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REFERENCE MISSION: 1981 MARS LANDING WITH
INBOUND VENUS SWINGBY

By Advanced Mission Design Branch
1.0 SUMMARY

A detalled description of a Mars landing mission is presented. The
Farth departure seguence begins on November 7, 1981, with final injection
occurring 67.51 hours later. The trip time to Mars orbit insertion is
266.55 days, and the spacecraft is inserted into an orbit with a 200-n. mi.
altitude perispsic and a 6322.2-n. mi. altitude apoapsis. The orbit is
inelined 75° to the Martian equator. A velocity maneuver of 6221 fps
is required for orbit insertion. The landing operations begin 20 days
after orbit insertion which results in a2 landing at 69°N latitude and
130°E longitude. The nominal surface staytime is 30 days, and the total
orbit stay time is 80 days. The Mars parking orbit is designed to provide
proper alinement for Mars departure which requires 12 929 fps. The trip
time to Venus is 127 days, and the spacecraft closest approach to Venus
is 2551 n, mi. The trip time from Venus to Earth is 169 deys and the
Earth entry velocity at a 400 000-foot altitude is 39 530 fps. The total
mission trip time is 642 days.



2.0 INTRODUCTION

Preliminary spacecraft designs for planetery missions require the
input of trajectory and mission planning data to be in the form of
general parameteric studies. However, as the spacecraft design becomes
better defined, a reference mission is needed to assess the spacecraft's
capability to accomplish a particular mission. This document deseribes
one such reference mission which departs Earth in 1981, stays for 80 days
in an elliptical Mars orbit, deploys a manned lander which lands near
the North polar cap (with a nominel surface staytime of 30 days) and
returns to an aerodynamic entry at Earth by a close encounter (2500 n. mi,)
with Venus.

The dynamic trejectory model used for this reference mission is the
classic matched conic model in which the trajectory is divided into
phases of (two-body) central force field motion defined by planetary
spheres of influence. The exceptions to the unperturbed (two-body) motion
occur during the Earth and Mars orbital phases when the apsidal "and nodal.
regression rates are simulated. The Mars landing and launch trajectories
are based on a central force field with aerodynamic and Ffinite-thrust
forces included. Thus, the landing and launch require numerical integration.
All propulsive maneuvers are considered impulsive except for the final
retrograde burn for landing and the launch from the Martian surface.

Although the Mars mission spacecraft is not discussed in this document,
some concept of spacecraft and propulsion characteristics had to be assumed
to derive the basic trajectory requirements. For example, the Earth
departure sequence was developed based on the assumption of nuclear
propulsion stages with 75 000-pound thrust and a postburn cooldown require-
ment. It is also apparent that the Mars lander descent/ascent profile
could not be determined without certain assumptions of aerodynamic and
propulsion characteristics. New or different spacecraft concepts will
require new reference trajectory information; and, until the concepts
become more firmly established, there is no requirement for precision
integrated reference trajectories. The conic model provides the necessary
accuracy for the spacecraft concept/trajectory design iteration and can
(at least presently) be accomplished more rapidly.

This document is organized into a general discussion of the trajectory
(mission profile and sequence of major events) followed by a detailed
description of each mission phase. Sugegestions for improving the
orgenization and/or content of this document will be incorporated (where
practical) in future planetary reference mission documents.

Extensive analysis was required both prior to and during the production
of this trajectory as indicated by the 1ist of references. Some of the
references should probably be considered to be additionasl volumes of this
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document but were published separately to obtain earlier release of data.
However, this document represents the combined efforts of all personnel
of the Advanced Mission Design Branch whether or not an individual's name
is found in the list of references.



3.0 SYMROLS -
A0S acquisition of signal
ESOT Barth sphere of influence
hEL apoapsis altitude
i inelinsation
LOs loss of signal
MEM Mars excursion module
MOT Mars orbit insertion
MSOT Mars sphere of influence
NERVA nuclegr engine for rocket wvehicle application
oLV orbital launch wvehicle
501 sphere of influence
TET transearth injection
TMI trans-Mars injection
t time
VS80I Venus sphere of influence
Wb/CDA 5allistic parameter
Q right ascension of the ascending node

w argument of periapsis



L.,0 MISSION PROFILE

The 1981 80-day Mars stopover/Venus swingby mission as discussed in
this report is schematically illustrated in figure 1. The dasghed line
represents the flight path of the spacecraft which varies in distance from
the sun from 0.538 A.U. to 1.k095 A.U. The spacecraft passes within 0.2 A.U.
of the planet Mercury. The mission incorporates a low-energy near 180°
transfer for the Eerth~to-Mars trajectory and a gravity turn by Venus to
reduce the velocity requirements of the Mars—to-Earth trajectory. A
matched conic trajectory program (ref. 1) was used to simulate Earth-to—
Mars and the Mars-to-Earth portions of the mission.

The first maneuver of the trans-Mars injection seguence occurs on
November T, 1981. The above date is near the beginning of the Eerth
leunch window for this mission as discussed in reference 2. The multiple
orbit injection technique in which a low thrust—to-weight ratio of 0.05g
is assumed is used for Earth orbit departure. The departure sequence
consists of eight thrusting meneuvers with six intermediate ellipbical
orbits. The first six maneuvers occur at periapsis and increase the apoapsis
altitude of the orbit. The seventh maneuver occurs near apoapsis of the
final orbit and rotates the orbital plane such that it contains the
departure asymptote. The eighth maneuver occurs at periapsis and gives
the vehicle the necessary energy to attain the proper VCn vector. The

entire departure sequence takes 67.51 hours to complete and involves a
plane change of 5.8°. The departure sequence requires 13 253 fps including
propulsive and nuclear engine cooldown propellant losses. The impulsive

AV requirement is 12 379 fps.

The Earth-to-Mars trip time for this reference mission is 266.55 days,
and Mars orbit insertlon consists of a single maneuver at periapsis of the
approach hyperbola. The spacecraft's orbit at Mars is 200 by 6322.2 n. mi.
The orbit was designed sco that the perturbations of the Mars oblate
gravitational field assist in reducing the veloecity required for Mars orbit
insertion and transearth injection. .

The orbital staytime at Mars is 80 days, 30 days of which are spent
on the Martian .surface. The Mars excursion module {MEM) separates from the
main spacecraft 20 days after orbit insertion and performs a retrograde
maneuver to lower periapsis into the Martian atmosphere. This Ffirst
aerodynamic phase is guided for a skip maneuver followed by a posigrade
burn to circularize the orbit at a 180-n. mi. altitude. The MEM remains
in this orbit until proper phasing is obtained with the landing site located
at 69°N latitude and 130°E longitude. The MEM then performs a retrograde
burn for the second aerodynamic phase which terminates a 36 217-foot altitude
with a velocity of 3451 fps. The main descent engines are started at this



altitude and provide a constant-flight-path angle descent to a 500-foot
altitude and zZerc velocity. The descent from 500 feet was not simalated.
Nio parachutes or ballutes were included in the simulation.

