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ABSTRACT

Program SEPSIM is a FORTRAN program which performs

deployment, servicing and retrieval missions to synchronous equatorial
orbit using a Space Tug with a continuous low thrust upper stage known

as a Solar Electric Propulsion Stage (SEPS), The SEPS ferries payloads
back and forth between an intermediate orbit and synchronous orbit, and
performs the necessary servicing maneuvers in synchronous orbit. The
Tug carries payloads between the Orbiter and the intermediate orbit,
deploys fully fueled SEPS vehicles, and retrieves exhausted SEPS vehicles
when and if required.

The program is presently contained in subroutine form in the Logistical
On-orbit VEhicle Servicing {LOVES) Program, but can also be run

independently with the addition of a simple driver program.
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1. INTRODUCTION

SEPSIM (Solar Electric Propulsion Stage Simulation) is the name given to a
group of FORTRAN subroutines contained in the Logistical On-orbit VEhicle
Servicing (LOVES) Program. The function of these subroutines is to determine
the performance capability of a specified Space Tug/Solar Electric Propulsion
Stage (SEPS) combination for any number of deployment/servicing/reétrieval

missions to synchronous equatorial orbit.

The high thrust Space Tug operates in the low altitude regime while the low
thrust SEPS operates at high altitudes (above 8000 n mi) only. The payload
to be deployed is carried by the Tug from the Orbiter to an intermediate
orbit, The payload to be retrieved is carried from synchronous orbit by the
SEPS to the same intermediate orbit, where the two vehicleg rendezvous and
exchange payloads, The SEPS delivers its new payload to synchronous equa-
torial orbit, while the Tug returns its new payload to the Orbiter, The
constituents of the deployed payload weight are distributed as required in
synchronous orbit by phasing maneuvers performed by the SEPS, The SEPS
is assumed to operate in the "ground-based mode''; that is, the SEPS is
initially launched with a specified amount of fuel, and when that fuel is ex-
hausted {or nearly so) the SEPS is either returned to Earth for refurbishment

or abandoned in space.

In normal usage a call is made to the executive subroutine of SEPSIM
containing information on the mission to be flown (e.g., weight to be deployed,
weight to be retrieved, servicing maneuvers to be performed in synchronous
orbit}. The program determines the optimal (minimum SEPS fuel) inter -
mediate orbit at which changeover should occur based upon the characteristics
of the Tug and SEPS vehicles which are stored in a COMMON area. Program
outputs include intermediate orbit altitude and inclination, SEPS ascent and

descent times, and SEPS fuel remaining at the end of the mission.



SEPSIM is designed to be called for a number of missions in series. This
is the manner in which the routines are used in the LOVES Program and,

if it is desired to run SEPSIM separately from LOVES, a simple driver can
be coded for this purpose., In this usage, the time and fuel remaining on a
SEPS vehicle are monitored and Tug flights are automatically initiated to
launch new SEPS vehicles as required and return expended ones, if required.
Missions which are found to be within the capability of the Tug alone are
performed without the aid of SEPS, and paylecads which cannot be boosted

to a circular orbit of at least 8000 n mi altitude by the Tug are not launched
since the SEPS is not allowed to operate in the region of the Van Allen

radiation belts (due to rapid solar cell degradation).

The overall method of solution is outlined in Section 2 and program usage
is discussed in Section 3, Appendix A contains gsimplified program flow-
charts, while more detailed logic flow can be derived from the program

listing in Appendix B. A sample output is presented in Appendix C which

displays various options which are available to the user.

-2



2. METHOD

The simulation of Space Tug/SEPS operation is performed using the
following set of subroutines: (flow charts for the two main subroutines
are included in Appendix A and listings for all subroutines are contained

in Appendix B)

SEPX: This is the executive routine of SEPSIM, In it the decisions
are made as to \;vhen a new SEPS must be launched or retrieved,
whether the given deploy and retrieve payloads can be handled in a
single Tug/SEPS encounter, or whether additional Tug flights are
required to support the mission. This logic has heen kept separate
from the SEPS performance equations to facilitate logic changes to
incorporate mission modes other than the ''ground based mode’ which

is presently baselined.

SEPIM: In this routine the performance of the Tug/SEPS combination
is computed by calls to more detailed performance subroutines, The
delivery, servicing, and retrieval of payloads is accomplished and the

fuel and time remaining on the SEPS are decremented accordingly.

TUGCP: This subroutine calls the appropriate Space Tug configuration
to determine the Tug capability. Presently only a single stage cryo-

genic Tug performance model (CRYCOl} is available,

CRYOIl: In this routine the AV capability of a single stage cryogenic
Space Tug carrying the required deploy and retrieve payloads is
computed. The Tug is initially either filled with propellant or filled
to the gross weight limit of the Shuttle., Impulsive AV's are assumed
with a specified performance reserve to allow for {inite burn effects

and propellant margin.



INTORB: From the AV which can be supplied by the Tug, this routine
computes the optimal {(minimum SEPS fuel required} changeover orbit
altitude and inclination, This is done by a table lockup procedure,
since the optimization study for a synchronous equatorial mission orbit
has been previously accomplished in a manner which is dependent only

upon the AV which can be supplied by the Tug.

SEPDV: Given the optimal changeover orbit calculated by subroutine
INTORB, SEPDYV determines the AV {and corresponding mass ratio)
which must be expended by the SEPS. Edelbaum's " simplified equations
for low thrust vehicles are used in calculating the AV required. Again,

a performance reserve factor is provided.

PLUPD: With the mass ratic from subroutine SEPDV, this routine
decrements both the propellant on board and the SEPS remaining

lifetime for each payload carried up or down by the SEPS,

FAZS: This subroutine performs the on-orbit servicing maneuvers
using the SEPS and decrements the fuel and lifetime of the SEPS

accordingly,

*Edelbaum, T. N., "Propulsion Requirements for Controllable Satellites",
ARS Journal, pp. 1079 - 1089, {August, 1961),
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3.1

3. USAGE

GENERAL INPUT;

SEPS configuration:

MS

E

P
SISP
SEPK

SR

TSEP
b

MPT

7
TLEFT

SEPS structural weight (ibs)

solar electric propulsion efficiency

solar cell power used for thrust (watts)

SEPS specific impulse (sec)

= 0. SEPS is expendable when fuel is depleted

= 1. SEPS is reusable

SEPS performance reserve factor

thrusting time available on a fully fueled SEPS (days)
mass of propellant onboard (lbs)

corresponding thrusting time (days)

Tug configuration:

