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RTcc REQUTRm"TENTS FoB Apor,Lo 12 (l.nssror n-r ) :

TNAI{SLUNAI INJECTION PROCESSOR

By David S. Scheffltran, Jerome D. Yencharis,
a.nd Kenneth T. Zeiler

SUMMARY

For the Apol1o 12 (H-1) mission, the Reaf-Tine Computer Complex
must be able to sixnulate the nominal S-IVB hypersurfa,ce solutions for
translunar inJection and to do mission planning for a d.ispersed e&rth
parking orbit.

Ttris docur0ent describes the f\rnct ional flolr of the translunar
inJection processor and the dets.iled logic that a11ovs the flight con'-
trollerB to select and display one or nore of the fo]loving options.

S-fVB hypersurface solution

Integratetl free-return trajectory

Ilybrid e1Ilpses

Specifled apogee altitucle

INTRODUCTION

The transl-unar inJection processor for the I{-l- nisslon consist8 of
tvo baslc conrputation modu].es.

1. Hypersurface (i..e., subroutine IIIPER )

2. General-ized iterator (i.e., forward iterator)

b

c

d
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Both of these baslc conputatlonal modules are documented. Refer-
ence I comp].eteu describes the loglc and assoclated lnput and output
for the hylnrsurface. Ihe baslc structure for the generallzed iterator
is docunented ln reference 2. Because the generalized iterator is alreedy
deflned, thls document need only descrlbe the arrays for the delEndent
and lndependent varlab.Ies and the computational sequences used by the
generallzed lterator.

The TLf processor also uses the subroutine LITAX to generate tatgeting
paraJaeters. The fi:nction a"nal d.etaifed. logic for this subroutine are des_
cribed in the terb.

In addltlon to deflnlng the detall€d flovr of the computatlonal
nodes for the generallzed iterator, the text descrlbes the functlonal
ffow of the processor. fhe functlonal- fl-o!, ll-fustrates the lntegratlon
of the baslc computatlonal modul-es into e single unit that satisfies
mission control requirements.

NOTATION

EPO

FGI

TI.I

MM

MIT

8.e.t

G.m.t

Btcc

SC

Abbrevlations

earth parklng orblt

flrst guess loglc

trans funar lnjectlon

nanua.I entry devlce

mlsslon planrlng table

ground el-apsed tlme

Greenwich mean tlme

Rea].-T1me Computer Comp].ex

spacecraft



a

C

SymboJ.s

semlmeJor axls

he l ght

incl-lnPtion

lnjection opportunlty flag

t lme

radlus

target update f Jag

vElocity

eccentricity

declinatlon of the target vector from the EpO
plane measured posltlvely toward the EPO axls
of rotatlon

fl1ght-path angle

a z lmuth

the perlgee rlng half angJe

longltude

argument of perlgee

Ilght ascenslon

.Iatltude

)

rdw

H

I

TUI-

M

T

R

V

e

b

lI

o

I
0)p

o

0



)+

b

fr
lgn

m8n

nd

p1

!em

rtny

tLL

Subscrlpts

burn

coast

free return

lgnltlon

mane uver

node

pe"ilune

remalnlng

reentry

tran6].unar lnjectlon

TUNCTIONAI FIOi,i ].OGfC

The TLf supervlsorxr loglc controJs the computetlon procedures
whlch s lmul€te the S- II/B lnJectlon maneuver from the earth p8rking
orblt. Ihe optlons aval].ab]e enabl-e the flight controller to s imu.l-ete
the nomina] S-I\IB burn from any lnjection opportunlty or to generate
afternate fught p]an6 vlthln the S-IVB AV capab11lty. FloL' chart .I iILu6-
trates the functional flow for the trsnsfunar lnJectlon processor.

Ihe output for the sutrErvlsory ]-oglc ls the pl€nnIng dlspby
whlch provldes d1glta1 lnfomatlon for the f]lght controller. The
fomat and the dlglta] lnfoxmatlon dtsplayed are deflned In ref-
erence J.