Ascent from the Martian surface occurs approximately 30 days after
landing. The MEM ascent stage is inserted into an intermediate orbit
with apoapsis altitude at 100 n. 'mi. and periapsis altitude at 300 000 feet.
Orbit insertion occurs at 5° true anomaly. The first maneuver of-the
rendezvous sequence is initiated approximately six revolutions later and
requires three burns. There are no significant aerodynamic perturbations’
to the intermediate phasing orbit {300 000 £t by 100 n. mi.) for coast
times of up to several days. The actual coast time is 10.88 hours. The
total time from lift-off to completion of rendezvous is 18.5 hours. The

terminal phase of the rendezvous (i.e.,, stationkeeping and docking) is
not simulated.

An impulsive maneuver of 12 929 fps places the spacecraft on a 127-day
dransfer.to Venus.: The Venus:flyby.altitude ig '2551.n.mi...The'.
spacecraft altitude is within 25 000 n. mi. of Venus for 2.5 hours. Wo
propulsive maneuvers are.required within the Venus sphere of influence (S0I).

The trip time from Venus flyby to Earth entry is 169 days. During this
time, the spacecraft passes within 0.538 A.U. of the Sun. 'The Earth
entry velocity is 39 531 fps measured at an altitude of LO0 000 feet
and oceurs at 14.2°S latitude and 165.7°W longitude. The approach hyperbola
is inclined 28.2° to the Earth's eguator. The total trip time from Earth
departure to Farth return is 642 days.

The sequence of major events are listed in table T; ground elapsed
time and calendar date are given along with pertinent trajectory data.
The assumed four-lsunch schedule is arbitrary and depends entirely on the
booster systems available and the Mars spacecraft design. All refueling
Tlights (if any) are assumed to occur between these launches.



TABLE I._— SEQUENCE OF MAJOR EVENTS

Tl
Time, days G.m.t, A
Event vy Month/day/year | hreminssec Data sumimary
Launch 1 ~300.307 01/14/81 04:29:17 Inclination of parking orbit, deg 29.16
Right ascension of ascending node, deg 42
Altitude of circular parking orbit, n, mi, 260,33
Launch 2 -210.246 04/14/81 05:57:07 Right ascension of ascending node, deg 153
Launch 3 -120.184 07/13/81 07:26:24 Right ascension of ascending nede, deg 263
Launch 4 ~30.124 10/11/81 08:52:48 Right ascension of ascending node, deg 14
Trans=-Mars injection -2.813 11/07/81 16:20:28 Geographic |atitude, deg -23.3
{first maneuver} Geographic longitude, deg 109.6
Trans-Mars injection 0.000 11./10/81 11:51:10 Geographic [atitude, deg -24.8
{last maneuver) Geographic longttude, deg 174.8
Inciination, deg 27.13
Right ascension of ascending node, deg 158,1
Argument of periapsis, deg 246.7
Total accumulative AV, fps 13 253
Earth sphere of 2.751 11/13/81 05:51:56 Velocity, fps 11 855
influence (esxcit) Right ascension of velocity vector, deg 187.5
Declination of velacity vector, deg 14,1
Mars spheta of 264.871 08/02/82 08:46:11 Veloclty, fps 12 859
influence {entry) Right ascension of velocity vecter, deg 118.3
Declination of velocity vector, deg =-20,7
Mars orbit Insertion 266,551 08/04/82 01:04:05 Right ascension, deg 98.8
. Declination, deg 41.4
Geographic latitude, deg -12.3
Geographic longitude, deg — 239.6
Impulsive velocity change, fps 6221
Mars parking orbit 266,551 08/04/82 01:04:05 inclination, deg 75.0
Right ascension of ascending node, deg 292.5
Argument of perlapsis, deg 136.8
Periapsis altitude, n, mi, 200.0
Apoapsis aftitude, n, mi, b322.2
Tander descent initiation] 286.712 08/24/82 04:56:30 Right ascension, deg 270
Declination, deg -47.5
True anomaly, deg 180
Impulsive AV, fps 128

3Data given with reference to Earth or Venus is in planet-gentered Earth equatorial coordinate system [( fig. 5 {a)l. Data given with reference to Mars is In
Mars equatorial coordimate system [ fig. 5 (e)).




TABLET,- SEQUENCE OF MAJOR EVENTS - Continued

Time, days L T a
Event g.e.ty Month/day/yea hriminsses Data summary

First aerobraking phase| 286.867 08/24/82 08:39:59 Duration, sec 320
Maximum dynamic pressure, psf 52.3
Maximum acceleration, ft:/seu:2 19.2

Velocity reduction, fps 3100

Second aerobraking 286.499 08/24/82 23:49:55 Duration, sec 478
phage ) Maximum dynamic pressure, psf 70.7
Maximum acceleration, ft/sea::2 25.9

Velocity reduction, fps -7 700

Propulsive braking 286,505 08/24/82 23:57:53 Initial altitude, ft 36 217

phase -~ . Initial velocity, -fps 3451
Flight-path angle, deg -17.0

Characteristic velocity, fps | 3769

Landing site Aerographic latitude, deg - A9

Aerographic longitude, deg 130

Lander ascent initiation] 317.069 09/23/82 13:30:35 Desired periapsis altitude, ft 300 000

Desired apoapsis altitude, n, mi, 100

Inclination, deg 75
Lander/spacecraft 317.843 09/24/82 08:05:08 Time raquired, hrg 18.5
rendezvous Right.ascension, deg 82.3
) Declination, deg 46,3
Trans-Venus 346.551 10/23/82 01:04:05 Right ascension, deg ‘52,3
injection . ' Declination, deg 66.6
’ Geographic latitude, deg ~24,7

Geographic longitude, deg 215.6

Impulsive velocity change, fps 12 929

Mars sphere of 347.544 10/24/82 00:55:09 Velocity, fps 21 94}
influence {entry) Right ascension of velocity vector, deg 98.8
Declination of velacity vector, deg -28.8

Vlenus sphere of 472.827 02/26/83 07:42:49 Velocity, fps 35 480
influence {entry) Right ascension of velocity vector, deg 202.8
Declination of velocity vector, deg ~-8.8

3Data given with reference to Earth or Venus is in planet-centered Earth equatorial coordinate system [{ fio. 5 (all, Data given with reference to Mars is In
Mars equatorial soordinate system [( fig, 5 {e)].