TYPE
NSTG
SPAR (3)

WS (3)
WPA (3)
EISP (3)
REUSE (3)

WGA

TR

Hollerith description of Tug

number of stages {present code accepts only NSTG = 1}
indicates whether each stage is solid (=1) or liquid (=0)
(present code assumes SPAR = 0, 0, 0)

structural weight of each stage (lbs)

allowable propellant weight for each stage (lbs)
effective ISP for each stage (sec)

indicates whether each stage is reusable {=1,) or
expendable (=0.)

maximum gross weight of Tug and payloads

which is allowed by the Orbiter (lbs)

Tug performance reserve factor

* :
If the SEPS is to be fully fueled initially, then the program calculates

these values from the TSEP input.
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Servicing information:

NSERV

number of on-orbit satellite servicing legs

(maximum = 10)

DTHETA (10} angular phasing maneuver performed for each

MPLS (10)

service leg (deg)

payload weight carried on each servicing leg

SPECIFIC INPUT:

MPLA
MPLB
ERFLG

NEXIT

OUTPUT:

NTUGS

TLEFT
MPT
HCO
ICOS
TU

TS

TD

weight of payload to be deployed (lbs)
weight of payload to be retrieved (lbs)
= 0 do not erase previous maneuver
= 1 erase previous maneuver

set to zero on DATA card of driver program.

number of Tug flights required to do the mission and
return the expended SEPS if required

SEPS life remaining after accomplishing the mission (days)
SEPS fuel remaining after accomplishing the mission (lbs)
optimal changeover orbit altitude {n mi)

optimal changeover orbit inclination (deg)

time required by SEPS for ascent maneuvers (days)

time required by SEPS for on-orbit servicing maneuvers
{days)

time required by SEPS for descent maneuvers (days)



APPENDIX A

SEPX General Flow Chart

Input: MPLA - Deployed P/L
MPLB -~ Retrieved P/L
ERFLG - 0 don't erase previous maneuver

it il

1 erase previous maneuver

Output: NEXIT - Type of exit from the program
i,e., mission possible or not,
NTUGS - Number of tugs required for mission
TLEFT, MPT - Time and fuel left on SEPS vehicle in orbit.

‘ Start )

< Is this the first > No

call to SEPX?

“Yes

Perform initialization
calculations

fona-

[ Restore conditions

@RFLG = IDYL*J prior to last call

of SEPX
No
|
Save present
SEPS conditions
Can the payload to Initiate a Tug
be retrieved, if any, . Yes _| flight to retrieve
be taken down with P/L and 'nearly
a 'nearly expended SEPS?' expended SEPS'
No Set MPLB = 0

®
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Call SEPIM (MPLA, MPLB, 0) “~_

Can Mission be performed? /

No: NEXIT =3, 4, 7 Maybe: NEXIT = 8, 9 Yes: NEXIT =1, 2, 5, 6
|‘Exit r ‘ Exit
Determine the maximum weight

that the present SEPS can retrieve
and return itself to earth

¥

Is there presently a \ Initiate a
'nearly expended SEPS!' Yes = dedicated Tug
in orbit? flight to return it.
~ No ' ]

4

Retain the present SEPS
as a 'nearly expended SEPS'
and initiate a new SEPS

|’

Is the payload to be retrieved, v Initiate a Tug
if any, within the capability of £8 flight to return
"the 'nearly expended SEPS'? P/L and 'nearly
expended SEPS!
No

Set MPLB = 0

4

Call SEPIM (MPLA, 0, 0) to

determine if P/L to be deployed No: NEXIT = 3, 4

can be taken up on initial
flight of new SEPS ?

Yes:; NEXIT = 1, 2

E xit




Is there a N
F/L to be Q

retrieved? /

rYes

Exit

!

Call SEPIM (0, MPLB, 0) to \
determine if P/L to be No: NEXIT = 7, 8, 9

retrieved can be taken
on subsequent SEPS flight

Yes: NEXIT = 5, 6 Exit

Initiate a Tug flight to
retrieve MPLB

Exit




SEPIM General Flow Chart

]

No < Is present SEPS >
?
A SEPS a new SEPS?
is already Yes

in Sync. Eq. Y New SEPS, first mission,

Determine AV available from
Tug to deploy MPLA and SEPS

‘ Tug delivers SEPS +
! MPLA to Sync. Egq.
SAV Tlegﬁ No Call FAZS for phasing
ync, Eq? - maneuvers
NEXIT = 2
Yes EXIT

! Tug cannot deliver
AV Tug> N MPLA + SEPS to
to reach © - minimum alt.

i 2
min, alt.? NEXIT = 3

ers EXIT

Determine changeover orbit
Determine SEPS A4V
Perform upleg
Call FAZS for phasing maneuvers

i SEPS cannot deliver
SEPS fuel \ No . MPLA
20.0?2 7 NEXIT = 4
EXIT

Yes

i

Mission completed
NEXIT = 1
EXIT
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A SEPS is already

in Sync. Eq.

Determine &V available
from Tug to retrieve

MPLB + (KSEP* x SEPK#** x MS)

and to deploy MPLA

Avlrﬁm No

Tug alone delivers
and retrieves P/L's
to Sync. Eq.

Sync. Eq.?

Yes

AV Tug> N
to reach No

Call FAZS for phasing
maneuvers
NEXIT = b
EXIT

Tug cannot deliver
and retrieve P/L's
to minimum alt.

min. alt. ? -

1Yes

Determine changeover orbit

Determine SEPS AV
Perform down leg

NEXIT = 7
EXIT

SEPS cannot complete
retrieval

SEPS Fuel No
20,07 ~

. along with

MEPLB
NEXIT = 10
EXIT

SEPS is retrieved

Yes
KSEPFP = 07

Yes

Perform upleg

Call FAZS for phasing maneuvers

*KSEP = third para-
meter in CALL
sequence
{= 1 for SEPS final

= 0 otherwise)

J
SEPS Fuel No

NEXIT = 8
EXIT

SEPS can complete
retrieval, but not
deployment

=0.07 e

Yes

i

Mission completed
NEXIT = 5
EXIT

mission,

NEXIT = 9
EXIT

0 if SEPS is
expendable

1 if SEPS is
retrieved

H

**SEPK

H
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SURRJUTT NE

COMMON/TUGVYE

CAMMIN/MTSC/
NOMMAN/SEPYS
COMMINZOUTR/

APPENDIX B
SEPY  {MPLA,MPLR,ERFLG,ZNEXIT )