I'he TLf sulErvlsor provldes four ml.sslon optlons for the fl1ght
controller. Ttrese optlons sre J.lsted be fcn' 1n the older of increaslng
mlsslon degradatlon,

a Optlon ] - tbe S-I\/B lqrpersurface s ofutl.on



,

b. Optlon 2 - lntegrated free-return traJectory

c. Optlon J - the baslc clsltular elllpse for the hybrid m1861on

d. optlon l+ - spclfled apogee altltude

The proceseor sLmulstes the S-I1E lnJectlon Eaneuver for any ln-
Jectlon opportunlty for each of the abov€ ogtlons '

Forano{01na1orn1ldl-ydlsSrrsedEPOrnormal.]Jrthehypereulface
wlIL target the TL,I IIlEne ur/er for the ApoILo mleslons' The hylersurface'
aescrfb€e' ln deta1l 1n reference 1, 1s an onboard S-IIIB targFtlng
echeme baeed on emplrlcaf data. No uldate capablllty la provlded for
the \ypersurface .

tr'or nonnominal situations the generalized lterator has the cap-

atifity io generate tfre nfssion E*1 integrated free-return traJectory to

it .-"oiri""f-ri s s ion Preflight end' contii"tion or retarget to s' htgh eI-
Iilticaf eerth orbit.

Thefree-returnfogiccorputesanewtraJectorytoanonlna].
height ;d latitude at pEri:-une- ty first generating an integrated traJec-

tory to the nonina] nodal positlon'

Options 3 and )+ conPute alternate- fligbt plarls 1llth en S-M
burn into a high eJ-Iipsu-.- Tt't progran ]ogic-corputes tbe high ellipse
eigher by naxinizing tpoe"t-trtit"i9 -1oI 

; given AV (optlon 3) or cal-
cuJ.ating a high e11ips. iitrt " specified apogee altitude (option ll)'

Gt;; prorlau" th-e basic cislirnar euipse from vhich a circuln}unex

rritiiJ ,rl^""r.n can be generatea' [Ttre coiresponding SPS thrusting
i"u.o"rr", fron the c isl-un8r ellipse onto the transl-unar tr&Jectory

could be couputed. s,,d. associatei para.neters -6lsp1ayed 
by the nidcourse 

-
;;;:"""t"6;i.-r,l ' 

j- l"-i"ai""t"-a above under option \' a desired apogee

a.Ltitude is iuput uanuar:-y to the Progran and the correspoDtliDg high

Jiip."-*ra th; s-rvB ttr:r'Lting '*trr"t1 
conpute'l a'ad thc approprlate

q"-r"iii i.J-aispl-eyea. ru"-:-tgi" is used to corpute the nlsalon E type

;;;i1i;"; for the niseion H-l alternate Lission capabillty'

In optlon8 2, 3, and l+, one pess is.nade througb the Bubrout ine.

IWAI a; r'o::u,:fat e 
- 

s-ivB tarieting parauet erB ' LVTAB acceptB as lnput

"ur"r":. 
pars.meters from the Eenerit-i"a iterator output ' The tlansfer

of the TL,I Eaneuvet to the tr (ref' 5) will cause the eet of S-M
targetlng para,:neter s to be transfer"ed automatically for options 2' 3'
end \.



INzuT - OUTPI]II

Inputs for aU- TLI processor options faII into txo categorles:
quantltles from a Data Table, and quantities r0anually entered. d.uring
the [.lBsloD via MED. Ttre Data Table contains t'arlabLes rhich are need-
ed. to execute the different options. Ttrese varlableB may be target
parEmeters used ln one of the alternate mLssions or first Suesses for
certalu ladependent variables used. in the integrated free return. This
table also conta146 paremeters vhich change according to the nomlnal
m.lsslon deBlgn anal laul1ch d&y. Each time a.n option is to be coroputed.,
the approprLate lud.ependent and. d.epend.ent varlables and thelr d.e61red
lralues ere ca1led from the Data Table. The MD quantltles and Data
Table are deflaed ln tables I and. II, respectively.

