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FOREWORD

This document presents the results of the third United States manned
orbital space flight conducted on October 3, 1962. The performance discussions
of the spacecraft and launch-vehicle systems, the flight control personnel,
and the astronaut, together with a detailed analysis of the medical aspects of
the flight, form a continuation of the information previously published for the
first two United States manned orbital flights, conducted on February 20 and
May 24, 1962, and the two manned suborbital space flights.
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1. SPACECRAFT AND LAUNCH-VEHICLE PERFORMANCE

By Jon~ H. Boynton, Mercury Project Office; and LEwis R. FisHER, Mercury Project Office

Summary

The Mercury spacecraft and the Atlas
launch vehicle used in the orbital flicht of
Astronaut Walter M. Schirra, Jr., performed
extremely well in every respect. All objectives
of the eighth Mercury-Atlas mission (MA-8)
were accomplished, and no malfunctions oc-
curred which compromised the success of the
mission. The third United States manned
orbital flight marked another key milestone in
the Mercury program, in that the period of
observation in space for both the astronaut and
the spacecraft systems was twice that of pre-
vious missions. The only anomaly which
caused concern during the flight was an elevated
suit temperature experienced in the first 2 hours
after launch. This condition was later found
to have resulted from a foreign substance in
the control valve, but the flight control task
was further aggravated by a difference between
the suit-inlet temperature readings telemetered
to the ground stations and those indicated to
the astronaut by the instrument panel gages.
However, the elevated temperature condition
was adequately remedied through -effective
system monitoring and methodical control-
valve manipulation by the astronaut. The
scientific experiments included in the mission
provided valuable information regarding physio-
graphic features of the earth, the selection of
filters for weather photography, nuclear radia-
tion in terrestrial space, and the effectiveness
of advanced ablation materials during an orbital
reentry. The excellent performance of the
man-spacecraft system during the MA-8 flight
provided information and evidence which sup-
ports the immediate advancement of essentially
this same system into missions of even greater
duration with more ambitious objectives.

Introduction

The eighth Mercury-Atlas mission (MA-8)
was planned for up to six orbital passes and
was a continuation of a program to acquire
new knowledge while extending the operational
experience in manned orbital space flight. The
objectives of the flight were to evaluate the
performance of the man-spacecraft system in
& six-pass orbital mission, to evaluate the
effects of an extended orbital space flight on
the astronaut, to obtain additional evaluation
by the astronaut of the operational suitability
of the spacecraft systems, to evaluate the
performance of spacecraft systems which had
been medified, and to exercise and evaluate
further the performance of the Mercury World-
wide Network and mission support forces in
order to establish their suitability for extended
manned orbital flight,

The Mercury spacecraft, Sigma 7, and the
Atlas launch vehicle used by Astronaut Schirra
in successfully performing the third United
States manned orbital mission were nearly
identical to those used for the MA—6 and MA-7
flights. The spacecraft provided a habitable
environment for the astronaut in space and
protected him during the elevated heating
phases of powered flight and reentry. The
spacecraft also served as a laboratory in space
where valuable scientific experiments were
conducted. The intent of this paper is to
describe briefly the significant changes incor-
porated into the MA-8 spacecraft and launch
vehicle since the previous flight and to discuss
the performance of the spaceborne systems.
References 1 and 2 should be consulted for
complete descriptions of the systems discussed
in this paper. The spacecraft systems include
those of heat protection, mechanical and pyro-
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Frgure 1-1.—Spacecraft interior arrangement.

technic, spacecraft control, communications,
instrumentation, life support, and electrical
and sequential. The arrangement of these
systems within the spacecraft is illustrated by
a simplified schematic diagram in figure 1-1.

Heat Protection System

The performance of the heat protection
system was satisfactory. Through the use of
an ablative-type heat shield, insulation in a
double-wall afterbody structure, and heat-
sink beryllium shingles on the cylindrical

section, the Mercury spacecraft is protected

against excessive heating during exit and re-
entry flight through the atmosphere. An
alteration to the heat protection system since
the previous mission was the bonding of nine
ablation material samples to the exterior
surface of the cylindrical section shingles.
The ablation samples were added only as an
experimental study, which is discussed in the
section entitled ‘‘Scientific Experiments,”
and were not installed with the intention of
altering the effectiveness of the beryllium
shingles for this-mission.

All temperature data, as recorded from
thermocouples located around the exterior of
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the spacecraft, were within expected ranges
and were in excellent agreement with measure-
ments taken during previous orbital missions
(see refs. 1 and 2).

Mechanical and Pyrotechnic Systems

The mechanical and pyrotechnic systems
consist of the separation devices, the landing
system, the rocket motors, and the internal
spacecraft structure. These systems functioned
normally throughout the mission. The con-
figuration of these systems was nearly identical
to that of the previous orbital missions. The
notable changes from the MA-7 mission were
the removal of the heater blankets from around
the retrorocket motors in order to conserve
weight and the addition of a SOFAR bomb to
be ejected at main parachute deployment and
detonated at 2,500 feet below the surface of the
water to assist in the location of the spacecraft
after landing.