STPY  THE SFED SYFCTIVE RAOUTINF TT PERFORMS THE
LOGIS NF UTILIZING OF THE SFPS VEHICLE

SPEGFIrT TNPUTY
MOL A PAYLOAD TO RE NERPLOYED
MPLB PAYLOAD TO R= RETRIEVED
ERFLG 0 = NN NOT SRASF PREVIOUS MANEUVER
1 = ERASE THE PRFVINUS MAMNEUVER
NEXIT SET TO 9 ON DATA CAPD OF DRIVER

COMMON INPUT (SEPVEH)
MS
MPT  AMOUNT OF FUEL PEMATNING

TLEFT AMOUNT OF TIME REMATNING
£

=4

STSP SPECIFIC IMPULSE SEPS
MDT

PTCAP

TSEP

PSEP

56 GRAVITY CONSTANT

NUTPUT
NEXIT TYPF OF EXIT FROM SEPIM SUARDUTINE
NTUGS NUMBER OF TUG FLIGHMTS RENUIRED Y0 D0 THE
MISSTION AND 2ETURN THE FXPENDED SEPS,IF
ANY. NTUGS WILL BE RETWEEN 1t ANT 3.
TLEFT TIME AND FUFL REMAINTNG ON SEPS VEHEHICLE
MPT IN ORBIT
NOTE: £APDS MARKFED [2€f0N3L CAUSF PROGRAM TO RECYCLE
FOR NEXIT=3, THFSE GARDS SHOULD BF REMOVED FOR
NON BATCH USAGE , SUCH &S LOVES PROGRAM,
H/TYPE ,NSTGy SPAR(II 4WS{3) 4HPA(3)},ETSPLI)
sRCUSE (31, HGA,LTR
Mt} oG FERST2)
HZSENS,MS,E, 0, STSP,SEPK SR, TSEP
TN, TUSHED,, ICOSMPT , TLEFT ,MOT,NTUGS
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COMMON/CL/MTSSN

COMMAN/T2/TS
COMMIN/SEQYTS /NSFRY  NTHE TA( 103 4 MPLS {10) ,PSEPY, VSERY
REAL MPLS '

2EAL MOT,MPT,MPTSY  MPLR,MBTSY1,TSPS,MPLA
REAL MU

TNTERED ESFLG

STARCH INPUT PARAMETERS FORP MISTAKES

IERR=10

IF ¢ RFUSFE{1) ,LT,., 0.5 ,ANND, SEPK .GT. 0.5 )} GO TO 160
TF ( REUSEC(L) .LT. .5 LAND, MPLA .GT., 6.0 ) ISRR=1S
TF { SEPK LT, 0.5 (AND, MPLB .GT., 0.0 ) IEPP=16

TF { IERP L,FQ, 80 ) GO YO S

MBLR=0.0

PRINT 1G82,IERR
CONTT NUE
RTINC=500.0
HCO0=16D,

TU=0.10

75=0.0

TN=0,10
IC0S=2R”.5

16 = 6

S6 = 6

IF (WFXTT GF, 1) GO TQ 1D

INITIALIZATINN CALCULATATIONS

= SISP * 9,30671
MOT = ( F* P % 4,4009246 ) / € 0 % C )
TLFFY = TSEP

MPT = RALCN.0 * MDT * TLEFT
TSAYE = TLEET

MBTSY = MPT

BTCAP = .0

2TNeSVY = 0.6
INTTIALTZATICN CNOMPLETF
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OO0

QOO0 0D D00

S0 000

oDO000

o

12

28

30

Lo

NTUGS = 1
KTHeCE=(Q PEONS
TF ( ERFLG LGEL, 1 )Y GO T 20 )

NGO = SAyE ORESENT CONDTTIONS

MPTSY = MPT
TSAYE = TLEFY
°TNPSY = RTCAP
GO TO 30

ERASE -

TLEFT = TSAVE
PRINT 105D
MDT = MPTSY
RTCAP RTYCPSY
ERFLG g

(1T

0K - NOW SEE IF PAYLOAD YO RE RETRIEVED, IF
ANY, CAN AE BRROUGHT [DDWN BY A NEARLY
EXPENDED SEPS.

IF ( MPLB LT, 5 ) GO T0 &1
IF { SEPK ,LT, 0,5 ) GO TD 4@
I { MPLE ,GT, RTCAP } GO TD 40

INITTATE & TUG FLIGHT TO RETRIEVE PAYLOAD
AND THE NEARLY EXPFENDED SEPS,

MPLB = 0,0
RTCA® = 0.0
NTUGS = 2

NOW TRY TO PFRFORM THE PEMAINING MISSTION
WITH THE PRESENT S=PS

CALL SFPIM (MPLA,MPLA,C,NEXIT )}



[ Bey

[ B ap oy N v B S

OO0

a0

SO0

50

60

70
75

SEE TIF TT CAN PE DONE = 1,245,686 €K = 2,4,7 NO
IF ¢ NEXIT ,LT, B ) GO TO 90

ITS MGT CONCLUSTVE - OANTINUE
DETERMINE THE MAX WETGHT THAT THE
PRESENT SEPS CAN SFTRIEVE AND RETURPN TTSELF
TD EARTH,

IF t KTHREE EO0. 1 ) GO TO 13§ . RENOD3
MPTSY1=MPTSY

TSAVLI=TSAVE

IF t RTCAP ,LE, B} GO 10 &9

HNTUGS = 2 -

RTICAP=(.0

IF ( SEPK T. 0.5 ) GO TO 75

NOW RETAIN THE PRESENT SEPS AS A NEARLY EXPENDED SEPS
ANO DETERMINE TTS RETREIVE CAPABILITIES

PTCARP=RTINC+10.0

CALL SEPIM  (J.04RTCAPLALNEXIT )

IF { NEXIT ,LF. £ LOR, NEXIT ,Ef5. @) GO TO 100
TF  NEXTIT .€Q. 7 +0R. NEXTT .FQ.R ) GO TO 70
MPT = MPTSVE

TLEFT = TSAv1L

PTCARP=RYCAP+RTING

O Ty A

IT CAN NO LONGFR DO IT -~ INYTIATE A NEW SEPS
RTCA2=RTCAP=-RTINC
TLEFT=TSEP
MPT = TSEP *8K4790,0 * MDT

CHECK ON THF NFARLY FXPENDED ONE

IF § MPLA LT, & ) GO TN PO
IF [ MPLR .GT,. RTCAP ) GO TO 81D
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QOO0

O000 TO0

THF PAYLOLAD TN BE RETRTEVED IS WITHIN THE
CAPARTLITY OF THE NEARPLY EXPENDED SEPT,
TNTITIATE A TUG FLIGHT TO PETRIFVE PAYLOAD
AND SEPS.