outpu.t frou the TLI processor uiII be of three tfpe6: thet d.1s-
played, that se!.t to the I'ET, and that l,lhlch updates the Data Table.
Dlspl,ay parameters are aho!{n in table III and d.efined ln reference 3,

lll'o Bets of pa,rameters are d.eflned for the TLI processor and. MPT

lnterface. fhe lnfornation 6ent to the MHI for the noElne1 }54:ersurface
burn ( optlon 1) 16 defined as fo].l-ovs,

a. InJection oPportunitY fLeg

b. flrrget flag Lndlcatlng no upd'8te

tr'or the m166lon deslgE options (optlone 2, J, and 4), the para-
Beters tEn6ferred to the MPT incl-ude ttre following.

a. Guldrance mode flag

b. Target fJa,g inAlcetlng update

c. Updatett S-fVB tarcetlnq na^ra.neters

A6 stated lD the flmctlonal flolr descrlptlon, the aPproprlate
parameters r,r111 be automatlcallJr tranEferred. to the MPI from the TLI
proceBBor.

6
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INTXGRATED FREE-RETURN TNAJXCTOBY

The generaJized iterator (ref. 2) viI1 be used. in the RTCC in
conJunction with the folloving procedr.re to compute sr integrated. free-
retr:rn-type miBsion.

Step I.- The first step is to integr&te the esxth parking orbit
from the curent vector to the nominal TII ignition time. The state
vector obtained at the nomineL TLl ignition time vill be used. as the
base state for both the first guess 1ogi.c and the generalized iterator.

Step 2.- The second. step is to co[pute first guesses for Cr, T",
anti o by the use of CIST (ref. 5). To eliminate the tangency sulfece
p"oblem (ref. 6), CIST should. be solved so that 0n1 is zero. [ttre
inaccessible node fogic (f1or chart 2) is also for:nd in ref.5l. To
avoid departure from the range of valldity for the TLI po1].nonlnals,
the first guess useal for 6 is one-fourth the value obtained fron CIST.

Step 3.- The third step is to compute a conic free-return traJectory
to the noninal peri.J.une alti.tude and latitude.

Step 3

Ind.ependent
variables

Fi.rst
gues s

Trigger Wei.ght Step
size

c
3

T
c

6

o

CIST

CIST

CIST/U

CIST

0n

0n

On

0ff

I

I

1

-2t
2

-22
2

-2t
?

Noniual- -
0.5 n. ni.

Nofllnal - 0.010

900

6!.r n. ui.

oo

Dependent
variable Minirrum Maximum - C].eas

tle 5l lnat or
E-

p-L

opr

rpt

xf" rtn
rf, ,to

NoeiDaL +
0.5 n. n1.

Nonlna.l- + O.O1o

1820

ol.o n. mr.

1

1

0

1

0

5)+

8

Weight

g00
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Step l+.- The fourth step uses conic fol1owed by integrated TLMC,
c ombined vith the state vector at peril-une from TLMC step 3, to refine
the value of Cr. The translunar flight tille fron step 3 is offset by

ATl,ltrD. fhe ind.ependent a.nd. dependent variable array is a.s fol].ovs.

Step \

Ind.epend.ent
varis.bles

First
guess Trigger Weight Step

size

Loncitude -" pr-

Velocitv -- pl-

Az iruthrl

ATIII-p1

Step 3

Step 3

Step 3

Step 3 - AT
I,ED

0n

0n

0n

0ff

1

1

1

-19
2

-19
2

2

Depend.ent
veriable Minimun Maxi-mum

Class
Deiignator Welght

X (post-TLI
point )

Y (post-TLI
polnt )

Z (post-TLI
point )

y (TLI point )

Step 3
-. uo) I n. !It.

Step 3
-.0657 n. ni.

Step 3

-.0657 n. ui.
oo

Step 3
+.065? n. ni.