TABLE I,~ SEQUENGE OF MAJOR EVENTS - Concluded

E Time, days T Gt a .
vent g.e.t. Month/day/vear | hriminssec Data summary
Periapsis at Venus 473 .48 02/26/83 23:22:25 Velocity, fps 43 520
flyby Altitude, n, mi, 2 551
Right ascension, deg 136.3
Declination, deg 39.8
Geographic latitude, deg 1.2
Geographic longitude, deg 218.2
Venus sphere of 474,133 02/27/83 15:02:10 Velocity, fps 35 480
influence (exit) Right ascension of velocity vector, deg 221.4
Declination of velocity vector, deg -24.6
Earth sphere of 640,199 08/12/83 00:58:19 Velocity, fps 15870
influence (entry) Right ascension of velocity vector, deg 225.8
Declination of velocity vector, deg -27.1
Earth entry 642,309 08/14/83 03:35:432 Velocity, fps 39 53]
Geographic latitude, deg (south) «14,2
Geographic {ongitude, deg (west} 165.7

2nata given with reference ta Earth or Venus is in planet-centered Earth equatorial coordinate system [{ fig, 5 (a)l. Data glven with reference to Mars is in
Mars equatorial coordinate system [ fig. 5 ()],
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5.0 EARTH BASED TRACKING SUMMARY

The tracking station inview time histories for the trans-Mars multiorbit
injection phase are shown in figure 2, Twelve Earth-based tracking stations
are listed along with the coverage they provide. Each of the eight thrusting
maneuvers'(indicated in fig. 2) is monitored at least partially by one or
more of the tracking stations.

The inview Time histories of the -deep-space tracking stations (Goldstone,
Woomere, and Madrid) are given in table IT Ffor all phases of the mission
after trans-Mars injection except for the Mars orbit phase. Continuous
coverage 1s possible with these three stations except for a brief period
after entering the Earth SOI on the inbound trajectory.

The deep—space tracking stations inview time histories for the first,
twentieth, fiftieth, and seventy-ninth day in orbit around Mars is given
in table III. These times correspond to the approximate time of Mars orbit
insertion, Mars lander descent, Mars lander ascent, and transearth injection,
respectively. Continuous communication is possible except for brief
periods when the spacecraft is oceculted by Mars.

The time required for Earth/spacecraft one-way signal propagation
(fig. 3) increases 10.9 minutes at Mars arrival. The signal propagation
time at Mars departure is 14.5 minutes and at Venus periapsis is 11.9 minutes.
The maximum time is 15.6 minutes.

The sun can adversely affect communications if it comes in proximity
to the Earth/spacecraft line of sight. The Sun-Earth-spacecraft angle
is shown in figure 4. The minimum angle is 7.5° and occurs during the
Venus—-to-Earth portion of the mission.



TABLETIL.- DEEP SPACE TRACKING STATION INVIEW TIME HISTORIES - 1981 VENUS SWINGBY MISSION.
(@ TMI to ESOI

Goldstone

Woom‘e ra

Mad tid

A0S, day:hr:min:sec

LOS, day:hr:min:sec| A0S, day:he:min:sec

LOS, day:hrminisec| AQS, day:hrmin:sec

LOS, day:Ht:mln:sec

00:00:19:57
00:22:49.09
1:22:46:54
2:22:43.36

00:06:43:19
1:07:00:35
2:07:00.12

00:16:57:.17
1:17:03:06
2:17.02;04 -

00:15:14:24
1:15:12:13
2:15:08:51

1:03:37:56
2:03:42:26
3:03:41:51

(b) ESOI to MSOI
(Stations on sequentially with each station tracking period overlaping previous station approx 2-4 hy)

Continuous tracking approximately

13 hr per day

Continuous tracking approximately

10 hr per day

Contintous tracking approximately

12 hr per day

{c) MSOI to MOI

265:08:06:19
266:09:52:35

265:18:01.:57

264:14:05:13 -
265:14:02:54

265:02:16:21
266:02:15:11

265:00:45.54
266:00:44.54

265:10:23:14
266:10:20:38

cl



TABLEIL,- DEEP SPACE TRACKING STATION INVIEW TIME HISTORIES - 1981 VENUS SWINGBY MISSION - CONTINUED.,

{d) TE| to MSOI

Goldstone

Woomera

Madrid

A0S, day:hr:min:sec

LOS, day:hrnin:sec

A0S, day:hrmin:sec

LOS, day:hrmin:sec

A0S, day:hrminisec

LOS, day:hr:min:sec

346:13:12:51
347:05:44:38

346:14:19;32
347:14:02:42

346;13;12;51
347:10:16:11

346:23.32:38

346:22:24:17

347:06:13:28

(e) MSOI to VSOI

(Sequential tracking of stations and overfap petiods approximately same as shown in part (b))

Continuous tracking approximately

. 11 hr per day

Continuous tracking approximately

13 hr per day

Continuous tracking approximately

10 hr per day

{f) Within VSOl

472:02:31;18
473:.02:38:16

472:13:58:23
473:13:57:41

472:09:49:52
473:09:49:47

472:20:.56:21
473:20:55:22

472:192:09:35
473:19:08:08

473:06:26:14
474:05:27:44

€1



TABLE II.- DEEP SPACE TRACKING STATION INVIEW TIME HISTORIES - 1981 VENUS SWINGBY MISSION - CONCLUDED,

{g) V501 to ESOQ|

Continuous trackin
. 14 hr per day

g approximately

Continuous tracking approximately

S hr per day

Continuous tracking approximately

14 hr per day

(hY ESOI to entry

* . Goldst

one

Woomera

Madrid

AOS, day:hrmin:sec

LOS, day:hrmin:sec

AQS, day:hr:min:sec

LOS, day:hr:min:sec

A0S, day:hriminsec

LOS, day:hrmin:sec

639:17;15:09
640:17:15:19
641:18:17:21

639:18:45:03
641:07:05:01
641:20;27:30

640:02:57:40
641:03:03:48

640:11:30:08
641:11:31:15

639:18:45:03
640:09:28:51
6£41:09:40:49

6$39:23:49:58
640:23:48:52
641:21:12:15

1



TABLEIIL.- DEEP SPACE TRACKING STATIONS INVIEW TIME HISTORIES FOR MARS ORBITAL PERIOD,

(a) Day 1

Goldstone

Woomera

Madrid

AQS, day:hrminisec{LOS, day:hr:min:sec] AOS, day:hr:min:sec

LOS, day:hrmin:sec

AQS, day:hraminisec

LOS, day:hr:min;:sec

266:13:12:51

266:17:59:28 266:14:00:36"

% Wiars ocoulting vehicle: 266:13:13:45 to 266:13:51;

3

15

Mars occulting vehicle: 266:21:00:57 to 266:21:36:

267:02:13:47

ats occulting vehicle: 267:04:42:59 to 267:05:20:

267:08:04:05
Mars occulting vehicle: 267:12:27:36 to 267:13:05:

53
31

{b) Day 20

267:00:43:56

267:10:18:02

286:13:12:51 |__286:13:16:49 |

286:17:13:38

7ZMars occulting vehicle: 286:21:02:18 to 286:21:37:

7 Mars occulting vehicle: 286:13:17:46 to 286:13:52:43%7

14

287:01:51:52

287:00:28:33

287:07:45:49

Mars occulting vehicle: 287:04:46:57 to 287:05:21:44'?'