MPLB = 0.0
°TCA? = 0,0
NTOGS = NTUGS + 1

A% CALL SEPIM
TE U NEXIT
IF ( NEXIT

CONTINUF = SEE TF THF PAYLODAD TO RS DEPLOYED CAN
BE TAKEN UP ON INITIAL FLIGHT OF NEW SEPS

(MPLALO,04NEXIT )
6T, &) GO TO 140
«GF. 3y GO TO 93

CONTINUFE = SFE IF THERE TS A PAYLOAD TO BE RETRIEVED.

IF ( MPLB LE. 5 ) GO TO 90

CALL SEPIM
IF  (NEXIT
IF ( NEXIT

CAN PAYLOAD TO RE RETRIEVED RF TAKEN ON SUBSEQUENT
SEPS FLIGHT

{0, MPLByCyNEXIT )
JLEL 4 L0FP, NEXIT .EQ. 10 ) GO 7O 1270
+GEe« 7 } GO TO 90

NTUGS = NTUGS + 1

99 CONTINYS
TF ( NEXTIT

PRINT 1030,MTSSN,MPLEB,MPLA,TN,TU,TS,NSFRV,HCO,ICCS, TLEFT MPT,MEXIT

X NTUGS
IF ( KTHREE
PETURN

95 IF ( KTHREF
KTHREE=1
NSAVE =NSERY
TSSVY=TS
NSERY=0
TS=0.0
WiSV=MPL A

+FQ. 3 ) GO TO 35

«EQ, 1} GO TO 95

JEQ. 1) 60 TO 130

REDO3

REDO3

REDOJ
RENND3
REDND3
PENN3
REND3
REDDI
RENO3
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H2SY=MDL B RENN3

MPLA=],D ‘ REDNZ
MOLE=1,0 PEND3
G TD 4o REDD3
s TF [ NEXIT .%Q. & OR. NEXTIT LGE, 7 ) GO TN 130 REND3
NSERV =MNSAVE REDD3
TS=TSSV : RPENOZ
MPLA=WASY REDO3
MO A= WZSY REDOD3
KTHREE=Q REDO3
50 T 42 : REDD3
c rax ERROR CONNITIONS au
c
£
137 IERR = 1
GO T3 150
110 TERR = 2
GO T 150
120 TERR = 3
G0 TN 150
130 IERR=Y4 ' REDO3
150 PRINT 1300 . IERR,NEXIT
sSToP

160 TERR=1]
PRINT 1001,IERR
RETUSN
1000 FORMATY (1HD,T33,12H****% TRROP ,I3,45H IN SFP EXEC -~ TNCORRECT LOG
XIG FLOW., NFYIT =,T3 )
1001 FORMAT ({20X,*-INPUT ERRPOR *,I2,*% DETEGCTED TN SEPX, PPOCEED TO NEXT
X DATA CASE*Y
1002 FORMAT (23X, *=-TNFUT ERROR *,T2,* DETTZCTED IN SEPX, MPLB HAS BEEN S
YET TO 7SR0O¥)
1030 FORMAT (713, 2,40 eF 702X sF 7l gl X 3FBu22XsFBa241X4FE2:%(*,T12,%)%,
Y2X aF7 0l o 2XaFlal s P2XaFBa292NeFRBa2,4X3T2,LX T2
175G FORMAT (20¥,*-DPREVYTINUS MANEUVER HAS REFN ERASED=%*)
END
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SUSRIMTINE FA7S
PCRENRMS SEPS DHASING, ASSUMING CONSTANT SEP THRUSTING.
TNPYTS T NSFRY=NUMRER 0OF SEPVICE LENS.
DTHETA= ANGULAR TRAVEL (DEG) OF EACH SFRVINE LEG.
MPLS= PAYLNAD (LBS) OM EACH SFRYICE LEG.
PIEPY,YSERY= PERION (SECY AND VELOCITY (MP3) OF SERVICE ORBIT.
NUTOYUTSE MPT= FEUL RFMAINIG AFTER PHASING (LRS).

TLEFY= TIME REMAINING ON SEPS AFTER PHASING (DAYS),
NOMMAN/SEPYEH/SEPSyMS,45,P,STSP, SEPK, SR, TSEP
COMMON/MISC/MU,LSG,FEASI(2)

FOMMANZQUTP/  TD,TU,HCO, TCOS,MPT,TLEFT ,MNT,NTUGS
FOMMON/S ERVIS/NSERV,,DTHETA( 10}, MPLS{10) 4 PSERV,VSERY
COMMAN/CZ2/TS
REAL MS MPT,MNDT,MPLS,MKG
REAL MU
F={MDT*9,80621*STSP) /2.204E23
COANSTA1=( 2, 0%¥C*PSERY) /{4, J¥VSERV)
TS=TLEFT
nn 130 N=1,NSERY
MKGS IMSH+MPTHMPLS (M) ) /2.204€23
Ory=SART ( (MKG*DTHETA(NY) /(360.*CONSTL))
TLEFT=TLFFT-((REY*PSERV}/864004)
MPT=MPT - {MNT*REY*PSEFV)
100 CONTINUFE
TS=TS=TLEFT
RETURN
END



B-d

0OOIOONIOODDNOIDNOO0O

jay T W |

SUARAYUTINE  SEPIM (MPLA,

MDY B, KSFPL,MEXTT)

SEPIM THTS SURRQAUTTINE Sn4PYTES THE PERFORMANCE

NF THE

SEPS ON A NEPLOY MISSION,

SPECIFIC INPUT

MPLA
MPLA
KSEP

NEXTT
QUTPUT

NEXTT
NTUGS

TLFT
MPT

COMMIN/SEPYEH/SFPS,MS,E,
COMMANZOUTPZ  T0,TU,HCO,

PAYLNAD TO BRE DEPLOYED

DAYLOAD TO RS RETRIFVED

FRASE FLAG
3 = NONT ERASF PRIEVIQUS MANEUYER
1 = ERASE PRTIEVIGUS MAMFUVER

SET TO 0 PRINR TO FNTRY

TYPE OF EXIT FROM SFPS IF MTSSION POSSIBLE
NUMBER OF TuS FLIGHTS REQUIRED TO

NO THE MISSION AND RFTURN TXPINDED SEPS,
TF ANY., NTUGS WILL BE BETWEEN 1 AND 3
TIME AND FUEL REMAINING ON SEPS IN ORBIT

P,SISP,SEPK,SR, TREP
ICOStHPT,TLEFT,MDT,NTUGS

COMMAIN/MISG/ MU, SG4FEAS(2)