Step 3
+.0557 n. ui.

Step 3
+.06r? n. ni,

90"

1

t

1

0 1

Step 5.- The fifth step is to compute ar integrated traJectory to
the nortrlns.]- peri}me position by use of the offset flight tix0e fron
step l+.

Step 5

Independ.ent
vari.ables

First
guess trigger Weight Step

size

ci
T

6

o

AT
nd

St,;i I
Step 3

Step 3

CIST

Step 3 - AT
MM

UN

0n

0n

0ff
0ff

1

1

1

_r1
2

2
_r1

2

-19
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Depend.ent
vaxiable Minimr::l Maxinum Class Weight

H
nd

A
'nd

1''nd

I
nd

Nominal -
1.0 n. ni.

Nonina]- -
o .lo

Nonlnal -
0 .10

900

Nominal +
1.0 n. nd.

Nondnal +
0 .1_o

Nonln&1 +
0 .10

1820

1

1

I

0 6+

Step 6.- Tbe final step uses the converged rulsvers determined
froo step 5 as first guesses to initiate the integr&ted. free-return
traJectory.

Step 5

Independent
variables

First
gue ss

Trigger Weight Step
size

c
3

T
c

0

o

Step 5

Step I
Step I
Step 5

0n

0n

0n

0ff

1

f

I

-21
2

-22
2

-2t
2

Depend.ent
variable Mini-muJo Maximum Class Welght

H.
p-L

0p1

Hfr rtn
Ip1

I fr rtn

Noninal -
0.5 n, ni.

Noniaal -
o. 010

60.8, n. ni.

900

00

NoEinal +
0.5 n. mi.

Nonrinal- +
0,010

70.85 n. ni.

1820

900

I

I

1

0

0

6)-+

B
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If a nomlnal- second S-IVB burn is not avallabl.e, the generallzed
lterator c cmErtes a bu-rn lnto a ctsfunar eu.1gblcal earbh orblt. Ittls
e]-Llpse ls the lnltlal traJectory from whlch a hybrld c 1rc uuf-unar al-
ternate mlsslon can be generateal. (tr'or a descrtpblon of this afteroate
mlsslon, see ref. l+. ) [he computatlonal procedu::e, deflned belcel,
maxlmlzes apogee altltude for a speclfled AV aval.]fbl€ for TIJ. The
vafue of C. 1s cal-culated lnterrlallJ for a 6 = 0. I{owever, thls va.l-ue)
of C, wlJJ be close enough for a flrst gues6 when 6 1s not zero. Ttre

flrst gues6 for C, lE shown 1n the aptrnndlx. llb c ompute thls e]-Il-pse

from earth orblt, use the foJ.lc,wlng array:

Independent
€r1abl€

Flrst
gues s We lght

Step
s ize

c
1

D

o

Tlgn

flrst guess is
a firnctlon of AV
avai.lable for TLI

Data TabLe

MM

)+

Not trlggered

Not trlggered

Not trlggered

2 -21

Dependent
varlabl€ Mlnlmum Maxlmum

Class
deslgnator 1,/etght

Mtlt Deslred - 5 fb L

Hybrld Altemate MlBslons

Data Table

pus 1r,s6 + ) Ib
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MISSION E-TYPN EI,].,IPSES

If the S-fVB ls not capabfe of lnJectlng the SC on a trans.Iunar
traJectory or lnto a hybrld elLlpse, the onlJ al-ternatlve ls to lErform
an E-type mlssion. Wlth the apogee (speclfled aftltude ) of the elllpse
known, the energr (C-) ls predete:mlned. Exerry Is 8 functlon (see the)
appendlx) of apogee and 1s determlned by the relgtlon 

"1 
= u/^ Apogee

altitude 1s measured from the earthts surface. Because apogee is al MED
quantlty, the generallzed lterator vlIL be used to lntegrate the re-
sultlng eILlIEe and generate the dlEpl€y. llhe lndeFndent and de pendent
vallabl€ array i8 as fo]-lcttB.

