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NOTICE

NO. 1: LIFT-OFF TIME (2-INCH MOTION) FOR THE MA-7 FLIGHT

WAS 07:45:16.57 EST. RA_IGE ZERO TIME WAS ESTABLISHED

AS 07:45:16.00 EST. ALL TIMES REFERRED TO IN THIS

REPORT ARE IN ELAPSED TIME IN HRS :M-iN:SEC FROM RANGE

ZERO UNLESS 'OTHERWISE NOTED..

NO. 2: THE MA-7 POSTLAUNCH MEMORANDUM REPORT IS IN 2 PARTSj

Ui_TDERSEPARATE COVERS, AS FOLLOWS:

PART I - MISSION ANALYSIS.- THIS PART CONTAINS

AN OVERALL ANALYSIS OF THE MISSION AND PRESENTS A

MINIMUM OF DATA.

PART II - DATA.- THIS PART CONTAINS COMPLETE

TIME HISTORIES OF SPACECRAFT DATA_ WITHOUT ANALYSIS.
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1o0 INTRODUCTION

The second manned orbital fligh_ in Project Mercury was

successfully made on May 24_ 1962, from the Cape Canaveral Missile
Test Center. Astronaut Mo Scott Carpenter_ shown in figures 1.0-!

and 1.0-2_ was the pilot for this Mercury-Atlas (MA_7) mission°
This was the fourth orbital flight of a Mercury specification

spacecraft and the seventh of a series utilizing the Atlas launch
vehicle.

The MA-7 mission was planned for three orbital passes and was

a continuation of a program to acquire operational experience and

information for manned orbital spaceflight. The objectives of the

flight were to evaluate the performance of the manned 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 systems; to evaluate the

performance of spacecraft systems replaced or modified as a result

of previous missions; and to further exercise and evaluate the

performance of the Mercury worldwide network° Ail objectives were

successfully achieved.

A preliminary analysis of the significant data has been made_

and the important findings are presenved in this report. Brief de-

scriptions of the mission_ the spacecraft_ and the launch vehicle

precede the performance analysis and supporting data. Ail signifi-

cant events of the MA-7 mission_ beginning with delivery of the

spacecraft to the launch site through recovery and postflight

examination_ are documented.

The graphical information presented herein has been included

to support and clarify the text; however_ the reader is referred

to Part II for a complete presentation without analysis_ of all

MA-7 time history data.
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2.0 MISSION SUMMARY

The MA- 7 mission, with Astronaut M. Scott Carpenter as pilot,

experienced unscheduled prelaunch holds totaling 45 minutes, and

these were directly related to reduced visibility conditions and
the measurement of atmospheric refraction in the launch area. A low-

level fog and smoke condition precluded required optical coverage at

the planned launch time of 7:00 AM, e.s.t. Lift-off occurred approxi-

mately at 7:45 AM, e.s.t._ on May 24_ 1962; 3 hours after the astro-
naut entered the spacecraft.

Launch vehicle performance was highly satisfactory, and all
events occurred as planned through spacecraft separation. General
Electric-Burroughs and AZUSA data both indicated a "GO" condition.
Orbital insertion conditions were excellent with deviations from

nominal values of space-fixed flight-path angle and velocity (post-

posigrade) of .O00k degrees and 2.0 ft/seC, respectively. The perigee
and apogee of the orbit differed from the nominal values of 86.96 and

144.4 nautical miles by .09 nautical miles and 0.56 nautical miles,
respectively.

Spacecraft separation and manual turnaround were accomplished

satisfactorily. During the first two and one-half orbital periods,
some difficulties were experienced in maintaining suit-circuit

temperatures. Control-system fuel usage rates were higher than ex-
pected during the early part of this period.

The pilot tracked the launch vehicle tankage, checked out the

spacecraft control system, performed planned tasks, and conducted

scientific experiments. He also took numerous photographs of the

launch vehicle tankage, a tethered balloon, meteorological phenomena,
and general terrestrial features.

Upon arriving within communication range of Hawaii on the third

pass, the pilot noted that the spacecraft true attitude and indicated

attitude in pitch were in disagreement and that the ASCS control mode
appeared to have an error in attitude reference. Because of this

problem and previous preoccupation with other observations, he got

behind in his pre-retro checklist and was occupied with assessing the
control problem from that point to retrofire. Retrorocket ignition

occurred approximately 3 seconds late, the pitch and yaw attitudes

varied during retrofire, and the pilot noted that the sensations dur-
ing this period did not equal the pronounced effects of accelleration

that he had expected. Shortly after retrofire, computed trajectory

data indicated that an overshoot of about 250 nautical miles beyond

the planned landing area would occur_ and subsequent tracking data

confirmed the initially-predicted coordinates of the landing point.

