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FOREWORD

This document presents the results of the second United States manned
orbital space flight conducted on May 24, 1962. The performance discussions
of the spacecraft and launch systems, the modified Mercury Network, mission
support personnel, and the astronaut, together with analyses of observed
space phenomena and the medical aspects of the mission, form a continuation
of the information previously published for the first United States manned
orbital flight, conducted on February 20, 1962, and the two manned sub-
orbital space flights.
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1. SPACECRAFT AND LAUNCH-VEHICLE PERFORMANCE

By Jomn H. Boynton, Mercury Project Office, NASA Manned Spacecraft Center; and E. M. FIELDs,
Mercury Project Office NASA Manned Spacecraft Center

Summary

The performance of the Mercury spacecraft
and Atlas launch vehicle for the orbital flight
of Astronaut M. Scott Carpenter was excellent
in nearly every respect. All primary mission
objectives were achieved. The single mission-
critical malfunction which occurred involved a
failure in the spacecraft pitch horizon scanner,
a component of the automatic control system.
This anomaly was adequately compensated for
by the pilot in subsequent inflight operations so
that the success of the mission was not compro-
mised. A modification of the spacecraft con-
trol-system thrust units were effective. Cabin
and pressure-suit temperatures were high but
not intolerable. Some uncertainties in the data
telemetered from the bicinstrumentation pre-
vailed at times during the flight; however, as-
sociated information was available which indi-
cated continued well-being. of the astronaut.
Equipment was included in the spacecraft
which provided valuable scientific information ;
notably that regarding liquid behavior in a
weightless state, identification of the airglow
layer observed by Astronaut Glenn, and photo-
graphy of terrestrial features and meteorolo-
gical phenomena. An experiment which was
to provide atmospheric drag and color visibility
data in space through deployment of an inflata-
ble sphere was partially successful. The flight
further qualified the Mercury spacecraft sys-
tems for manned orbital operations and pro-
vided evidence for progressing into missions of
extended duration and consequently more de-
manding systems requirements.

Introduction

The seventh Mercury-Atlas mission (MA-7)
was planned for three orbital passes and was'a
continuation of a program to acquire operation-
al experience and information for manned or-

bital space flight. The objectives of the flight
were to evaluate the performance of the
man-spacecraft system in a three-pass mission,
to evaluate the effects of space flight on the
astronaut, to obtain the astronaut’s opinions on
the operational suitability of the spacecraft sys-
tems, to evaluate the performance of spacecraft
systems modified as a result of unsatisfactory
performance during previous missions, and to
exercise and evaluate further the performance
of the Mercury Worldwide Network,

The Aurora 7 spacecraft and Atlas launch
vehicle used by Astronaut Carpenter in success-
fully performing the second United States
manned orbital mission (MA-7) were nearly
identical to those used for the MA—6 flight. The
Mercury spacecraft provided a safe and habita-
ble environment for the pilot while in orbit, as
well as protection during the critical flight
phases of launch and reentry. The spacecraft
also served as an orbiting laboratory where the
pilot could conduct limited experiments which
would increase the knowledge in the space sci-
ences. The intent of this paper is to describe
briefly the MA-7 spacecraft and launch vehicle
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systems and discuss their technical perfor-
mance.

The many systems which the spacecraft com-
prises may be generally grouped into those of
heat protection, mechanical and pyrotechnic,
attitude control, communications, electrical and
sequential, life support, and instrumentation.
The general arrangement of the spacecraft in-
terior is schematically depicted in figure 1-1.
Although a very basic description of each sys-
tem accompanies the corresponding section, a
more detailed description is presented in refer-
ence 1.

Heat Protection System

During flight through the atmosphere at
launch and reentry, the high velocities generate
excessive heat from which the crew and equip-
ment must be protected. The spacecraft must
also be capable of withstanding the heat pulse
associated with the ignition of the launch es-
cape rocket. To provide this protection, the
spacecraft afterbody is composed of a double-
wall structure with thermal insulation between
the two walls. The outer conical surface of the
spacecraft afterbody is made up of high-tem-
perature alloy shingles, and the cylindrical por-
tion is protected by beryllium shingles. The
spacecraft blunt end is fitted with an ablation-
type heat shield, which is constructed of glass
fibers and resin. Additional description of the
heat protection system can be found on pages
7 to 9 of reference 1.

Although the MA-T reentry trajectory was
slightly more shallow than for MA—6, the heat-
ing effects were not measurably different, as is
evident in figure 1-2.