COMMANZTARLE /TUGAV(20)

GOMMQN/TUGVEHITYDF,NSTG‘SPﬂR(B),HS(B},HDA(3),EISP13)

yREUSE (3) , WGA,LTR
COHHQNIS:?VISINS?PUQDTHETA(10lgMPLS(iB’vPSEPVgVSERV
REAL MPL A ¢MPLRZMS ¢MPT4MRTIG,HCO,L,TICOS

REAL MPL S

CREAL MDT

*EAL MU
TS=0.0
TU=0.90
T0=0.0
HCN=160.
INNS=2R. %

£FI2ST TEST IF THERE TS A SFPS AVATLAALE

TF ¢ TLFFYT LT. TSEP =-.0C1 ) GN TO 20



6-d

2 Xe N

[ ] QOO0 o Rer Ny DOO

oy

Py

14

N - TTS A NEW SEPS

TLEFT = T3FP

HPL A
weLn

MeL

CALL THLC®
IF ("yTUG

A+ MS + MPT

.0

‘CALL TUGECP TQ DETERMINEG TUG CAPARILITY

(HPL AL, UPLR,MRTUG, DY TUG)
AT THEOVILTY 3 GO TO AL

TUG DFLIVERS SEPS AND MPLA TO SYNC EQ?

TLFFT = TLEFT =-,00F%

T = 0.0
TH = 0.0
HCN=19323.
1C0S=0.0

TF (NSERV.GT.O) CALL FAZS

NEXTIT = 2
PETUIN

NEXTIT = 3
IF { DVTUG

NEXT CHEGK IF ITS CAPABLE

LT, TUGDVI(1) ) RETURN

ITS OK - CONTINUE QETERMINE CHANFOVER CORRIT

rAaLlL  TNTORAR (AVTUG,HCO, ICCS)

cALL  SEPD

raLy  PLLUP

NDETERPMTINE THE SEPS DELTA V
V [HCO,IC0S, DYSEPZMRSEP)
DERFAPM UP LFG AND PHASTNG

D {MPLALMRSEP, TU )

TF (NSFRY,GT.0Y CALL FAZS
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20

30

SET MNEYTT AND TEST IF THERE TS FUEL PEMAINING

MEXIT = 1
TF ( MPT ,GE. 3.0 ) RETURN

SEPS CANNOT CELIVER THE PAYLOAN - SET FLAG AN ABORTY

i

NEXTT = &
RETURN

THIS ENMTRY POINT FOR SEPS AVATLARLE
TN SYNC EQ. 0ORBIT

WPLAR= MPLB+{KSEP*SEPK*MS)
WPLA = MPLA

NETERMINE THE TUG CAPARTLITY

CALL TUGCE® (WPLALWPLB,MRTUG,DVTUG )
TF ¢ DVTUG LT, TUGDVI(13) ¥ GO TO 39

NO - TUG ALONE CAN DELIVEP AND RFTRIEVE
PAYLOADS YO SYNO EO ORRIT

Ty 7.0

™ 0.9

HCO=19323.

ICNS=2.0

TF (MSEZPV,.GT.0) CALL FA7S
NEXIT = F

BETUON

TUG ALONE CAN NOT N0 IT- CHECK TF ALL OK

NEXTIT = 7
YF U OVTUG LLT, TUGDVILY 3 RETURN

1TSS NK - CONTINUS
NETERIMINE CHANGEQVTR ORATY
CALL INTORR (Y TUG,HCN, ICNS )
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CALL SEPDV (HCOD,LICOS,DVSEP,MRSFP)
CALL PLLPD (MPLR,MRSEP,TD )

SET UP AMD CHEGK CNONSTRATMTS

NEXTT = A
IF { MPT LT. 0.0 1} RETURN
IF { KSTfP ,Fn., {0 ) GO TO 40
SFPS RET2TIEVED ALNNG WITH PAYLQAD
TU = 0.0
NEYTT = 110
2ETUPHN

CONTINUE PROCESS

CALL  PLUPC (MPLA,MPSEP,TW)
TF (NSERV,.CT.0) CALL FA7S
NFEXIT = 9

IF ( MPT ,LT. 1.0 ) RETURN

MISSION COMPLETE
MEXTIT = &

RETUIN
ENn
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SURRIUTING  TUGCP (WPLA, WPLB,MRTUG,DVYTUG )

TUGEE - CALLS THE APORNPITATE TUG EQUATIONS,.
t AT PRESENT = OMLY NPTINN TS5 SINGLE
STAGE CRPYQAGENIC TUG, )

CALL  CRPYN1 (WPLALWPLR,MRTUG,DYTUR)
RETURN '
FNA

SUSRAUTTINE YD1 (WPLA,WPLR,MRTUG, DVTUG)

fRYNi- FINNS THE DELTA V CAPARILITY OF A
STNGLE STAGE TUG WITH PAYLOADS WPLA AND WPLB,

COMMANZ TUGYVEH/TYPELNSTGySPAP({3) 4 HS(3) 4y WPAL3) ,ETSPII)
¢y REUSE (3) 4 HGA, TR

COMMAIN/MISC/MU,TG,FEAS(2)Y

PEAL MU

DEAL M2TUG

WP=WPAL1} .

TF ((WS (1Y +RPA(1)I+HPLA) AT WGA) WP=UGA-{HS (1)} +WOLA}

MRTUT=(WP+WS (11 +WPLA) Z{WS 1Y +HWPLA)

TF (?FUSF(1) LT.0.5) GO TO 100

R7=WS (1) 4WS{ 1) +WPLA+WPLR

RZ==WP* (WPLR+HS 1))

WP1 = ( =37 + ({{ B7%B7) =( L.O*0Z)) **0,5) )/ 2.0

MRTUG = (WPL4+HPLR+WS 1Y)/ LHPLO+HWS (1)) :

ALMRz= ALNG (M2 TUG) '

NYTUS=TE*FTSP{1) *ALMR/ (TR+1}

RETU?N

TNQ
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00

SURRANTTINE  CLUPN (MPLU, MESEP,T )
PLUP - CARRICTS SEPS PAYLTAN UP

NOMMANSEDYEH/SERS M, FE P, STISP,SFPK,SP,TSFP
COMMONZOUTR, TN, THLHCD, TONS MPT  TLEFT S MOT,NTUGS
PEAL MO MPT MOT,MPLU,MESERP,MPTY

MBT{ = ({ MPT + M3 + MPLYU Y / MRSEP) - (MS+«MPLU)
T = (MPT - MPT1 ) 7/ (Re400.0 * MDTY

TLEFY = TLEFT - 7

MPT = MDTY

RETURN

FND



SURRIYTTING  <SEPNY (HCO,TICNT,0YSEP,MRSEP )

SEPNY - CALCULATFS THE PEQUIRED SEP NELTA VELOCITY
NEENFD FAR SYNM EG,., ANT THT CORRFSPONDTNG

¥i-d

s Ro Re N R Ne No R e R ity e g

DO 0

MASS RATIO,.

