NCALC(300)¢P39(6)TICEN(D),TABLE(500)

DATA (NCALC(I1Y41=1,39)

1 710201 ¢101420302¢302¢242¢2¢601 0101 014¢T76841,9,10e1,411,12,13,
PlAcA4A4484844434,8424,2415/

DATA(NGP (1141=1,39)/ 14 24 14 14 14 By 14 By 1y 6¢ H¢ 44 94 84 1,
1 Te 1o 1o 1o 1g 14 1g Te 1o Te 1y 14 1 14 14 1e 14 1y 14 1, a4, a,
2 1e 1/

DATA (TICEN(I1),1=21,9)/808,5¢0,5¢6,18735e¢0,1501000+15320¢0,436¢3,
1472¢27,427e2/

DATA(TABLE (1),121,60)

#/=3e0902294-2eT4T7T7T7T770-2e575B2664=2e45T72651 ¢=2e¢3656207¢~2¢2903708.,
R=De22621514¢=241700940:=2e12007163=2e07848537¢=2¢0335239,~-1¢9953936,
#—109599627,-1eF268B4074=1 eB956994,~1¢8662989,-18384273,~-18119147,
*#¥=1e7B661T70¢=167624146¢-1e73919944=1e71688939,-1e6953981,,~1e6746651,
#=1e6546282:-1e635212394=1¢61643944=1e50R1967¢~1e580467S4~1e5632271»
#=1e5464361,-1e530N66F+=1e651410384-149B5160¢~1:4832834,~1.4683869,
%#~104538N88B4~1643953219-1e425544894=1e¢4118333,-1e¢39837964-1e¢3851714.,
#=10e37220T2¢-1e35946364~1e62346341G4-1e3346227¢~1e¢3225085,~163105801,
#~1e2988388,-1e28727394~162758758B,=1e26486415,~1e2535680,~1e2426446,
#-1e23186674=1e22122944=142107284,4-1e20035924-1e¢19011784~161799999/

DATA(TABLE(1)41=261,120)
R/=1a1T70002¢=1416N119T7e=161T5N0349B¢=141406886¢=161311328,=-1e1216731,
#-101123243¢~1e1030653¢=1609389924~1s0848231¢=1075838B8¢-10669403,
#-100581242,=1e08738804=1eC207321,-1e0321567,~10236534,~-1e0152221,
#=1e0068668B,=-0e9985784 4=0¢FF03888;=0¢98220534=0e¢97411534~-0e¢9660900
#="eOTRI269,=~Ne9502211 4=0e9423789 4 ~0e9345899,=0e9268609,-09191840,
¥=NeF115629,-NeQ039929,=0e83F647544=~0:889N0T72:-Ne8815894,~-08742183,
#-NeBOEEBOES ¢+ =0e85361T79¢=0eB523882¢=0e8451987¢-0e¢83B0569¢=-0e8309547,
#=NeB238952,~06816B769¢4~0¢8098959¢=0¢802958F5¢4=Ne7960566,~07891928,
*#—NeTB236T4,-Ne 7755 758¢~0e768B8B219¢=0e7621N274=DeT75541564~07487647,
#-0e74214634~0e7355583¢=0e72900414=0e67224812¢=Ce¢7159873¢~07095236/

DATA(TARBLE (I1)el1=121+180)
*#/~e7030915+4~0e69668681~06£303093¢~-0e668396200-0e67764204¢~0¢6713478+
#=-0e6650790+s=0e6588391+~0e6526240¢-0e64642330¢-0e64026544¢-0:6341246
#—0e6280085¢=0e6219128¢=0¢61583994=0e66097922¢=0e60376464-0e5977609
*=0e531 7767 ¢=0eSB58155¢=0e5798731 ¢=0e5730532:-0e5680512¢4-0e5621710+
#=0e55630848,=0e5504664¢=065446419:=065388366¢~0e65330490¢=0e¢5272791»
H=Ne5215273¢=0eT1579154=0e51N00742¢=De5043721¢-Ned898B6875+-04930183,
H=nelBT736484-Ne8B81T72754=0e4761043,-0e4704976,~-0e46490487,-04593264.
R=Ned537629¢=0e4482122+=0e84826767¢=064371540¢-064316443:-0+4261486.,
H=0e82066489 40081519424 =0e400973614-0+s4042893,~0+¢3988555,-063934331,
#-0e3880215¢=0¢3B262264=0e¢37723814-0e37185604=-0¢26648984,~-0¢3611335/

DATA(TARLFE(1)es1=1814240)
¥ /=~e3557871 4-0e35C48519¢-063451260¢~0e33980954=0e33450354¢-03292064.,
#-=003239181+-0¢3186398+=0e¢3133699¢=0¢3081081¢-0630285594¢~062976116,
#~002923750¢=0e28714T70¢=0e28192684-0e2767139¢-02715086,~-0¢2663111,
*#=Ne26112034-0e25533634=062507599¢=0e¢2455899,«0+2408262,~02352692,
#=Ne2301185,=~0e2249736,~-0e2198346,=-0e¢21470194=0e2095746,-02084525,
*#~Ne1993361 ,=0e1942250,=0e1891187,~0e¢1840171,-0¢178920%,~0+1738291,
#=Nel16B7416,=Ne166585,=-0e158358004=Ne¢1535053,=0¢1484344,~-061433676,
*#=Nel138B3044,~0e1332847,=0e17818B83,=0e12317354,=0,1180856,-0.1130387,
#=Ne1079945,=0610295235,4=0,097901409,,=0,00928787,~0.7878448,-N,0N828134,
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#-0e0777B40,-0e0727%64¢4=0606773074~0406270694~0,0576845,-0+0526636/