The performance of the MA-7 heat protec-
tion system was as expected and was quite sat-
isfactory.

2,000 \ —d Predicted
\ MA-4
\ O ma-s
w 1,500 ‘ < Ma-6
s A MA-T
2
[Kelelo]
§ Inside
£ \fi surface---
F 500 - O
-—-~ Outside %"A\‘ﬂ—'—‘-
surface l;]
| | | ] I
0 20 40 60 80 100

Thickness, percent

F16URe 1-2.—Maximum ablation-shield temperatures.
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Two temperature measurements were made
in the ablation shield, one at the center ang the
other approximately 27 inches from the center.
The maximum recorded values are graphically
shown and compared with previously obtained
orbital reentry values in figure 1-2. The mag-
nitudes of these temperatures, as well as the
ablation-shield weight loss during reentry, are
comparable with previous flights. The sup-
porting structure behind the ablation shield was
found to be in excellent condition following the
flight. A more complete temperature survey
of points around the afterbody than on previ-
ous flights was conducted for MA-7. This sur-
vey was made possible by the addition of & low-
level commutator circuit. The data, which are
shown in figure 1-3, were within expected
ranges, and the integrity of the structure was
not affected by the thermal loads experienced.

Mechanical and Pyrotechnic Systems

The mechanical and pyrotechnic system
group consists of the separation devices, the
rocket motors, the landing system, and the in-
ternal spacecraft structure. This entire group
functioned satisfactorily during the mission.
Performances of individual systems are dis-
cussed in the following paragraphs.

Separation Devices

Separation devices generally use explosive
charges to cause separation or disconnection of
components. The major separation points are
at the interface between the spacecraft and
launch vehicle, between the spacecraft and the
escape tower, at the heat shield, and around
the spacecraft hatch. All separation devices
worked properly during the mission. The ex-
plosive-actuated hatch was not used, since the
pilot egressed through the top of the spacecraft
after landing.

Rocket Motors

The rocket motor system consisted of three
retrorocket motors, three posigrade motors, the
launch escape rocket, and the small tower-jetti-
son rocket. All of these motors are solid-pro-
pellant type. See page 9 of reference 1 for
additional description of the rocket motor sys-
tem. Nominal thrust and burning-time data
are given in the following table :

Although ignition of the retrorocket motors
was about 3 seconds later than expected, the per-



Approx-
Number|Nominal| imate
Rocket motor of thrust | burning
motors | each, lb| time
each,
see
Escape_ .- _____.. 1 52, 000 1
Tower jettison___.__ 1 800 1.5
Posigrade.. . ______. 3 400 1
Retrograde_________ 3 1,000 | 10

formance of the rocket motors was satisfactory.
An analysis of radar tracking data for the
flight yielded a velocity increment at retrofire
which indicated that the retrorocket perform-
ance was 3 percent lower than nominal. This
was acceptable and within the allowable devia-
tion from nominal performance of =5 percent.

Landing System

The landing system includes the drogue
(stabilization) parachute, the main and reserve
parachutes, and the landing shock-attenuation
system (landing bag). The latter system at-
tenuates the force of landing by providing a
cushion of air through the deployment of the
landing bag and heat shield structure, which is
supported by straps and cables. The landing
system can be actuated automatically, or manu-

ally by the astronaut. The landing system is
described in greater detail on pages 28 to 30 of
reference 1. The landing system performed
satisfactorily and as planned.

The MA-T7 landing system differed from the
MA-6 system in the manner of arming the
barostats (pressure-sensing devices). These
units initiate automatic deployment of the para-
chutes when the spacecraft descends to the
proper pressure altitude during reentry. In
the MA-6 and prior missions, the barostats
were armed when above the atmosphere dur-
ing exit flight and thus were in readiness to
initiate the parachute-deployment mechanisms
when the barostats sensed the appropriate pres-
sure during spacecraft descent through the at-
mosphere. This armed status of the barostats
would of course permit deployment of a para-
chute during orbital flight if a certain type of
barostat malfunction should occur. While
such barostat malfunctions had not been de-
tected in previous flights or during ground
tests, it was believed that an additional safety
margin would be desirable, because of the un-
explained early deployment of the drogue para-
chute during the MA-6 mission. Consequently,
a control barostat was added to the automatic
sequence circuit of the MA-T spacecraft. This
barostat sensed pressure in the cabin and func-
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FicURE 1-3.—Afterbody temperature from low-level commutator circuit.