TNPUT
HEO OREIT ALTITUNE
Tcns  THNOLINATION

nNUTPOT
NYSER THT SFP DELTA W
MRSEP THE MASS RATIQ

COMMIN/SEPYFH/SFEPSyMS,FE,2,STSP,SEPK SR, TSEP
COMMIN/MTISC/MU,SGL.FEAS(Z)

CEAL HCNy TCOS sMUGHS,, IC0O, MRSEPZ MNT 4 MPT 4 MS
HS = 10323.0

MU = 1.40765388 © 16

RE 3443.930%
SET UP CONSTANTS
R0 = (HCO +RE Y} * £G76.1155
yrn = (MY / 2CNY *¥(.5
S = {HS + RE ) * £076.115%
VS = (MU /7 25 ) *¥*(0,5 .
TCO =(INNS 7/ G57.295779643)%1,57079€32R794

rTeo = €S (IN0 )

NYSF2 = ({ VCN2YCOY +(VYS*VYS) =((VS +VS)Y* voOo* CICO)Y ) **.5
FXPi= DYSEP/ (SG*STSP)

MRSER = EXP{EXP1)

RTTUYPN

END
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SHBPAYTTHE  TINTORB (DVTUG,HCO,ICOS )

TNTARR - AN INTFRPOLATINN SCHEME TO NETERPMINF
THE JPTIMUM CHANGEOYEF? O3RIT ALTITUNE
AN TMOLINATION,

TNBUT
NYyTUG - TG DELTA W

QUTPLUT

HCO ALTITUDE 0OF CHANGENVER ORRIT
ITNS  TNCLINATTIOM OF CHANGEOVER ORBTT

AOMMIN/TANLE /TUGDVI2D)

NTMENSION BLTLZ0Y,INCC20)
PEAL TONS L INC,,HON '
NATA THGNY/ 40295,74,10600. 0,10900.0,12200.0424500.0C,

11800.0412100.9,412600.0,22700.08,413000.0,
13300.0,13R00.0413835.,174 7* 0.0/
9503.5410%00.0,11500.,C0,413€00.0,14500.0,
1?]300.011“00!:'.01 ?"G.g/

NATA TNG  / 2Re54319:.h415,8412¢841041LyB8aRAByRG2,7 467,
Falty545y 3487, 2445, 2% L0 /

TEST THE URPPER AND LOWER POUNDS

TE {2YTUL GF, TUGDV(L1})GA TO 410
MYTUS = TUGNDV(L)

DRINT 107

57 TN AE

TE (OYTUS L5, TUGPV(13}Y)Y 60 T 15
NYTUS = TUGNY LY

PRINT 110

FIMD THE RANGE NF DELTA Y

nooo*T) O NP{ 22,173 - :
TE (OYTHR LU, THARDY (NPL))IGO Tn 30
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130

111

120

20 CONTINUE

39

IF Lrop I8 FEXSTED ANSY

BRINT 127

PETYIN

FAUHN THE PANGS COMPUTE THE ALT AND INC.

NP = NPT - 1

FOAC = ( NYTUG - TUGDVINPO )} ) / (TUGDVINP1) - TUGNY(NPO })

MGM = ALTINRD ) 4 FPACE (ALTINPL) = ALT{NPO ))

TEOS = TNCUNPO }  + FRAC® (INGINP1) = INC(NPO ))

RETU2N

FNIMAT {T10,58H***¥¥%x  FDOQNR - OYTUG HAS RSEN TNCREASED TO A MINIM
YUM YALUE, — xexxx) |

FORMAT (T13,AAH¥*%%%  ERRNR - DYTUG HAS AFEN DFOREASED TN A MAXTM
YIUM VALUZ,  ®%exx)

ENRMAT (T10,L7H¥*¥%x  FATAL PPOALEM IN INTOPR, ARDPT  *¥xxx)
£ND



APPENDIX C

Sample Output

For this Appendix the SEPSIM subroutines were attached to 2 simple driver
program and run in the batch processing mode. The basic input parameters
are listed at the top of the output sheet., For each mission number (repre-
senting separate calls to SEPX) the input values of deployed and retrieved
payload weights are printed along with some of the output results for that
case. - The output includes the time spent by the SEPS performing descent,
ascent, and servicing maneuvers (the input value NSERV, the number of
servicing legs, is shown in parenthesis), the altitude and inclination of the
optimal intermediate orbit, the time and fuel remaining on the SEPS after
performing the mission, the exit type (NEXIT), and the number of Tug

flights required to support that mission.

In the output sample it is significant to notice that Tug/SEPS capability is
sufficient to perform all the missions (EXIT = 1, 5, or 6}, In mission 8,
the input value ERFLG has been set to 1 so that mission 7 is erased and
replaced by mission 8 {which, in this case, is identical to mission 7). bn
mission 11 a new SEPS is launched (EXIT = 1) since the old SEPS fuel is
nearly exhausted. The old SEPS is not immediately retrieved (note that
TUGS = 1), but waits in synchronous orbit for a payload small enough for

it to retrieve. The input for mission 13 includes ERFLG = 1 causing mission
12 maneuvers to be erased and replaced by mission 13 maneuvers (the only
difference is the addition of 2 servicing legs). By mission 16, SEPS #2 has
become exhausted, and SEPS #3 is launched (EXIT = 1}, SEPS #2 remains
in synchronous orbit waiting for a small retrieval task and SEPS #1 is
returned to earth in a separate Tug flight (TUGS = 2) for refurbishment,
The performance of mission 18 requires three Tug flights (TUGS = 3}, In
one flight, SEPS #4 and a 6080 lb satellite are launched. SEPS #4 delivers

C-1



the satellite and performs the five required servicing tasks. In the second
flight, SEPS #2 is returned to earth for refurbishing while SEPS #3 remains
in synchronous orbit. In the third flight, the Tug ascends unladen to a

10623, 7 nmi circular orbit where it receives a 4585 1b satellite retrieved
from synchronous orbit by SEPS #4, The Tug returns the satellite to the
Orbiter and the SEPS #4 ascends (unladen) to synchronous orbit. Since only
one line of output has been allowed for each mission, it is this last Tug/SEPS
flight which is reflected in the output (hence EXIT = 5), Similar situations

arise in missions 21 and 25.