Mars cccuiting vehicle: 287:12:31:37 to 287:13:06:14

(c).D

ay 50

287:09:34:05

316:13:12:51
317:12:26:21

316:13:12:51
317:07:27:31

316:16:17:41 -

217:01:28:00

317:00:14:26

317:08:29:37

{d) Day 79

345:13:59:04
346:11:54:33

345:13:59:04 345:15:42:02

346:07:12:40

346:;01:09:51

346:00:02:07

346:07:51:58

aT
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6.0 DETAILED TRAJECTORY DESCRIPTION

A detailed description of each phase of the trajectory is presented
in this section. Three different coordinate systems are used in the
presentation of the data. A1l {three systems are right-handed Cartesian
systems. Ingide the Earth and Venus spheres of influence, the planet-
centered Earth equatorial system is used [fig. 5{a)]. The X-axis is in
the direction of the vernal equinox (mean of date), and the principal
plane is the Farth eguatorial plane. In heliocentric space, the
heliocentric ecliptic system is used [fig. 5(b)]. The X-axis is in the
direction of the vernal equinox (mean of date), and the principal plane
is the orbit plane of the Earth (the ecliptic). Inside the Mars sphere of
influence, the coordinate system is the Mars equatorial system [fig. S(e}].
The positive X-axis is defined by the intersection of the Mars orbit and
equatorial planes and corresponds to the degcending node of the Mars orbit
on the eguatorial plane (mean of date). The principal plene is the
- Mars equatorial plane.
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Right-handed.Cartesian system
X-Y plane is the Earth equatorial plane

Vernal equinox
(mean gF date)

(2) Earth equatorial svstem.

Right-handed Cartesian system
v X-Y plane is the orbit plane of
the Earth {ecliptic)

Vernal equinox
{mean of date)

(b) Heliocentric ecliptic system.

v Right~handed Cartesian system
X-Y plane is the Mars equatotial plane

Descending node of Mars orbit
plane on Mars equatorial plane
(mean of date})

(c) Mars equatorial system,

Figure 5,= Schematic of coordinate systems,
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6.1 Earth Orbit Assembly

Assembly of the main spacecraft and the orbital launch vehiecles
(0LV) in Earth orbit is required for a manned interplanetary mission
because of the tremendous weight involved. Depending on the time required
for launch pad turnaround, assembly of the vehicles in Earth orbit, and
checkout of the spacecraft systems, the first launch from Cape Kennedy
must be made many weeks or perhaps months before the intended Earth departure
date. 1In table IV, a launch schedule is shown for four launches from
Cape Kennedy. The four launches are approximately 90 days apart to allow
time for launch pad turnaround and possible OLV fueling by means of shuttle
craft. The final launch occurs approximately 30 days prior to the final
trans-Mars injection maneuver to allow time for spacecraft systems checkout
and final preparations. The parking orbit is 260.33 n. mi. circular with an
inclination of 29.16°. The launch azimuth is 83.1219°. This parking
orbit was chosen because two direct rendezvous opportunities per day are
possible with launches from Cape Kennedy (ref. k). The right ascension

of the ascending node §Q of the parking orbit at the time of each launch
is listed in table IV.
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TABLE IV.- LAUNCH® SCHEDULE

Launch Date of launch At,b Q,
pumber Mo/day/yr Hr:min:sec days deg
1 1/1hk/1981 0b:29:17 300.307 ho
2 b/14/1981 | 05:5T:07 210.246 | 153
3 T/13/1981 07:26:2k 120.1§u 263
Y 10/11/1981 08:52:48 30.12k 1k

®Inelination = 29,16%,

Altitude = 260,33 n. mi. eircular,

Launch aszimuth = 83,12106°,

b

Time until final departure maneuver.
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6.2 Trans-Mars Injection

A multiorbit injection technique that incorporates eight thrusting
meneuvers and six revolutions around the Barth is used for trans-Mars
injection., The technique is schematically illustrated in figure 6.

The first six maneuvers are made at perigee and increase the apogee
altitude of the parking orbit. The seventh maneuver is made near apogee
and rotates the orbital plane such that it contains the Farth departure
asymptote. The eighth maneuver is made at perigee and gives the vehicle
the hyperbolic speed required for Earth departure.

The number and sizes (i.e., apogee/perigee radii) of the intermediate
orbits were determined by a two-dimensional, finite thrust optimization
program which accounted for propulsive losses and NERVA engine cooldown
requirements (refs. 3, 4, and 5). The techniques discussed in references 6
and T were then used for computation of the actual departure sequence.
Those techniques (refs. 6 and 7) are based on impulsive maneuvers but
include three~dimensional effects as well as nodal and apsidal rotation
rates.

The departure sequence is summarized in table V. The altitude of
perigee stays constant at 260.33 n. mi., but the altitude of apogee
increases with each revolution to a maximum of 63 238 n. mi., The period
of the final orbit is 46 hours. The inclination of the parking orbit,
until the time of the seventh maneuver, is 29.16°. The inclination of
the final orbit and departure hyperbola is 27.133°. The elapsed time
from the first maneuver to the last maneuver is 67.51 hours, and during
this period the AV required is 13 253 fps. This AV requirement includes
the 594 fps for cooldown losses for the nuclear propulsion injection stages
and 280 fps for other propulsion losses.

A time history of the departure hyperbola is given in table VI and in
figure T using the Earth-equatorial coordinaste system. The spacecraft
travel time from perigee to the Earth S0 is 66.0124 hours. The velocity
at the Earth SO0I is 11 855 fps, and the flight-path angle is 88.667°. The
Earth groundtrack of the departure hyperbola is shown in figure 8. The
position of each thrusting maneuver is also indicated. The geographic
latitude and longitude of the final TMI maneuver are -24.75° and 17h.82°,
respectively.



TABLE V.= SUMMARY OF EARTH DEPARTURE SEQUENCE

&Y, fps
S oy ) R e et N e el T e ) BV B B -3

Topuice 3 | ygoo 0y | -6T.sue | -a2.30r | 00572 | a2ms 61 12 1348 Batore L e | L.aTod | 29260 i{;gg’ﬁ emr20
Inpulse 2 _1.$ml:é !7‘5 —§5.6504 | -23.n82 81.951 1bs0 g8 19 2 885 fi{gi" 1 ﬁg:.’;g : gzgg :g:igg ﬂg:gg :ig;igg
Topudse 3 | a0hs 5p | 633368 | -amfz | was | 1536 T4 25 bseo | frer Pk | 1 Bk Eggg; o]
Tepetse b | A% T 1 -go.a0en | -23.mi0 60 | 15T 3 1 6 198 hefore g 20| B-us8 29-160 | 370,052 | -12%.268
Iopilae 5 0’,1‘.“55;25 -s5.h605 | -23.832 -70.565 1748 a7 Y 8 abr hefore J..? ggé:g" ’;:Egg gg:igg igg-ggg :Illgg:g;g
Impuloe 6 1‘;?;:1.25 -h5,9946 | -23.905 146,763 1636 g2 ho 10 035 hertoxe a gggg 3 saBo :gigg igg:;g:-" da.1e
taputee 7 [ N0 85 | asamhe | s26.003 | azsée | 20 10 0 10 28§ Before gg gggg ﬁg_ggg gg-igg i-g% ggg :aﬁg:zgg
Impulse 8 ’ﬁ"’sllgi .0 . 24,752 174, 820 2753 129 116 13 253 Botore 62 238.3 | 45 o0 ';’Hig ﬁgg?} :ﬁ%%ﬁ%