D

o

T

C

1en

hedetermlned

Predetermined

MID

For flrst guess, see
appendlx

Not trlggered

Not trlggered

Not trlggered

)+

3

We i eht
Step
slze

Independent
'vsriable

Flrst
gue sse s

2-23

Dependent
l'erlabl€ Mlnlmun Msxlmu-!t

Cfass
de6lgnetor We ight

Apogee ]'{EID+1n,mi. ]

After the sbove array has been converged ln the conlc mode, the
termlnaf valle of C. afong vith the constant val-ues of 6. o. and T.J ' lgn.
are useal as flr6t guesses for the lntegratlon of the eJ-llpse. The variable
array-for the lntegration wiIL be the same as for the con1c.

!m- 1n. mi.



As in the hybrid nission, the interna.l calculation of C

sufficient as a first guess if 6 is not zero.
nil1 again be

3

The d'etailed flord chart for the mi.ssion E trDe of ellipse is presented
1n flov chart lr.

SIMULATION OI' SECOND S-IVB BURN

A11 S-IVB second br:rns are simulated by use of the polynonials from
reference 8. For options 2, 3, and l+ of this precessor, the use of the
po1)momials is straightfor-ward.; but for option 1 (the hypersurfa.ce solu_
tion), the poUmomia.ls will be used. somevhat differently. Table IVlists the inputs needed to eva.].uate the poJ_ynonials for option l-. Note
lYom the table that sever&I of the j.nputs are obtained. fron subroutine
HYPIB. The equations necessary for the evaluation of the polynomials for
option 1 are conta.ined i.n flov chart 5.

I,AI'NCIT VEHICLE TARGETTNG SUBROUTINX

The subroutine LVTAR vi11 generate the targeting parameters
by the subroutine HYPXR to provi.d.e targeting lDput the IGM in the
for options 2, 3, and \. LVTAR uses the input provided by one of
real-tine mission design options and trsnsforms the reference for
of the ps.ratreters,

need.ed
MPT
the three
three

Flov cha,rt 6 presents the detailed flow for LVTAX, and table V
describeal the lnput/output for the subroutine.

t2

The TLI poltrmonials usua.Ily €:le used (options 2,3, and [) when
no ta.rget vecto" is present for the TLI si-nu].ation. However, in option 1,
a definite target vector is useil and the lgnition geometry is fixed. The
equations in flow chaxt 5 iflustra.te the method. of using the TLI polynomials
to provide the AV and burn time for the maneuver,
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TABLE I.- MED INPUT

Input option I Option 2 optlon 3 Optlon l+

Dl6play
tloE cod.e

rdvp

TU1

Tt*

AV
aval].abl-e
for TLI

Ha

x

x

x

x

x

x

.I!

I

x

x

x

I



1l+

TABLX II. - DATA TABLEP

"fmn/OUtfUf f or optlon l- i the noDlinal hl4)ersurface solution

?arameter opt1on 2 option 3 Optlon l+

d.'fgn
)..rgn
r!.
' lgn
T.

rgn

pc

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

I
6

o

r

pc

x

x

fr

pc

rrny

RtDy hxg

i
co

BAI

x

x

x

x

x

e

C
3

u)p

f co

X

x

x

x

x

x

x

x

is d.efined. ln reference 1,
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TA.BLE ]II . - DTSPI,AY PAIAI4EIEB,S

aPararneters external to thls Processor are deflned in reference ,.
bParameters computed dlrectly 1n TIJ processor.

cParameter computed by use of the stsnd.ard rocket equation.

dParameters computed by use of existing I3M subroutines.