The above 25 cases were executed (including compilation time) in less than
0,75 sec of CDC 7600 computer time. The amount of fuel remaining on the

SEPS has been accurately tracked and Tug flights initiated as required to

support the missions,

The driver program used to generate the above cases has been given the
acronym of PRFORM and its listing is shown after the sample output cases,
Program PRFORM acts as a driver routine for the following Tug stage

configuration performance calculation routines:

1, Two liquid stages in a '"'slingshot' mode of operation (SSHOT)
2, A single stage liquid vehicle (SSLQD)

3, A liquid stage and a solid kick upper stage (TRNKC)

4, Tug operations using a solar electric propulsion upper

stage (SEPSIM)

To access the SEPSIM portion of code using the PRFORM driver routine,
it is necessary to set the input variables via a NAMELIST input as
specified in the USAGE section of this document {Page 5), In addition,
the variable "SEPS'" must be set equal to 1 to indicate that use of the
SEPSIM code is desired, When running the program in the batch mode,
the last input data case should be "NSTG = -1." This causes the program

to cease operation with no error conditions.



£=D

STR VEHTALE: M3 £ i Ise TSEP SEPK
PROC.YD 670 219N02,0 TC00.C  L00.0 1.00

TJ6 VEHICLE: TYPT WS WPA Wea 138 1 REUSE
2% FT NENT FETR.O0 4RH94,0 ¢€500C.0 427.71 1.30

CNNSTANTS ! MU o 3R T®
JIULNZEGTARERLT 32.172¢ f.0C .01

conEy

A NEW SFPS IS LAUNCHEN AND PERFORHMS THR MISSION

TUG BLAME DELTYEPS MPLA AND NFW SFPS TO MISSION ORBIT. {OHASINMG DNME AY SEPS)

TUR CANMOT DELIVEP MPLA + NEW SEPS T MIN, ALT,

NEW SZPS CANMOT DELIVE® MPLA,

SEF9G ALPFANY TN NOATIT PERFIRMS MISSTON,

TUG ALNNF DFOFARMS DFEL AND RFTR, PHASTNG DONE RY S5FPS.

TUS SANNOT DEL AND PFT® PAYLOANS T0 MIN, ALT,

eEpg ALPEADNY TN NPRIT CANNMAY CNMPLETSE 9FTP.

SERPS ALPFANY TN NRATT CANNNT CNAMPRLETE OFP,

£ = SEPS TS PCTR ALOMG WITH MoLS

-
"
b
oy
-

LI L T T S 1 1 1 S T O [

LoV~ B B LI B TR N g

nUTeUT RESULTS?

MISSINM SAT. MT.ILBS) TIME (DAYSY INT, CRARIT RESTDUALS
NO, ps TR neeLayY NAWN ueP STRY ALY TNC TIME FUEL FYXIT Tub

1 0.0 12019.9 0.0 135,33 7.00¢0 0) 2300.0 11.1 2€4.F7 1€39.17 1

2 2.0 a158.0 1R.23 6717 2.,00¢ 0) 12566.¢€ S.&8 189.26 1172.16 s

3 0.3 AGT2.0 14.4A7 LR .37 N.00¢ 7)) 13217.7 .3 127.83 791.71 c

L g.0 RU2R,0 12.57 43.50 7,000 2) 1337845 Se1 71476 Lbtb 4E S

5 7.0 349R.0 n.00 6.29 9.00¢ 0) 19323.0 0.9 71.76 Lt U6 )

3 0.0 397u .0 g.co0 0.0 D.00¢ 9 19323.0 0.C 71.7F Lbb, 46 6

7 0.0 422R.0 J.0¢ .07 7.00¢ 0y 19323.C 0.L 71.76 LGbk 46 &
-PREYINUS MAMEUVER HAS BEEN FRASEN-

a g.n0 L22R.0 .04 .01 t.00¢ 9) 19323.0 0.0 71.76 bih.Wb €

Q "00.9 394R,0C 5.72 10.3% g.00{ 9y 1699%a.1 2.5 55.69 3uh.92 5

i0 .0 1489,0 0.00 0.00 g.90¢0 0) 19323.0 o.cC 55.¢9 Juh .92 6

11 g.c 4950.C 0.09 112.386 2.0C( 01 R297.5 3.1 287.94 1793.29 1

12 27 R7,.N a500.0 €1.000 11L.89 f.0CC 0) A079.3 9,9 112.05 €93.95 €
=PREYINUS MANEUVFR HAS RTEN ERASFED-

13 278/7.0 a509.0 A1.,00 114,89, 17.40( 2) 8079.3 9,9 101.€5 629.53 5

- e b b ()

Pl . e

[y
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14
17
1R
17
1A
19

20

21
22
23
?h
2c

-

3L75.0
276R.0
a3s52,.n
TL7e 0
A0RA.0
&0”0.0
6733.0
a2e9,.1

17310.0
100643.6

TAIT .
7T47A .

L3R5
0,04
J.0¢

117.72

4,07
2Lt,a5
1%.549
28,746
31.0¢0
17.1%

qla?

9.070

Gl.048
0.917
99,h5%

127.22

24,973
LE,12
E7.20
16.02
BT Lh
Sh.48
31.73
.00

T.9G¢
0.0t
n.oef
f.00¢

21.15¢

D.00¢
.00t

D.00¢

1.00¢
n.npt
D.00f(
J.00¢

10057.2
19323.0
RGHN . F
BALG.O 1
10623, 7
12018.9
1231%.6
13346,1
197286, 2
11630.5
1425R.0
19323,.¢C

* = & 4 @

OFONAN NN O
(= I MI IV B L Y, BT — ]

16.31
1€.31
32C.35
546
213.85
1u2.77
69,94
2S7.87
139.1%8
55451
14.90
316.73

101.04
101,06
17440.19
343,47
1324 443
834 .26
433.43
1595,51
B61.96
343,78
92,29
19/1.62

oW AT A U AUT e Y
Gl P b L b R G e D) e



@]
L}
8
3
3
5
7
12
16
17
23
2%

|9 Ky Nw 2o o Re Ny N v

Y

LI I A1

AR AM PRFAIM (INPUT,,AUTPUT,TAPFS=TNPUT ,TAPFE=QUTPUT}

CAMMON/TUGVER/TYPE  NSTLLSPAREZY (MS(3) L, HPALT) ,ETSRULT)
JRFUSF I3 LUGA,TR

COMMANIMTISOIM,GL,FEAS(2)