COnfIDENTIAL
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The pilot received information after ionization blackout regarding

these coordinates and the expected recovery time of about one hour.

Retropackage release and periscope retraction operations were re-

ported by the pilot_ and these occurred at near nominal times. The

pilot also reported depletion of the manual fuel supply prior to

ionization blackout. The portion of the reentry through the heat

pulse and deceleration buildup were accomplished satisfactorily,
but oscillations of the spacecraft increased considerably thereafter.

The pilot manually deployed the drogue parachute at an altitude of

about 25,000 feet to damp these oscillations.

After landing, the pilot immediately began the norm_.l procedure

of egressing from the spacecraft through the recovery compartment,

deployed his recovery equipment, and entered his life raft.

Recovery operations were successful, which included deployment

of a pararescue team into the water about one hour after landing.
This team inflated additional rafts and mounted a flotation collar

around the spacecraft to provide additional buoyancy. An HSS-2

helicopter from the aircraft carrier Intrepid recovered the astro-

naut in good condition about 3 hours after landing, and the space-

craft was retrieved by the destroyer J. R. Pierce about 6 hours

after landing.
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3.0 LIFT-OFF CONFIGURATION DESCRiPTiON

A photograph of the lift-off configuration consisting of space-

craft and launch vehicle is shown in figure 3.0-1.

301 Spacecraft Description

Spacecraft nu_oer 18 (shown in figure 3o1-1) was employed in the
MA-7 orbital mission_ and figure 3ol-2 displays the reference axis sys-

tem employed. This spacecraft was essentially identical to Spacecraft

number 13 used on the M_-6 flight_ However_ some of the more signifi-
cant features and modifications between the two are listed below:

1. The Sofar bombs and radar chaff were deleted_ since they are

no longer considered necessary for an effective recovery°

2. The oxygen-quantity telelight was removed because the oxygen

partial-pressure transducer, originally located in the cabin_ was re-

located in the suit. Later the transducer was put back in the cabin,
but the oxygen-quantity te!elight remained deleted°

3. The earth-path indicator and oxygen partial-pressure indicator

were deleted_ since they were not necessary to accomplish the mission.

4. The knee and chest straps were removed as a result of re-evalu-
ation of their usefulness°

5. The coolant-quantity and humidity indicators were deleted as

unnecessary after an analysis of their performance histories°

6. The instrumenv-observer camera was removed because the data

from thls source is nd longer considered essential°" _e pitot_ob_rver
camera, using a mirror, performs a part of this function.

7. A 30-inch diameter balloon, deployed in orbit, was installed
in order to obtain drag and visibility data.

8. A zero-gravity experiment was carried to obtain data on fluid

behavior within a specific envelope configuraVion while weightless.

9. A temperature survey was incorporated to give a more complete
indication of inflight temperatures°

10. A low-level commutator was added to the temperature survey

circuit and recorded directly to the onboard tape°
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11. The !ow-fre_zency-telemetry center frequency was raised

500 kc¢ from 225.7 mc to 226.2 mc¢ to eliminate the RF interference which

occurrred on the MA-6 flight.

12. The suit-circuit eonstant-lzlae_x_rific_ was deleted.

13. The landing bag limit switches were re-wired to prevent erroneous
telemetered and indicated deploy signals should one switch malfunction.

14. A maneuver switch was added to remove roll and yaw slaving of

spacecraft gyros and pitch orbital precession at atronaut's will.

15. The cabin and suit-circuit steam vents were instrumented_ and

a dual indicator was installed on the instrument panel to enable the

astronaut to evaluate temperatures.

16. The check valve was deleted from the inverter cold-plate water

cooling system, since a stuck valve could cause high inverter temperatures.

17. The !/4-g relay was locked in after SECO because this dropped out

with posigrade ignition and interferred with the ASCS damping mode on the
MA-6 flight.

18. The parachute landing system was modified¢ as a result of Project
Reef¢ as follows:

(1) The reef:_ng-cutter pockets were in_ert_d_

(2) The reef:lng-cutter lanyards were relocated to the canopy.

(3) The reefing line was changed frc_ a 750-pound test to 1,O00-

pound test line.

(4) The deployment bag was strengthened.