Parameter optlon.1 Optlon 2 Optlon, Optlon 4

STA]D
6r'\f
@T\F

a

I,TETGITA
D BE'\f

VENT:
CODE"
@rfi{a.
GETI36 

O

GI'ITG 
O

q'
Avr"r,

AYr",,
6ri

b

c

a

dta, u

1d
1gn.

x
x
x
x
x

x
x
x
x
x

x
x

x

x

x

x
x
x
x
x

x
x
x
x
x

x
x
x

x

x

x
x
X
x

x
x
x
x
x

x
x

X

x
x

x

x
x
x
x

x
x
x
x
x

x
x

x
x

x

x

l
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TASIE rV.- INzuT/OUTPUT rDB pOryNO],{rAI

SIMUIATION OF T]J (HYPEFSUBT'ACE SOITTION )

C

INPI'T

[trYom subroutlne IIffEB]

twice vls vlva enersr deslred et cutoff

the perlgee ring half angle

state vector at lgnltlon

L-E?om subrou-tlne u-Iv5J

thrust magnitude at nominal- mirtuJe ratlo

thrust rnagnitude at adiusted mixtu-re ratio

ueight ffow rate at nomlnal- mlxture ratlo
( posittve )

[ottrer tnput ]

ve lght at ignitlon

OUIzuT

characteristic velocity

burn time

1

o

(n,V,t)
IGN

T

F
l_

I'\r

w

AV

IGN

uB



rpAl

At-
tr

LT

TABLE V. - INPUT/OUTPT]'I FOR SIIBROI'TINE LVTAR

INPUI

constant (premission)

longitud.e of launch

constant del-ta time from restart preparation
initiation to engine ignition

Variable Inputs

i.nclination of desired cutoff plane

eccentricity of desired cutoff elllpse

tvice vis viva energy desired at cutoff

argument of perigee of deslred cutoff ellipse

estinate true anomalY at cutoff

time of ignition

actual time of launch

right ascension of ascending node of desiretl
cutoff ellipse

right ascension of Greenwich at time of
].aunch

OUTPUT

1

e

(r)

co

3co

p

f
co

t

T
1

RAN

BAGL

135 time of restart preparation initiation

C
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TABIE V.- I\PUT/OUT?UT IOR SUmOUrIIIE IWAR - Concfuded

Output

i

e

inclination of desired eutoff pLane

descending node of cutoff p1ane, referenced
to launch meridian at t i-me of launch

eccentricity at cutoff

tvlce vls v!-va energr

angl€ from desized perlgee of cutoff
e].}lpse to descending node of cutoff
eIllpse

estlmated true anamoly at cutoff

lnd.lcates target uglate

n

e

c_

d
d

f

mIl=1



TRAN SL UNA R INJECTION PROCE SSOR

HYPERSURFACE SOLUTION

r

I
IL

INTEGRATE
EPO

MAXIMIZE APOGEE
ALTITUDE FOR

CISLUNA R ELLIPSE

TARGET FOR SPECIFIED
APOGEE ALTITUDE
l\illSSl0N E- TYPE

ELLIPSE

TARGETING PARAMETERS
FROM HYPERSU RFACE

TIME TO INITIATE
RESTART

DETER]\,IINE:

CALL'CIST' FIRST GUESS LOGI

ONV ERG E CO NIC FR EE R ETUR N

T0 NOMINAL HpL AND 
'l,pLT86 INITIATE

ONIC AND INTEGRATED TLMC
us tNG oFFSET ATnd

COMPUTE AN INTEGRATED
XYZANDT

INTEG RATED
FREE RETURN

HYBRID
MISSIONS

FORMULATE S-IVB
TARGETING

PARAMETERS

CONVERGE AN
INTEGRATED

FREE RETURN

STORE AND CODE
S-IVB TARGETING

PA RAftilETER S

o

Flow chat l.- Functional flow logic for the tnnslunar injection piocessor.