Baltitude of perigee i 260,33 n. mt.
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TABLE VE.~ TIME HISTORY OF EARTH DEPARTURE HYPERBOLA™

v | 00| st | vewosey, | TREFER | HEE | vecrtnation, | (RIS | st | oty
day/hr:min:sec cTe deg deg deg deg
10/11:51:11 0.00 260.33} 37 176.5 0.000 k2171 =2i.752 174,821 102,485 0.000
10/12:06:11 .25 L 968,501 31 h21.8 35,929 112,672 ~19.946 2L1.862 T1.215 6h.oh1
10/12:22:11 .50 4 o11.12| 26 188.3 50.995 137.91% ~10.008 263.0k4 6l . 640 90.958
10/12:51: 1L 1.00 10 T7L.2 21 382.5 63.060 155,532 -1.293 273,141 62,895 | 110.522
10/33:51;11 2.00 21 368.8 17 832.5 71.867 167.220 L.665 265.788 63,241 123.631
10/1k:51:11 3.00 31 0ho,3 16 298.1 75.817 172,116 7.096 259.643 63.7h3 129,074
10/16:51:11 5.00 %8 957.0 14 821.8 79.787 176.T9L 9,347 23k .236 6. 412 13k.219
10/21:51:11 10.00 50 039.6 13 4h7.2 83.71L 181,14 11.362 163.384 65.195 138.951
11/02:51:11 15.00 128 792.9 12 895.8 85.368 182.895 12.1h8 8g.929 65.552 140,838
11/07:52:11 20.00 166 L09.1 | 12 5914 86.308 183.865 ° 12.577 15.694 65.759 | 141.877
11/12:51:11 25.00 | 203 338.3 | 12 396.h 86.920 184 . 48T 12.8k9 301.111 65,896 | 1h2.543
11/17:51:11 30.00 239 803.6 | 12 260.2 87.353 18k.922 13.039 226,340 65.994 | 1h3.007
12/03:51:11 Lo.00 311 807.8 12 081l.h 87.928 185,40k 13.286 76.502 66.12h 143.616
12/13:51:11 50.00 382 993.9 11 968.9 88.204 185.855 13441 286.452 66.207 kb, 000
12/23:51:11 £0.00 453 637.7 1L 89L.2 88,548 186,104 13,548 136.290 66.265 1hh.265
©13/05:51:55 | 66.012h | koS 928.7 | 11 855.1 |  88.667 186.220 13.597 45.97h | 66,202 | 14%4.388
®Inclination = 27.133°,
bTime after final departure maneuver.
“Baxth SOI.
A%
()
%
o<
0
%%

Ge.
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PLANE CHANGE
REQUIREMENT

~ 7TH IMPULSE (ROTATE
ORBITAL PLANE INTO
DEPARTURE ASYMPTOTE)

1ST = 5THIMPULSE ™\
(RAISE APOGEE ALTITUDE)

6TH IMPULSE (INCREASE
" ORBIT PERIQD TO 46 HOURS)

8TH IMPULSE (TRANSFER TO-
COAPSIDAL HYPERBOLA) ’

DEPARTURE
ASYMPTOTE

Figure 6,- Geometry of eight~-impulse planetary departure.
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6.3 Earth-to-Mars Coast

‘A time history of trajectory parameters for the Eerth-to-Mars coast
(Earth SOI to Mers SOL) is shown in figure 9. The heliocentric ecliptic
coordinate system is used for this phase of the mission. The heliocentric
transfer angle is approximately 200°, and the transfer time is 262 days.

The eccentricity &nd inclination of the transfer orbit are 0O, 2136° and 1.7L29°
respectively. The spacecraft distances to the inner planets and the Sun

are -shown in figure 10 for the entire mission. In the Earth~to-Mars porticn
of the mission, the closest approach to Venus is approximately one-third

A.U., while the closest approech to Mercury is approximately three-fourths
A.U,” The spacecraft/Earth distance at the time of spacecraft arrival at

Mars is 1.3 A.U. The spacecraft varies in distance from the Sun-:from
approximately 1 to 1.5 A.U. during the Earth-~to-Mars coast,
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6.4 Mars Orbit Tnsertion

The trajectory parameters for the portion of the mission from the
Mars SOI to periapsis of the Mars arrival hyperbola asre shown in figure 11,
The coprdinate system is the areccentric or Mars equatorial system. The
transfer angle is 115°, and the flight time is 40.3 hours. - The velocity
at the Mars SOT is 12 859 fps, and the velocity at periapsis is 20 203 fps.
Mars orbit insertion is simulated by a single impulsive thrusting maneuver

of 6221 fps execluding propulsion losses. The resulting orbit around Mars
is 200 by 6322 n, mi, with an inclination of 75°.
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(a) Time histories of the Cartesian components of the position vector.
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6.5 Mars Parking Orbit

'he parking orbit around Mars is 200 by 6322 n. mi. with an inclination
of .7T5°. The orbital period is 7.73 hours. The initial longitude of the
ascending node and argument of periapsis are 292.46° and 136.81°, respec-
tively. This orbit was selected from several possible orbits, all of
which exhibit the characteristic’ of being alined with the hyperbolic approach
and departure periapsis positions. The oblate gravitetional field of Mars
causes the initial periapsis position to be perturbed to the position of
the required departure periapsis following an 80-dasy stey at Mars.
References 8 and O present detailed analyses of this parking orbit alinement
technigue. The rather high orbit inclination (75°) was selected because
of the desire to locate the landing site near the edge of the North polar
cap. Some interest has been expressed in this area because the results of
the Mariner VI and VIT flights have become available.

A time history of the parking orbit trajectory parameters accounting
for first and second order secular perturbations bdsed on epoch values
for selected orbits is given in figure 12. A complete time history from
arrival to departure would involve about five times the data actually
presented. This amount of detail is not necessary at this time; therefore,
only those pericds involving significant ectivity (e.g.; MOI, MEM operations,
and TEI) are included. The coordinate system is the Mars equatorial system.
The Mars groundtracks of selected revolutions (1 through 4%, 63 through 66,
157 through 160, and 246 through 248) are given in figure 13. These
groundtracks correspond to the time of arrival, Mars lander descent, Mars
lander ascent, and Mars departure, respectively. The spacecraft is in
sunlight during the entire 80-day stay except for a few minutes during-
the first and second revolutions. The Mars orbital elements were selected
on the basis of secular perturbation; thus, the semimajor axis, eccentricity,
and inclination are assumed constant. The first order short and long period
perturbations have been examined, and these effects are included in the
time histories shown in figure 1b4. Variations in inclination are less than
0.025°, The eccentricity varies less than 0.0043, and variations in the
semimajor axis are less than 65 n., mi. The current knowledge of the Mars
gravitational field is insufficient for precise orbit prediction, and
the periodic perturbations can be ignored at least for the present. The
techniques used for the Mars orbit propagation data are discussed in
references 10 and 11.
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continued,

Figure 12 .~ Continued,
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(b) Time histories of the Cartesian components of the velocity vector-
concluded.
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(d) Time histories of the magnitudes of the position and velocity vectors.
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(d) Time histories of the magnitudes of the position and velocity vectors
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(e} Trajectoty projections on the X-Y and X-Z planes.
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(a) Time histories of the Cartesian components of the position vector.