The weight and balance data recorded immediately prior to flight for
the MA-7 spacecraft are summarized bel0w.

Spacecraft 18 Weight and Balance Summary
Normal

Parameter Launch 0rbit Re-entry Main Chute Flotation

Weight in Pounds 4244.09 2974.56 2663.36 2557.7O 2407.83

Center of Gravity Z 168.40 121.45 125.10 122.51 119.89

X -.07 -.10 -.10 -.09 -.40

Station in Inches Y .02 -.01 .00 .03 .05

Moments 0f Inertia Iz 354.60 288.90 272.10 268.50 262.80

Slugs Ft2 Ix 7709.50 646.30 562.20 445.60 376.10- Iy 7720.70 658.80 575.30 458.90 389.00
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3.2 Launch Vehicle Description

The MA- 7 launch vehicle_ the Atlas 107-Dj was an Atlas Series-D

missile modified for the mission as on _revious Mercury-Atlas flights.

The Atlas 107-D was modified during factory assembly to include

heavier forward tank skins. With the exception that the fuel tank

insulation bulkhead was retained_ this vehicle configuration did not
differ from the launch vehicle (109-D) utilized for the M_-6 mission

in any major respect.

The following is a configuration comparison s_mmary of minor

changes from Mercury-Atlas 109-D to 107-D.

Class I changes added:

1. Staging time was reduced from 131o3 to 130.1 sec. after

lift-off, and backup staging time was altered from 136

to 132.2 sec.

2. Propellant-utilization manometer calibration procedure
revised.

3. Boiloff-valve spring rate changed°

4. LOX-tank pressure regulator operating range changed.

5. Servo stabilization provision to eliminate need for special

selection of booster engine hydraulic actuators_

6. Propellant utilization telemetry-signal conditioning
changed.

7. Booster engine main-oxidizer-valve material changed
from aluminum to stainless steel to reduce thermal

expansion effects.

8. Improved pneumatic regulators cn booster engines.

9. Eliminated interference between high-pressure fuel
drain fitting and vehicle structure°

10. The head-suppression and propellant-utilization solenoid

valves were modified by reversing the electrical-mechani-

cal position stops in an effort to improve reliability.
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l

Figure 3.0-1.- MA-7 Launch configuration at lift-off.
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Figure 3.1-1.-, MA-7 Spacecraft 18 mounted
on the launch vehicle.
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Arrows show positive sense.

ROLL ,//_ XZ _

+

X +
PITCH

Y
YAW

Pitch Roll

Pitch is defined as the rotation of the spacecraft Roll is defined as the rotation of the spacecraft
about its X-axis. The pitch angle is zero degrees about its Z-axis. Clockucise rotation of the space-

(0°) when the Z-axis lies in a horizontal plane, craft, as viewed from behind the astronaut, is
Using the astronaut's right side as a reference, called right roll and is defined as positive (+).
positive pitch is achieved by counterclockwise When the X-axis of the spacecraft lies in a hori-
rotation from the zero degree (0°) plane. The zontal plane, the roll angle is zero degrees (0°).
rate of this rotation is the spacecraft pitch
rate and is positive in the direction shown.

Aecelerometer Polarity with Respect to Gravity
Yaw

With the spacecraft in the launch position, the
Yaw is defined as the rotation of the spacecraft Z-axis will be perpendicular to the earth's
about its Y-axis. Clockwise rotation of the space- surface and the Z-axis accelerometer will read
craft when viewed from above the astronautj is +1 '_G'_.
called right yaw and is defined as positive.

Yaw angle is considered zero degrees (0°) when
the spacecraft is in normal orbital position
(blunt end of spacecraft facing line of flight).
When the positive Z-axis of the spacecraft is
directed along the orbital flight path (recovery
end of spacecraft facing line of flight), the
yaw angle is 180 °.

Figure 3.1-2.- MA-7 Axis diagram

CONFIDENTIAL



CONFIDENTIAL

_ Page 3-7

O..----Aerodynamic

Escape rocket_ spike

Tower jettison
rocket

Escape tower

fairing

Spacecraft

Spacecraftadapter (ref) ,

/

/ ,
Figure 3.2-1.- Sketch showing general configuration.
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4.0 EVENTS, TRAJECTORY, AND GUIDANCE

4.1 Sequence of Events

The times at which the major events of the MA-7 mission occurred

are given in table 4.1-1.