COMMIN/SEDPYFH/SENS MS L E,.P,STSP,STPK,SR,TSFP

FOMMANZSERVIS/NSFPY,DTHETALL1Q) 4MPLS{10) ,PSERVY,,VSERY

COMMANSCY FHTSSH

ATMFMSTION DYLEGTULCH,PLEGTLD)

TMTFERFR FRFLG

INTFSER SEPS, SPAR

REAL MS,MULMPLAGMPLRMPLS

NATE ERFLG/O/

NATA TYPC/FI0H28 FT CENT/

NATRE NSFRY/0/

NATA OSERYZVWSERY/BAR165,,3074.66/

MAMEL TSTYZINPUT /TYPFE  NSTG SPAR HS,HPA,,FTISP, REUSF, WGA, TR

+MLEG,DVLEG.PLEG
s SFEPSaMS, F4P,SISPSFPK,SR,TSEP
s MPLALMPLR
W NSERVL,OTHET A, MPLS,PRERV, VSERY
s ERFLG

MEXTY = @

MISSNY = 0

MU=1, 407 €538 F16

G = 32,172%

QEAD  (S,INPUT }

IF (NSTG .17, 0} STOP

PEQF -~ SETS UP BND CHONSFS THE SPECIFIC
PERFORMANCE SUBROUTINE TO 8F EXECUTED

SSHOT = SLINGSHOT - LINUTD UPPEPS
SSLAN - SINGLF STAGE LIQUIN
TRNKC = TRANS KICK =« SOLID UPPERS
SERSTM- SFPS STMULATOR

IF t SFPS NE, D ) GO To &g
TF € NSTG 6T, 1) K0 70 10
FALL  FA70 {NVLFGLPLEG, NLEGY
PALL  SSLOD (NVLEG,PLEG,NLEG)



9-0

30
31
37
L8
L2
Li
L7
<0
£3
54
c?

126
132
136
160
143
144
144

204

19

27

an

L0

&=

o

1169

1010

1024

6% TY 50

ng 20 I = 24,NSTG

TF (SPARITY JNF. § ) GO T6 30

CONTT HUF :
CalL FAZO  (DVLFGL,PLEG,NLEG)

CALL SSHAOT (DVLFGPLERLZNLFGY

0 T2 54

NALL TOMKE (DVLEG,,PLTG,NLFR )

tn TY R '

IF t MISSN .GT. 0 ) G0 TN 4%

PRINT 1010 y MI4E 4P SISP,TSER,SEPK,TYPT,WSI1) ,HPATL),UGA

¥ s FISPELY yREUST [1) 4 M1, G4SR, TR

PRINT 103G

PITNT 1020

MISSN = MISSN + 1

CALL SEPY  (MPLA, MPLALERFLG,NEXTIT )

G0 T} 3

CONTI NUE :

WRITE (6,150 ) NSTG, (WS{T),T=1,3 by (WNPACY) =143 L

X (EISPIKY 4K=143) s (REUSF (LY s L=14 D) +HWGA,
X NLEG, (DVLEGIT) ,1=1,10) y IPLEGLYYJ =14,10F
X SFPS, (SPARLIY,Y =1,3) + FEASU1),FEAS(2)

6N TN S

FORMAY  (4M1,///7 T2L,*NSTG =*,I3,7 T3I0,¥NS =%, Tul,3F13.8 ,/

X T30 ,4*WDR =¥, THD43F 134647 TINL,*EISP =*,TLHO,3F13.6 ./

X T30 ,*REUSE =%, TLO, JIFL3.6) /T30 *¥WGA =%, TuD,F13.6 77/

X T20,¥NLEG =%,134/ TIDG*NVLEG =* ,TH[,SF13,6,/TUD S IF13.6)/
X TIQ 4 *OLEG =*,TLO,S5F13.6/T4N,% F13.& /7//7720,*SEPS =%,13,/
* Y20 4 *5PAP =2 3110, /777 TZ20,*0UTeUT =* 2F10.% )

FORMAT (1HY,/7/7/ T20,%SEP YEHTICLF® Mg 3 p Isp

X Tste SEPK* 7/ TaU P 132Xy F oy 2 Xy F 7 192X g F Tl e2XsFo,140LYFu, 2,
X727 T20,*TUG VEHINLEY TVYPE WS WP A WGA FIse
X REYSE®/
¥ T3 A1 002X s FRal s 2 s FT a2 g FTul 2% FT.23N,FL, ,2//
X T20*CONSTANTS? Hi
X 5 SR TR®7 T30 4E1C.9,2XoFBL2Y,FE,2,4X,
X Fiy,2)

FORMAT (1HG,/ T31,*nUuToUuT OFSULTSt*//T10,*MISSTON SAT. HT,.{(LBS)
¥ TIYUE (NAaYS) INT, ORAYT RESINUALS*/ T12,%NO,

¥ PT TR pEoLnY DAWN e SERV ALT ITNG TIME



L=D

107r

285

Y FHEL EXIT TUGS™)

CARMAT (2 CY,*HMEXTIT NODEI*,/22X,%1 = A NOW SEPS IS LAUNCHED &ND PERF
YNRME THE MISSTNN*,/22X,*2 = TUG ALONE NFLIVERS MPLA AND NEW SEPS 7
Y0 MISSINN APATT, (PHASING OONE AY SFOSI*,/22X,*3 = TUG CANNQOT OFLI
¥YTR MPLA + NTW SFOS TO MTN. ALT,*,/22X,*4 = MEW SEPS CANNOT RELIVE
YD MPL A, %,/P2X,*5 = SEPS ALREADY IN N2RYT PUPFNPMS MISSTON.*,/22X,*
XE = TUG BLONE PFOFQPMS DEL AND RETR, PHASING DONF BY SEPS.*,/22X,*
¥7 = TUG CANNAT OFL AND RETP DPAYLOADS TO MIN. ALT.*,/22X,*% = SEPS
YALREANY IN ORBTIT CANNOT COMPLETE RFT2,*,/22X,*9 = SEPS ALRFANY IN
XNQRIT CANNNOT COMPLETE QEP,*,/22X,*10 = SEPS IS PETR ALONG WITH MPL
yax}

TR0
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