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THE SPACE MISSION
by

PLANNING CHART

ALLYN B. HAZARD, STAFF SPECIALIST
SPACE-GENERAL CORPORATION, EL MONTE, CALIFORNIA

SUMMARY

The Space Mission Planning Chart provides a
simple method for rapidly determining vehicle re-
quirements for planetary missions likely to be per-
formed through the early 1980's. While there is a
general familiarity with the type and size of boost-
ers required for lunar operations, the propulsion
means required for planetary operations are not so
well known. The Space Mission Planning Chart makes
booster and propulsion requirements for manned plan-
etary operations readily comprehensible. No factor
has more effect on the overall size and total con-
figuration of space exploration systems than the
means of propulsion used, and this chart provides a
simple graphical means of viewing the interrelation-
ship between propulsion capability (specific im-
pulse), mission velocity requirements, and payload
requirements for a variety of manned space missions
within the solar system. Through use of this chart,
the effects of a change in any of these variables
can be quickly assayed.

INTRODUCTION

Determining vehicle requirements for manned
missions involves the interrelating of propulsion
capability and veloeity requirements with payload
demands. Through the use of the "Space Mission
Planning Chart,"# this highly complex operation can
be simplified considerably. An early version of the
chart is shown in Figure 1.

The chart is made up in five sections, the most
important of which are the Nomograph (bottom, cen-

ter) and the Isp Protractor. The graph relates

booster velocity capability to payload weight capa-
bility in such a manner that propulsion requirements
for any space mission can be determined guickly and
easily. With the Nomograph, a graphical solution
can be found to rroblems as basic as an Earth-orbit
or as complex as & round trip reconnaissance to the
planet Saturn.

The Nomograrh can be used in other ways as
well, For example, the launch weight of the Russian
booster used to place the Vostok manned capsule into
orbit can be determined graphically with this de-
vice, using as a2 starting point data readily avail-
able from newsparers. Such a problem iz worked out
in detail here, as are two other space mission exer-
cises. In summary, the Nomograph, together with the
ISP Protractor, rermit the determining =f vehicle

requirements for any mission likely o be performed
within the next 20 years.
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annually in the United States for all sorts of goods
and services to the number of dollars spent for
space activities. For instance, in 1960, for every
dollar spent by Americans to probe the depths of
outer space, five dollars were spent on amusements,
six dollars for schools, and eight dollars for lig-
uor and tobacco. These figures show all too clearly
the relatively slow pace of America's Space Program
at the start of the 1960 decade. The pace is now
guickening, and the projection of current trends in-
dicates that Americans will be spending on the order
of 5 billion dollars a year for space activities by
1970 =-- roughly five times the 1960 amount.

Solar System Chart

The Solar System Chart (top, right in Figure 1)
has been aligned so that it can be used in conjunc-
tion with the Nomograph directly below. For exam-
ple, the veloeity requirement for an orbital recon-
naissance of the planet Saturn and the return to
Saturn has been positioned
on the chart so that it is directly above the
400,000 ft/sec line on the X-axis. The other plan-
ets (excepting Uranus, Neptune, and Pluto) have been
positioned similarly directly above the wvelocity re-
quirements for similar round-trip reconnaissance
missions. Also included on the chart are the dura-
tion of each planet's year, distance from the sun,
number of moons, surface gravity, and escape velo-
city. Velocity requirements and mission durations
have been tabulated in Table I for a multitude of
missions.

Possible U.S. Boosters

Figure 3 shows an enlarged view of proposed
boosters which appear in the lower left-hand corner
of Figure 1. Payload capabilities have been shown
for each booster for selected planetary and lunar
missions assuming the use of 02 - H, propulsion in

the booster upper stages and in the spacecraft pro-
pulsion medules.

Separate mention should be mzde of the ISp Pro-

tractor which has been constructed in such a manner
that the relationship of payload weight versus ve-
locity change can be determined for any given pro-
pellant or type of propulsion system. Or, working
backwards, if it is desired to know the impulse that
was or is to be developed, a sloped line on the
grarh can be compared with the I__ Protractor in

sl

order that the effective specific
determined.

impulse can be

Manned Spacecraft

Manned spacecraft (Figure L) troposed for trips
to Mars and to Jupiter are shown =t the lower right
of the chart (Figure 1) znd are drawn to the same
scale as the boosters on the left side of the chart.
A four-engine jet airliner has been drawn to the
same scale to give some idea of srzcecraft size.