4.2 Trajectory

The ground track of the flight is shown in figure 4.2-1, and

the altitude-longitude profile is shown in figure 4.2-2.

The launch trajectory data, shown in figure 4.2-3, are based on

the real time output of the Range Safety Impact Predictor Computer

(which used AZUSA MK II and Cape Canaveral FPS-16 radars) and the

General Electric~Burroughs guidance computer. The data from these

tracking facilities were used during the time periods listed below.

Facility Time_ Min:Sec

Cape Canaveral FPS-16 0 to 00:39

AZUSA MX II 00:39 to 01:13

GE-Burroughs 01:13 to 05:10

The parameters shown for the "planned" launch trajectory in

table 4.1-1 were computed using the 1959, ARDC model atmosphere to

maintain consistency with other published preflight trajectory

documents. The density of the Cape Canaveral atmosphere is approx-

imately 10 percent higher than that of ARDC model atmosphere in the

region of maximum dynamic pressure (about 37,000 feet altitude).

As a result, the maximum dynamic pressure expected would be about 10

percent higher than that shown as "planned".

The orbital portion of the trajectory, shown in figure 4.2-4,

was derived by first starting with the spacecraft position and velocity

vector obtained during the second pass near Bermuda (during the second

orbit) as determined by the Goddard computer using Mercury network

tracking data. Integrating backward along the flight trajectory to
orbital insertion and forward to the start of retrofire at the end of
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_he third pass yielded the calculated orbit. These integrated values

were in excellent agreement wivh the guidance-system measured values

at orbital insertion. They were also in accord with the position and

velocity vectors determined by the Goddard computer for passes near

the Canary Islands (first pass) and Muchea (second and third passes),

thus establishing the validity of the integrated orbital portion of

the flight trajectory.

The reentry portion of the trajectory, shown in figure 4.2-5, was

obtained by starting with the spacecraft position and velocity vector

near Cape Canaveral, Florida, as determined by the Goddard computer.

Integrating backward along the flight to the end of retrofire and for-

ward to landing yielded the reentry trajectory. This included the

assumptions that the drogue parachute deployed at 04:50:54 and the

main parachute deployed at 04:51:48.2 as indicated by onboard measure-
ment of the times of these events.

The spacecraft decelerations from the integrated reentry trajec-

tory agree within reading accuracy with the decelerations measured by

the onboard aceelerometer. In addition_ the time of .05 g from the

integrated reentry trajectory and from spacecraft onboard measurements

agree within one second. This agreement serves to verify the validity

of the integrated reentry posivion of the trajectory.

The fact that the spacecraft landed approximately 250 nautical

miles downrange of the nominal impact point and 15 nautical miles
north of the nominal ground track can be attributed to improper

spacecraft attitude, late retrofire, and a slightly lower (approximate-
ly 3%) than nominal retrorocke_ performance.

Use of measured capsule attitudes_ which were given by both

scanner and gyro d_ta in integrated trajectory calculations resulted

in landing points approximately 400 nautical miles downrange of the

actual landing poiat. Therefore, these attitude data are clearly

erroneous. In order to obtain a reasonably accurate estimate of the

actual spacecraft _ttitudes and retrorocket performance which are

uniquely related to the measured trajectory and, consequently, the

actual landing point, an extensive trajectory analysis was conducted.

This study made use of actual radar tracking data Jmmediately prior

to and after retrofire, the measured retrofire time_ and a calculated

spacecraft pre-retrograde weight. Estimated accuracies of space-fixed
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position and velocity vectors obtained from radar tracking immediately

prior to and following retrofire are:

Velocity _ 2 ft/sec

+ .002°Flight-path angle

Altitude + 400 ft

+.002 ©Heading angle

Results of the comparison of the pre- and post-retrofire vectors

yielded spacecraft attitudes of 36.5© + 0.5 ° in pitch and 27° _ 0.5 °

in yaw and a retrorocket total impulse--which is 3 +--0.5percent lower
than the nominal value of 38,943 lb-sec expected for this particular

group of rocket motors. This impulse is within the specification

value of 38,880 lb-sec _ 5 percent. These values can be used to

generate the measured reentry trajectory and the actual landing point.
The roll attitude was neglected_ since the roll values of +--20° result

in only one-nautical-mile variation in landing point.

The aerodynamic parameters for the planned and integrated reentry

trajectories were computed using the MSC model atmosphere (NASA Pro-

ject Mercury Working Paper No. 205). This is based on Discoverer

Satellite program data above 50 nautical mile altitudes_ the 1959 ARDC

model atmosphere between the 25- and 50-nautical mile altitudes_ and
the Patrick AFB atmosphere below 25 nautical mile altitudes.