Figure 14 .- Mars orbit trajectory parameters accounting for first and second
order secular as well as first order short and long period perturbations
(areocentric or Mars equatorial coordinate systems) periapsis at arrival

propagated for an 8 0-day stay.
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(a) Time histories of the Cartesian components of the position vector - continued,
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(@) Time histories of the Cartesian components of the position vector - continued.
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6.6 Mars Landing

The descent for the Mars landing is initiated 20.161k4 days after
Mars orbit insertion. The lander and mein spacecraft separate, and the
lander performs a 128-fps AV maneuver at apoapsis of the parking orbit.
This velocity change lowers the perigpsis altitude of the lander's orbit
to 19.8 n. mi., The first serobraking phase begins near periapsis
(3.7283 hr after descent initiation), and the descent guidance {ref. 12)
attempts to steer the lander into a trajectory which has a maximum altitude
of 200 n. mi. This altitude is high enough that error in the skip trajector;
do not endanger the operation of the wvehicle. The Mars atmospheric density
profile presented in figure 15 was used in all calculations comcerned with
aerobraking. A time history of the acceleration and dynamic pressure
during the first aerobraking phase is shown in figure 16. The maximum
dynamic pressure is 52.3 psf, and the maximum acceleration is 16.2 ft/sec2
{0.596 times the gravitational acceleration at the surface of the Earth).
A time history of the roll angle, flight-path angle, altitude, and relative
velocity is given in figures 17 and 18. The total time of the aercobraking
maneuver is 320 seconds, and the velocity of the lander is reduced by
approximately 3100 fps.

After the aerobraking maneuver, the apoapsis altitude of ‘the orbit
is 169.178 n. mi., and the inclination is 72.3° (decreased from 75°). At
a time of L.4T22 hours after descent initiation, the lander reaches apoapsis
and performs a thrusting maneuver of 298.3 fps to achieve an orbit of
169 by 180.n. mi. A thrusting maneuver of 1k.9 fps is made 0.9167 hour
later to establish a 180-n. mi. circular orbit. The altitude of this phasing
orbit was selected a8 a compromise between the requirements to reach the
landing site (located at 69°N latitude and 130°E longitude) and to maintain
commumnication with the main spacecraft at the time of lending. The lander
remains in this orbit until 18.2833 hours after descent initiation
(approximately seven revolutions around Mars). At this time, a thrusting
maneuver of 280 fps transfers the lander 4o the final descent trajectory.
The AV is not directed opposite to the motion but rather is in a direction
which will minimize any error in the location of the entry point. This
AV direction is approximately 20° below the horizontal and is in a retro-
grade direction. The final aerobraking maneuver (ref. 13) begins
18.9033 hours after descent initiation. The entry interface altitude is
158 000 feet. A time history of the acceleration and dynamic pressure
during the aerobreking phase of the final descent is shown in figure 19.
The maximum dynamic pressure is T0.T7, psf and the maximum acceleration is
295.9 ft/sec?. A time history of the roll angle, flight-path angle, altitude,
and relative velocity is shown in figures 20 and Z1.

At an altitude of 36 21T feet, the propulsion breking phase of the
final descent is inditiated. The velocity and flight-path angle of the
lander are 3451 fps and -17°, respectively. A time history of the velocity
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and pitch angle is shown in figure 22, and a time history of altitude

and range is shown in figure 23. The initial thrust-to-weight ratioc of

the vehicle is 1.5, and the specific impulse is 385 seconds. This constant
thrust descent trajectory ends at an altitude of 500 feet and at a

velocity of zero. The manual landing phase begins at this point. The total
characteristic velocity and time required for the propulsion braking

phase are 3769 fps and 67 seconds, respectively.

The effect of blackouts caused by the ionized atmosphere during entry
were not considered when the communications capability between the
spacecraft and lander was being determined. Tt is assumed that communicatior
is possible unless-the vehicles are occulted by Mars. The time periods
of communication loss are indicated in figure 24 which gives a time history
of the altitude and central angle between the vehicles for the entire
descent phase. The two vehicles are in communication until L.85 hours
after descent initiation. This time is approximately 30 minutes prior
to the circular orbit phasing maneuver. The longest time period of
cormunication loss is slightly longer than 1 hour, while the shortest
time period of communication capability is slightly shorter than 1 hour.

The two vehicles have constant communication capability (except

for blackouts) during the final aerobraking and propulsive braking phases
and for approximately 12 minutes after the lander reaches an altitude of

500 feet. When the lander is on the surface, periods of communication

are both short and infrequent. For example, communication is not possible
for approximately 15 hours after landing. The communication period at

that time is approximately 30 minutes, followed by a communication loss N
period of approximately 8 hours.

A time history of the heating rates during the first and second
aerobraking phases of this descent to the Martian surface is given in
figures 25 and 26, respectively. This heating rate corresponds to the
stagnaetion point heating rate of a l-«foot radius sphere. The maximm
heating rate during the aerobraking to intermediate orbit phase is
12.3 Btu/ft?-sec, while the maximm heating rate during the final braking
phase is 50.6 Btu/ft2-sec. No atbtempt was made to determine the heating
rate during the propulsive braking phase.