SUBROUTIN E HYPER

MtssroN E
OPTIONS

SIMULATE TLI
wlTH POLYNOMIALS
(SEE FLOW CHART 5.)
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YES

Flow chart 2.- Detailed flow logic for an integrated free return'

ENTER
CONVERGE CONIC FREE
RETURN TO NOMINAL
HpL AND vpL

INTEGRATE EPO FROM CURRENT

VECTOR TO NOMINAL TIfuIE OF
TLI IGNITION

COMPUTE CONIC AND

INTEGRA TED TLMC TO

UPDATE Ca USING

0FFSET ATnd

COMPUTE AN
INTEGRATED
XYZANDT

COMPUTE CIST
FIRST GUE SSES
FOR VALUES OF

c3

T
c

8
af

STEP 6 OF THE VOP

.a"/"> 6 oF THE MoP

COMPUTE AN INTEGRATED
FREE RETURN US ING THE

Ca, Tc, 8 , AND o FROM

THE PREVIOUS STEP

INACCESSI BLE
NODE

EXIT

CIST FIRST
GUESSES FOR
VALUES OF

c-)
T

c

E
o

REC IVIP UT
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ENTER

INTEGRATE EPO FROM
CU RREN T VEC TOR TO

NOMINAL OR MED TIME
OF TLI IGNITIO N

MAXIMIZE APOGEE OF ELLIPSE
BY CoMPUTING Ca AS A

FU NCTION OF AV AVAILABLE
FOR TLI

CONVERGE ELLIPSE IN CONIC MODE

US ING:
c-

5

8
a CONSTANT

= r (AVrlr)

Ttctt

INTEGRATED MODE USING THE

ANSWERS FROM THE CONIC STEP
AS A FIRST GUESS TO THE ACTIVE
tNDE PEN D EN T VARIABLE Ca.

8,o AND TIGN ARE PREDEIERMINED

EAN E IN

ONSTANTS

EX IT

Ftow chart 3.- Detailed flow logic forcomputing a hybrid ellipse.



Flow chart 4.- Detailed flow logic for computing a mission E-type elllpse.

ENTER

INTEGRATE EPO F ROIi]
CU RR ENT STATE TO NOMINAL
TII,4E OF TLI IG NITION

CoMPUTE Ca AS A FUNCT|oN

OF THE PREDETERMINED
AP0GEE:^L3= - P/a

CONVERGE AN ELLIPSE IN THE
IN TEG RA IED MODE USING THE
ANSWERS FROM THE CONIC STEP
AS A FIRST GUESS TO THE ACTIVE
tND EPEN DEN r VARTABLE Ca.

8,aAND TIGN ARE PREDETERMTNED

CONSTANTS.

EXIT
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FloH chart ,. - Slnulatloix of BeeoD.d. S-IVB bu::e
(hlpersurface solutlon - optlon 1)

START

= UNIT
IGN

.N

IGN

N RI ( )

I

v

IGN

6=sinr(T

xV

'tclt -

-II ' IGN

w = wrctt - il atr,

Avt

ca, o, 6, r/W, RrcN

av = P(Av) +Av

At
B2

].-e

n

I

tms

co(
UBN

I
+ AtB2

Evaluat e poI].nomial for

P(^v) = r

)

(,F)(
AVW

OUT

AVt

^ter 
= IrF-r[IT!-

)

*ro* = liro*l

=tE
t\c,,

n

wtcw



il!

START

c3= c3"o

co= 180(DEG) - too

f=f
co

8n = RAN + 180 DEG - Ae

l=l

TUl=l

8e= RAGL+IpAo

co

T86=tisn-At5

e=e
co

RETURN

Flow chart,O.- OetaiteU flow logic for subroutine LVTAR'
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APPENDN(

IrrBRD, AIIEEI{ATE MTSSIONS

Flrst guess for C,

Assui'e l4[l= aV for 6 + o:

laVl= e * rsp * r" (qro/qr")

ca=t^ilz-h..t"vffi

t = redlue at 1gn

MISSION E-TTPE EI,IIPSES

E1r6t guess for C
J

HOn=a(t+e)-fe.r. helght of apogee

H = a(r - e) - L e.r. helght of perlgeep

p*Hp=2a-2e.r.Hl

,=f,oru*Er+]e.r.

Hp assumed to be l-05 n. ml.

cr= - v/a
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