DATA(TABLE(1)+1=2414300)

*/=e0876440,-0e0826256,-000376083,-0e0325920,-0+0275764,~000225616,
*#=0e0173473,-040125334,-0e0075199,~0¢ 0025066, 0025066, 0075199,

#00125334,00175473,40225616.

*

x x &k & % &%

De04826256,
060727564,
01029539,
Nel1332447,
Ne163658%,
0e¢19422%0,
062249736,

#/0e2559363,

2 & K %k x @& k X

0e¢2871470,
03186398,
03504519,
03826226,
0«4151942,
0e4482122,
08817275,
0eB157915,
0e3%04664,

*/0.585815%%,

X X8 % &%k ¢ %

06219124,
06588391,
06966868,
0e 7355583,
Oe77857%8,
08168769,
0¢8%96179,
09039929,
De93502211,

*#/0e9985784,

" E R EREEEEE

10493880,
11030653,
1¢1601197,
12212294,
12872739,
13594636,
164395321,
165300669,
1e63%2330,

060476440,
00777840,
061079945,
061383044,
De1687416,
061993361
02301185,

0626112034
02923750
063239181,
0e3557871
03880215,
064206649,
04537629,
0e4B73648,
0eS21%273,
05363084,

065917767,
066280055,
066650790,
0e7030915,
07421463,
0e7823674,
0+8238952,
0¢8668965,
09115629,
069581269,

10068468,
10581242,
11123243,
1e1700019,
162318667,
12988388,
1e3722072
1¢4538088.,
1e8464361,
16546282,

*#/1e7624146, 17866170,

* 1092684074 109599627,

* 2617009404 202262151 s

*2.74778 ¢« 3409023
END

040526636,
0.0828134,
01130387,
061433676,
Oel1738291 «
0462044525,
0e2352692,

DATA(TARLF(1)41=301+360)

0e2663111
02976116,
063292064+
03611335,
0e¢3934331,
Oe4261486,
044593264,
044930183,
065272791,
05621710,

DATA(TARLF (1),1=2361.420)

065977609,
0e6341246,
0e6713478,
0e7098236,
067487647,
047891928,
068309547,
0e«8742183,
062191840,
0e9660900

DATA(TARLE(l)e1x4214480)

160152221,
160669403,
161216791,
11799999,
12426446,
13105801,
1¢3851714,
164683869,
1e85632271,
1e6T746651

DATA(TARLE(1)e1=481+%00)

1e8119147,
1 e9953936.,
22903708,
/

040576845,
0«0878448,
0«1180856,
0e1484344,
061789209,
062095746+
0Ce2404262,

062715086,
03028559,
063345035,
043664898,
03988555,
0e4316443,
0ed649047,
04986875,
08330490,
065680512,

06037646,
De 6402654,
Qe6776420,
067159873,
Oe 7554156,
0e 79605660
083805689,
0.881%894,
0e9268B60%
0¢9741153,

10236534,
10758388,
11311328,
1e1901178,
162535680,
13225085,
163983796,
14832834,
15804675,
146953981,

183842713,
2003382739,
203656207,
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20275764 ,4¢0325920,4¢0376083,

0406270690
00928787+
061231354
0e¢1535053,
041840171
062147019
02455899,

0e2767129,
0¢3081081.
063398095,
0¢3718%560,
044042893,
04371540,
0e4704976,
NDeB5043721 4
0+3388366,
048739832,

06097922,
06464330,
06839620,
0e7224812,
047621027,
08029585+
048451987,
08890072,
09345899,
049822053,

140321567,
1,0848231,
11406886,
142003592,
102646415,
13346227,
14118333,
1¢4985160,
15981967,
167168899,

18662989,
20748537
24572651

0e0677307
0609879149,
01281883,
01585800
0e1891187
062198346
042507599/

042819268+
03133699
03451260
0e3772341,
04097361,
00844826767
0e84761043,
0e%100742,
05446419,
05798731/

06158399,
066526240,
06903093,
Qe 7290041,
De¢7688219,
048098959,
0e«B8523882,
08964784,
09423789,
09903568/

160407331,
10938992,
141503498,
1e¢2107284,
12758758,
163469419,
164255449,
165141038,
1¢6164394,
147391994/