10

Illlllf

10”

=
Dl
o

Density, P, slug/ft3
1

10

IIIOIF]

107

Illllli

-9

i0

102

] ] l | i |

100 200 300 400 500 600
Altitude, h, ft

Figure 15,- Mars atmospheric density profile,

T00X10

3



Acceleration, 9

Dynamic pressure, psf

70

60

50

40

30

20 -

10

] 1 I I T
—— Aerobtaking guidance phase

Time Is referenced

after the initiatio

to 3.
n of the descent

7083 hr

™

| —Acceleration .
NV
\

\\\\\\

— N
/ Dynamic pressure—-/}\

P

/

A

50 100 150

200 250 200
Time, sec

350

400

Figure 1 6.~ Time history of acceleration and dynamic pressure during aerobraking to intermediate orbit

around Mars.,

£OT



Flight-path angle, deg

Roll angle, deg

4 T T T T T T
Aerobraking guidance phase
I F—
.—-"""'--’
0 T
i ~
// Time is referenced to 3,7083 hr
-4 . after the initiation of the descent
L~
/
-8
200
100
0 \ Famn
. \ , S
=100
/]
-200 ,
0 50 100 150 200 250 300 350 400 450
Time, sec

Figure 17.- Time history of rol! angle and flight-path angle during aerobraking to intermediate orbit
around Mars,

500

H7OT



Relative velogity, fps

14,6 %

14.2

13,8

13,4

13.0

12.6

12.2

11.8

11.4

11.0

10

Altitude, ft

360X 10

320

2380

240

200

160

120

g0

40

3

Aecrobraking

guidance phase

A \ after the

Time is referenced to 3,7083 hr
initiation of the descent

N N e
N /——Relatwe velocity y
N\ \ =
\/-—-Altatude \\ //
\ |
’\‘T\
\
A
AN
~
\
\"-—
-.-"‘—-_
50 100 150 200 250 300 350 400 450 50—0
Time, sec

Figure 18,~ Time history of altitude and relative velocity dllJring aerobraking to intermediate orbit around Mars .

550

coT



Acceleration, gE

) )

.3

Dynamic pressure, psf

90

80

70

60

50

40

30

20

10

Aerobraking guidance phase

b s

'-n..__‘\

/ ‘\\ l— Acceleration . / /

\ -
, N D

Z yaysm |
////l \s\ //// E:Egﬁlﬂ;ive__
/ / - ' : \ ./// ' | phase

- Dynamic.pressure

//

Time'1s referenced to 18.8944 hr
-after the imitiation of the descent

50 100 150 200 250

300 350 400 450 500

Time, sec

Figure 12.~ Twime history of acceleration and dynantic pressure dunng final descent to Mars surface,

550

90T



F light-path angle, deg

Rel!l angle, deg

10

-10

20

200

100

-100

t T

T T ]
Aerobraking guidance phase

Time is referenced to 18 .8944 hr \
after initiation of descent

/

R 1

Begiﬁ

j' propulsive
braking

; phase

50 100 150 200 250 300 350 400 450 500
Time, sec

Figure 20.- Time history of roll angle and flight-path angle during final descent to Mars surface,

550

LOT,



Relative velocity, fps

16 %

14

12

10

10

Altitude, ft

3

320% 10 T T T T T [
Aerobraking guidance phase |
‘ [
— : |
280 Time is referenced to 18.8944 hr ‘ I
after the initiation of descent :
Begin propuisive

240 braking phasel
e | !
.y l

200 = -

\ Relative velocity
160 AN \\\
N |
\\
- "‘*-\\
1 20 \“'-._ — ‘\ i
- "‘-..__‘_. \
N—Altitude ~ ‘.\\
80 < ~
~
. <
40 B
[
0 50 100 150 200 250 300 350 . 400 450 500
Time, sec

Fiaure 21 .~ Time history of altitude and relative velocity duting final descent to Mars surface,

550

Q0T



Pitch angle to horizontal, deg

Velocity, fps

26 i
_t

Thrust !
34 ‘
Pitch angle i
|
Horizontal \/ I
i

32 Begin manual

landing phase

Velocity = 0 fps ™|
50 ] Altitude = 500 ft
\ l
— i
\_4
f
26 ‘
|
f
Constant thrust descent to 500~ft altitude i
Initial T/W=1.,5 i
24 | =385zsec i
-y sp
4%x10° Total V_ = 3769 fps I
) |
I
i
3 I
{
f
I
2 |
N |
|
~ {
1 {
(
S |
l
\\I ]
0 10 20 30 40 50 60 70

109

Time after thrust initiation, sec

80

Figure 22,- Velocity and pitch angle time history fot propulsive braking phase of Mars

landing.



Range, ft

Altitude, ft

110-

240 X 10° ;
i
)
200 :
i
[
160 Begin manual ]
landing phase
Velocity=0 fps — |
Altitude = 500 ft
120 I
\ i
\\ I
™, I
80 N ’
1
e I
]
{
|
0 B '
Constant thrust descent to 500-ft altitude l
3 Initial T/ W=1,5 - f
40310 I, = 385 sec ,
\ Total V= 3769 fps :
30 \\ |
|
N |
\\ |
» TN :
- 1
~N |
10 \-.\ :
T !
\_______________{
0 10 20 30 40 50 60 70 80

Time after thrust initiation, sec

Figure 23 .~ Altitude and range time history for propulsive braking phase of Mars

landing.



%ﬁp
o
N e
O&u@dooﬁ
of.
e
ST
o
A
o ﬂo

000
LI I
G RN A A
LA I LT ATV ) A o A A B A A A
\\\ I —1_
707777 78777777
&&QQQQ&kM\\ LG,
A B
/ = .\\\\V

017,177,057 4, W 15772 4 5
T g s
LN IAY AV A LAl AL A AL AS X e A LA
N e
A WMM“\\W 2014 RIS ) 1117 mN_w\w\. A7
A
% 2 I 7 LA
ot nr..r./l

//

/]
\\\\ f....r

\\\\
LI Y117 ) RIS I ) (1AL 1
v 7 W
P \D&&
/ ——

—

VA AVA A A A A 4 \..u \\ VA, PV = \\\ TATTATT
0
AN 0 o s i) UL

// M \r\u\

et v il by o
77770 77777777
i

~ T~
// S ~
S ™~
) N T x
o Ao
LD i2
i L
N4 7

: |

s N

Sty fapmnly

-

Sap “oepun| pit YrOEOYds usenq abue junuay ¢

20

19

18

17

16

15

14

13

12

11

10

urface,

Figure 24,~ Teme history of altitude and central angle between spacecrait and lander during lander descent to Mars s



Stagnation point heating rate, Btl.r/ftzlsec

18

15

14

12

i0

I
1 :
T ] Time 15 referanced
[ £ ! to 3 - 7083 hr
1 i after descent initiation
I
: Aerobraking quidance phase
i
t .
' N
i '
l /
: /
Y
1N N -
v H
/ 3
%
L/
E]
'/
4 N
/ \\\
/ N
/ \\
/1 ' ™~

-/ N

}
40 80 120 160 200 240 280 320 360 400 440 480 520

Time, sec

Figure 25 ,~ Time history of stagnation point heating rate of 1-foot radius sphere during aerobraking to mtermediate orbit around Mars.



2

Stagnation point heating rate, Beu/ft/sec

90

80

70

60

50

40

30

20

10

Time 15 referenced
to 18.8944 hr

after descent imtration

Aerobraking guidance phase

Begin
propulsive
braking
phase

t
K

/|

[
]
i
1
!
!
t
1
I
|
!
]
1
1
|
1
[
L
|
I

40 80 120 160 200 240 280

Time, sec

320

360

400

440

480

520

Figure 26 .- Time history of stagnation point heating rate of 1-foot radws sphere during final descent to Mars surface,

560

¢TT



11l

6.7 Mars Launch and Rendezvous

Mars lander ascent and rendezvous is initiated after a nominal staytime
of 30 days. The Mars atmospheric density profile used for all calculations
of flight in the Martian atmosphere is shown in figure 15 {section 8.6).