The primary separation interfaces are those
between the spacecraft and the escape tower,
between the spacecraft and the launch vehicle,
at the heat shield, and around the spacecraft
hatch. All separation devices performed effec-
tively during the mission, including the explo-



sive-actuated side hatch which was deployed
by the astronaut after the spacecraft had been
placed on the deck of the recovery ship.

The landing system includes the landing-
shock attentuation system (landing bag) and
the drogue, main, and reserve parachutes.
These systems were unchanged from MA-7
spacecraft configuration. The landing system
performed satisfactorily; the drogue parachute
was deployed manually, as planned, at a
pressure altitude of 39,400 feet, and the main
parachute sequence was initiated automatically
at a pressure altitude of 10,600 feet, which
was within specification limits. The only
incident of an anomalous nature was the slight
tearing of the main-parachute deployment bag.
Both the drogue and main parachutes performed
properly and were undamaged during descent.

The escape, posigrade, and retrograde rocket
motors operated satisfactorily, and their thrust
levels were within specification limits. The
internal spacecraft structure was found to be
entirely normal during the postflight inspection.

Spacecraft Control System

In accomplishing the task of providing atti-
tude and rate control of the spacecraft during
the orbital and reentry phases, the spacecraft
control system performed satisfactorily through-
out the entire flight. The control system was
essentially equivalent to that which was in-
stalled in the MA-7 spacecraft with but minor
changes. These changes include widening the
limit cycle or deadband of the automatic
stabilization and control system (ASCS) in the
orbit mode from +3° to +5.5° to conserve
fuel, incorporating an ‘‘attitude select’” switch
for maintaining either retroattitude or reentry
attitude in the orbit mode of ASCS, providing
a switch to disable the high (24-pound) thrusters
in the fly-by-wire mode during normal orbital
operations (see fig. 1-2), and installing a modi-
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Figure 1-2.—Fly-by-wire thrust-select-switch
modification.

fied cover for the pitch horizon scanner to
alleviate possible thermal effects during ascent.
An automatic feature existed which made the
high thrusters operative at retrofire when using
fly-by-wire to provide rapid spacecraft aline-
ment and to control any angular rates which
might occur.

Control System Electronics

One unexpected occurrence of minor signifi-
cance during the flight was that the deadband
obtained with the ASCS was greater than ex-
pected. For example, the deadband was ap-
proximately +8° for the initial thrust pulse
instead of the planned +5.5° mentioned pre-
viously. The exact reason for this anomaly is
unknown, but preliminary studies indicate that
the duration of the thrust pulses at the given
attitude limits was less than expected. This
disparity did not adversely affect control system
performance or control fuel usage.

Brief voltage transients were indicated across
the solencid valves for the 24-pound automatic-
system thrusters when the astronaut switched
from ASCS orbit mode to another method of
control, but these transients were insufficient
to operate the solenoid valves and are, there-
fore, not considered to have been of a serious
nature.

Fuel Usage

The usage rate of hydrogen peroxide control
fuel was less than had been predicted for the
MA-8 mission. The mission had been planned
for minimum fuel usage, a philosophy which
was incorporated into the schedule of inflight
activities, and the astronaut adhered strictly
to this flight plan. This result is especially
satisfying when the fuel usage of the two previ-
ous flights is compared with that of the MA-8
mission, which was of much longer duration.
The time history of fuel remaining for the
MA-8 flight is presented in figure 1-3. Al-
though no additional fuel was included, a
number of minor changes in equipment and
flight procedures contributed to the increased
fuel economy. The addition of a switch to
disable the high thrusters when they were not
needed permitted the pilot greater freedom in
stick motion, since he then was not required to
restrain his hand movement within a fixed
range to activate only the economical low
thrusters. This switch, therefore, eliminated
the possibility of inadvertently using the fuel-
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Figure 1-3.—Fuel usage rates.

costly high thrusters during situations in which
the pilot’s attention might be distracted. The
widening of the ASCS deadband was done in an
effort to reduce the number and duration of
control pulses per unit time and, therefore, the
amount of total fuel consumed. The primary
technique to reduce fuel consumption, however,
was the fact that the flight procedure included
long periods of attitude-free drifting flight.
During some of these periods, very small quan-
tities of fuel were used at times to maintain
spacecraft attitudes within the limits of the
horizon scanners. When it was important to
have the spacecraft at retroattitude for a possi-
ble mission abort, the ASCS orbit mode, which
involves very small quantities of fuel, was
utilized. Finally, the flight plan intentionally
excluded control maneuvers which would have
caused large quantities of fuel to be consumed.
It must be emphasized, however, that the previ-
ously mentioned factors were complementary
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to the pilot’s discreet management of control
system operations, for which he alone was re-
sponsible. Astronaut Schirra’s discipline in
using control fuel was the primary reason for
the favorably low rate of expenditure.

Communication Systems

Performance of the spacecraft communi-
cation systems throughout the entire mission
was satisfactory. The communication systems
used in the spacecraft for the MA-8 flight were
very similar to those employed for the two
previous orbital missions. There were, however,
some notable changes from MA-7. The voice
system included a more sensitive and effective
microphone in the astronaut’s helmet {fig. 1-4),
a dipole antenna (fig. 1-5) to be used for orbital
high-frequency (HF) voice communications, &
hardline link from the spacecraft to the liferaft
for possible use after landing, and a miniature
ultra-high-frequency (UHF) transceiver which