18056994,
2¢1200716.
2¢5758266
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SIRFTC SQPLOT FULIST.RFF

an

=N

75

70

86
100

SUSROYTINE FAPLOT

COMMON /RD/NGPNCALC,P39,TICEN,TARLF

DIMENSION NGP(300)+NCALC(300)4P39(6)+TICEN(9).TABLE(500)
COMMON DFLD NFLDSRFMySTIGMAFNIT «NITFR

COMMON NM, AYMR , THNOM, [ SPNOMFUTKVL « LXTKVL + PUSET«DPFREQG(600)
COMMON STDEV(00) «MEAN{300)P(600)«DIFF(300)sSVDIF(10)TITLE(20)
DIMENSION CUMOSX (3IN0)«CUMSSY (300)

CALL CAMRAV(35)

YR=Aen

YT=NeN

DOS01I=1,600

IF(NPFREN(TIeLTeYTIGOTOSO

YT=NPFRFQ(1)

CONT INUF

YT=YT4+YT#e1

X =="1"N,

XR=2NNe

CALL PXPYV (] o XL o XReDX Ny T NX 1504+ 1ERR)

cabLL WXUYV(ZQYBQYTQDVQMQJQNYO15000!EQQ’

CALL GRIDIVILI oXLeXReYBaYTeDXoDY s NeMy=To~JeNXoNY)
NN7IEK =1 4500

IF(DPFRFAO(K)eFDeNeNIGOTO7S

FX=K=1300

CALL POINTV(FXNPFREQ(K ) s~N)

CONT INUF

CALL leNTV(-33,33HFLiGHT PEQFORMANCFE RFEGERYE #% 1LBg,380,20)
CALL PRINTV(BD«TITLE(1)4272,0)

CALL ADQNTV(“.-14.-Q.QHFQ=QUFNCV.3.668)

YR=NenN

YT=1e0 N

CALL 0thV(2-YR.YT.DY.M.J.NY.15-0.IERQ)

CaLpL GQ701V(1QXL'XQQYBQYTQDXODYONOMQ’IQ-JQNXQNY)

KiK=nm

DPSuM=0en

NOlnoK=1 ,600

DEgM=NP qUM+DPFREQ (K)

IF(DPgUMeFQe0eNIGOTOL100

Ey=K—-200

SUMPL T=DPSUM/FNIT

IF(SUMPLTLTee35)GO0TORE

IF(SUMPLTeGEe1 «0)GOTOBSE

K =1+ 1

CIIMQEX (KK )y =F X

CUuMSSY (KK )=guMPL T

CALL POINTVI(FX+SUMPLT.0)

CONT INUE

CALL PRINTV(-33,33HFLIGHT PERFORMANCE RESERVE ## LBS«3804+20)
CALL PRINTVI(SBO.TITLE(11):27240)

CALL APRNTY(O.~14,-11:11HPROBABIL ITY+0.582)

CALL NXDYV(1CUMOSX (1) 4CUMISX (KK)sDXeNeTeNXs15e0¢IERR)

CALL NXNYV(2+09541e0¢DY Mo JNY 115604 IFRR)

caLL GRID]V(IOCUMQqX(I).CUMQ%X(KK)Q.Q%O‘.O!DXQOY'N!M\-!'-J'NXONY)
CALL APLOTV (KK, CUMOSYX » CUMOSY e1sleled2,1ERR)

CALL PRINTV(-33,33HFLIGHT PERFORMANCE RESERYE %% L BS,380,20)
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CALL PRINTVI(AOTITLE(11),
CALL APRNTV(0s=184,-11411HP

RE TURN
END

SIAMAD

* ok ok X

UNRAD

NORAD

AD
NGP
NCALC
(=Re Yo
TICFN
TARLF
ENMRD

RANNDOM
FNTRY

CALL
ARG1
ARG?2

SAVFE
LDO*
MPYy
CSTO*
rLA
LRsg
xCA
FAD
STO*
RETURN
FNTRY
CALL
ARG
ARG?2
cAy®
LNQ*
MDYy
cTA*
MDYV
PAC
cLa
STO*
RETURN
CONTRL
ASS
Age
RS]
RSS
Req

NULL
END
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0)

272
ROBABILITY,.0.,582)

UNRAD
UNRAN (ARG +ARG2)

PRIMFR TO BE yUSED
A RANDOM NUMBER [N FLOATING POINT
THIS NO 1S GREATER OR = ZFRO AND LESS THAN ONE

a SAVE [INDEX 4

q.4 LOAD WITH PREVIOUS RANDOM NO.
xNA43277244615

2.4 STORE RANDOM NUMBER

=N2AnN FLOAT

A AND

=0 NORMAL 1 7ZFE NUMBER

a,a STORE ANS IN ARG?2

UNRAD RETURN 70 CALLER

NORAD

NORAD (ARG 4ARG2)
PRIMED TO BFY ysFn
A DANDOM N0 OF VARITANCES

1.4 SAyFE INDFyx 1 AND INDFx 4

2,4 LOAD wITH PREyI10ys RANDOM NOe
=082 7TP44K15 SRS

1,4 STORE RANDOM NUMRER

==00 CONVFRT TO NUMBFR

vl SET INDEX 1 TO CORRECT ENTRY
TABLE .1 PICK VALUE FROM TABLE

a.e STORFE ANS IN ARG2

NODAD QETURN TO CALLER

NGP, FNDBD

300

190

I3

o

=nn
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