The specific impulse of the sta%é is 380 seconds, and the ballistic
parameter (WO/GDA) is 400 1b/ft?. The characteristic velocity required

for a time optimum launch from an altitude of 100 feet and a vertical
velocity of 60 fps to a 300 000~ to 40O 000-foot by 100-n. mi. Mers orbit
is showm in figure 27 as a function of thrust-to-weight ratio for a true
anomaly at orbit insertion of 5%. Studies indicated that the characteristic
veloeity requirement is insensitive to variations in true anomaly at orbit
insertion between +10° (ref. 1k4). The 300 000~-foot by 100-n. mi. orbit

wag chogen for further study because it had the lowest velocity requirement.
Orbits with lower periapsis altitudes have undesirably short orbit decay
times. A thrust-to-weight ratio of 1.0 was assumed for which the velocity
requirement for orbit insertion is 13 620 fps. The AV required for the
vertical rise to a 100-foot altitude and 60—fps vertical velocity is 96 fps
for a total AV to orbit of 13 716 fps. Time histories of the radial and
tangential velocities are given in figure 28, and time histories of the
altitude and vehicle pitch angle to the horizontal are given in figure 29.
A time history of the stagnation point heating rate of a l-foot radius
sphere during this ascent phase is given in figure 30.

The rendezvous phase between the lander and spacecraft is initiated
at the time of orbit insertion of the lander ascent stage. An optimum
multiple impulse technique (refs. 15 and 16) was used to simulate this
lender active rendezvous. Two coplansr launches from the surface
ere considered; one with a northeast launch azimuth and the other with
a southeast launch azimuth. The impulsive AV reguired for rendezvous
after each of these launches is given in figure 31 as a function of the
coget time in the initial orhbit (300 000 £t by 100 n. mi.). The meximum
totel time allowed for rendezvous is 24 hours. The minimum AV of 321L fps
results after a northeast coplaner launch and a 10,88-hour coast prior
to the first impulse. Time histories of the range, altitude, and phase
angle are given in figures 32, 33, and 34, respectively, for the optimum
northeast launch.

The MEM ascent stage passes through the Martisn shedow during the
rendezvous sequence. The penumbra is entered at 16 hours 1k minutes after
Mers 1ift-off; the umbra is entered at 16 hours 1T minutes and is exited
gt 17 heurs 25 minutes. The vehicle reenters sunlight at 17 hours 26 minutes
(i.e., exit of pemumbra). The rest of the nominal rendezvous segquence
is in sunlight.
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6.8 Transearth Injection

Periapsis of the Mars parking orbit rotates under the influence of
the Mars oblate gravitationel field such thet after the nominal staytime
of 80 days, the orbit is correctly alined to permit a coplanar transearth
injection maneuver. That maneuver is simulated by a single impulse of
12 929 fps (excluding gravity losses) and is targeted for a swingby -of
Venus 127 days later. A time history of the trajectory parameters of the
departure hyperbola (periapsis to the Mars 80T) is shown in figure 35.
The velocity at periapsis is 26 911 fps, and the velocity at the Mars
SOI ig 21 904 fps. The transfer angle is 101°, and the transfer time
is 28.9 hours.
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6.9 Mars-to-Venus Coast

A time history of trajectory parameters for the Mers-to-Venus coast
(Mars SOI to Vemus SOI) is shown in figure 36. The heliocentric ecliptie
coordinate system is used. The transfer time is 125 days, and the
heliocentric transfer angle is 102°. The eccentricity and inclination of
the transfer orbit-are 0.3925° and 2.9354°, respectively. The spacecraft
relative distances to the inner planets and the Sun are shown in figure 9
{section 8.3}. The closest approach to Mercury during the Mars-to-Venus
coast is epproximately 0.8 A.U., while the spacecraft varies in distance
from the Sun from approximately 1.4 to 0.7 A.U. The spacecraft/Earth
distance veries from approximately 1.86 to 1.46 A.U,
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6.10 Venus Flyby

A time history of trajectory parameters for the arrival and departure
trajectories at Venus is shown in figures 37 and 38, respectively. The
coordinete system is the Venus-centered Earth equatorial system. The
veloeity at the Venus SOI (arrival and departure) is 35 k00 fps. The
closest approach is 2551 n. mi. at a velocity of 43 520 fps and an inclination
of LL.59°., The total transfer angle {ehter SOI to exit SO0I) is 200°, and
the transfer time is 31 hours, The spacecraft is within 25 000 n. mi. of
Venus for 2.5 hours and is in sunlight except for 26 minutes of shadow
occurring 45 minutes prior to periapsis. The vehicle enters the penumbra
for 6 minutes, the umbra for 16 minutés, and the pemmbra agein for I minutes.
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(a) Time histories of the Cartesian components of the position vector,

Figure 37,- Venus arrival trajectory parameters {planetocentric Earth equatorial

coordinate system) sphere of influence to periapsis.
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(c) Time histories of the true anomaly and mean anomaly.

Figure 37.- Continued,
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(a) Time histories of the Cartesian components of the position vector,

Figure 38,- Venus departure trajectory parameters (planetocentric Earth
equatorial coordinate system) periapsis to sphere of influence,
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(b} Time histories of the Cartesian components of the velocity vector,

Figure 38.- Continued.
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6.11 Venus-to-Earth Coast

A time history of trajectory parameters for the Venus—to~Earth coast
(Venus S0I to Earth SO0I) is shown in figure 39. The coordinate system is
the heliocentric ecliptic system. The eccentricity and inclination of -
this heliocentric trajectory are 0.3071° and 1.8456°, respectively. The
transfer angle is 275°, and the transfer time is 166 days. The.spacecraft
relative distances to the inner planets and the Sun are shown in figure 10
{section 8.3). The closest approach to Mercury is 0.2 A.U. during this
portion of the mission. The spacecraft varies in distance from the Sun

from approximately 0.55 to 1.0 A.U.
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(2) Time histories of the Cartesian components of the position vector.

Figure 39.-Venus-to-Eatth trajectory parameters (heliocentric ecliptic
coordinate system) connecting spheres of influence boundaries.
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(d) Time histories of the magnitudes of the position and velocity vectors.

Figure 39.- Continued.
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6.12 Earth Approach

A time history of trajectory parameters for the trajectory from the
Earth SOI to periapsis is shown in figure 40. The coordinate system is the
Barth equatorial system. The transfer angle 1s 136°, and the transfer time
is 50.6 hours. The velocity at the PFarth'SOI is 15 870 fps, and the
entry velocity at the 400 000-foot altitude is 39 530 fps. The inclination
of this trajectory is 28.2°. Entry interface occurs at 1k.2°S latitude
and 165.7°W longitude. The aserodynamic entry phase was not simulated.
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Figure 40. - Earth arrival trajectory parameters (planetocentric equatorial
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