In the trajectory figures the above integrated values are labeled
"actual" .

A comparison of the planned and actual trajectory parameters is

given in table 4.2-1. The difference between these primarily resulted
from the actual cutoff velocity and flight-path angle at insertion

being slightly higher than planned.

4.3 Guidance

The General Electric-Burroughs_ Atlas guidance system performed

exceptionally well in this flight. The guidance system locked on the
vehicle in both track and rate at 00:73 seconds, approximately as

planned, and lost lock at 05:38 (28.1 seconds after SECO).

In figures 4.3-1 to 4.3-3, the velocity and flight-path angle
are shown in the region of sustainer cutoff. GE-Burroughs data are

shown in figure 4.3-1_ and the AZUSA data used in the Range Safety

Impact Predictor Computer (IP7090) are shown in figure 4.3-2 to
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illustrate the noise level during the time of the GO-NO-GO computations.

Both the GE-Burroughs and the AZUSA data are considered very good,
except for three AZUSA points immediately after SECO. The reason for

these three point3 with such large errors is not known at this time.

The points are obviously in error but are included in the figures_since

these points were generated by the IP 7090 computer and received by

the Goddard computers as shown in the figures.

The guidance system gave a cutoff condition which was about 2

ft/sec high in velocity and about .0002 © high in flight-path angle.

These values are within the expected accuracy range for the system.

In figure 4.3-3, -_hese data are shown as flight-path angle versus

velocity. This is the type of display used by the Flight Dynamics
Officer in the Mez?cury Control Center for the orbital GO-NO-GO decision.

Both GE-Burroughs and AZUSA data indicated a GO decision.

The primary _tuxiliary sustainer cutoff (ASCO) signal based on

General Electric-Burroughs guidance system computations was sent to

the launch vehicle simultaneously with SECO. However, the backup

ASCO signal was generated at the 7090 computer 0.44 seconds before

the guidance SECO discrete was sent. The enable switch in the Mercury
Control Center was in the "normal" position, which prevented trans-

mission of this i_roper ASC0 signal. Had this signal been sent, a

cutoff velocity of approximately 110 ft/sec, and possible marginal

GO-NO-GO insertion conditions, would have resulted. The 7090

computer used AZUSA data to compute the time of ASCO transmission,

and the reason fo]- this premature signal is being investigated.
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TABLE 4.1-1.- SEQUENCE OF EVENTS

Planned time_ a Actual time, Difference_
Event hr:min:sec hr:_n:sec seconds

Booster-engine cutoff 00:02:10.1 00:02:08.6 -1.5

(B_CO)

Tower release 00:02:32.2 00:02:32.2 0

Escape-rocket ignition 00:02:32.2 00:02:32.2 0

Sustainer-engine cutoff 00:05:09.9

(SECO) discrete

Tail-off complete 00:05:05.3 00:05:10.2 4.9

Spacecraft separation 00:05:06.3 00:05:12.2 5.9

Retrofire sequence 04:32:25.6 04:32:36.5 10.9
initiation

Retrorocket No. 1 (left) 04:32:55.6 04:33:10.3 14.7

Retrorocket No. 2 04:33:00.6 04:33:15.3 14.7

(bottom)

Retrorocket No. 3 04:33:05.6 04:33:20.3 14.7

(right)

Retro assembly jettison 04:33:55.6 04:34:10.8 15.2

0.05 g relay 04:43:55.6 04:44:44 48.4 (1.0) b

Drogue parachute deploy- 04:50:00.6 04:50:54 53.4
ment

Main parachute deployvnent 04:50:37.6 04:51:48.2 70.6

Landing (accelerometer 04:55:22.6 04:55:57 34.4 (25.6) b

measurement)

Main parachute jettison 04:55:22.6 04:56:04.8 42.2 (33.4)b

apreflight calculated_ based on nominal Atlas performance.

bThe numbers in parentheses show the difference between the actual and

the postflight-calculated reentry event times based on actual insertion

parameters.
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TABLE 4.2-1.- COMPARISON OF PLANNED AND ACTUAL TRAJECTORY PA_ERS

I Condition and q_ality Planned Actual Difference

Cutoff conditions (including tail-off)

Range time, seconds 305.3 310.2 4.9

min:sec 05:05.3 05:10.2

Geodetic latitude, deg north 30.4308 30.5035 .0727

Longitude, deg west 72.5076 72.4111 -.0965

Altitude, feet 528,367 527,859 -508

nautical miles 86.96 86.87 -.09

Range, nautical miles 437.4 443.3 5-9

Space-fixed velocity, feet/second 25,715 25,717 2.0

Space-fixed flight-path angle, deg -.0006 -.0004 .0002

Space-fixed heading angle, deg

east of north 77.4886 77.600_ .,_t_22

Post-posigrade ignition conditions:

Range time, seconds 307.3 312.2 4.9

min:sec 05:07.3 05:12.2

Geodetic latitude, deg north 30.4606 30.5374 .0768

Longitude, deg west 72.3605 72.2416 -.1189

Altitude,feet 528,397 527,894 -503

nautical miles 86.96 86.88 -.08

Range, nautical miles 445.2 452.3 7.1

Space-fixed velocity_ feet/second 25,736 25_738 2.0

Space-fixed flight-path angle, deg -.0035 -.0031 .0004

Space-fixed heading smgle, deg

east of norlh 77.5672 77.6915 .1243
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TABLE 4.2-1.- Concluded

I
Condition and quality Planned Actual Difference

Orbit parameters:

Perigee altitude_ statute miles 100.1 99.97 -.13

nautical miles 86.96 86.87 -.09

Apogee altitude, statute miles 166.2 166.82 .62

nautical miles 144.4 144.96 .56

Period, min:sec 88:32 88:32 0

Inclination angle, deg 32.52 32.55 .03

Maximum conditions:

Altitude, statute miles 166.2 166.82 .62

nautical miles 144.4 144.96 .56

Space-fixed velocity, feet/second 25,737.0 25,738.0 1.0

Earth-fixed velocity, feet/second 24,420.0 24,422.1 2.1

Exit acceleration, g 7-7 7.8 .10

Exit dynamic pressure, ibs/ft 2 966* 967 !.0

878**
Entry acceleration 7.6 7.5 -.1

IEntry dynamic pressure, psf 450 429 -21.0

Landing point:

Latitude, deg:min 21°07'N 19°27'N a -l°40'N

iLongitude, deg:min 68°00'W 63059 'Wa 4°Ol'W

*Based on Cape Canaveral atmosphere.

**Based on 1959 ARDC model atmosphere.

a"Actual" landing coordinates shown above were those resulting from the

trajectory integration. The retrieval point after landing was reported

as 19°30'N and 64°15'W by the recovery ship (see section 9.0).
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5.0 SPACECRAFT PERFOP&_a_NCE

The spacecraft as an entity performed adequately. Some system

anomalies were experienced, and analyses of these are discussed in

the following paragraphs. Also discussed, from an overall mission

viewpoint_ are the spacecraft systems ' general performance. Flight

data and measurements are generally not shown, other than to clarify

an analysis or present measurements of particular interest. Complete

time histories of spacecraft data, without analysis, are presented

in Part II of this report_

5.1 Spacecraft Control System

With the single exception of _fe pitch horizon scarm_er, space-

craft control system components f_lctioned normally through the

flight. The horizon scanner problem is discussed in detail in the

paragraphs below, and the analysis takes into account the astronaut's

cormments concerning orbiz attitude and attitudes prior zo retrograde.

5.1.1 System description.- The spacecraft control system is designed

to provide attitude and rate control oi the spacecraft and is capable

of operation in the following modes:

1. Automatic stabilization and control system (ASCS), with

secondary choices of orientation, orbit_ and auxiliary damping modes.

2. Fly-by-wire (FBW) system

3. Manual proportional (MP) system

4. Rate stabilization control system (RSCS)

Modes 1 and 2 employ the automatic reaction control sl,stem (RCS)

thrusters_ while modes 3 and 4 use the manual RCS thrusters. Each

reaction control system has its own fuel supply and is independent of
the other. Combinations of modes i and 3, 2 and 3_ or 2 and 4 are

available to provide "double authority" at the astronaut's discretion.

The amplifier-calibrator (Yxap Cal) eraplooed standard A-8 logic circuitry
and did not have the single-pulse insurance feature in orbit mode that

was employed in spacecraft 13 (_&-6). This insurance feature prevenzed
more than one actuation of a given thruster when the __rapCal effected

operation of that thruster. The data from the _-7 flight do not show
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any double actuations of thrusters in the orbit mode_ and therefore
the lack oz this insurance feature did not affect she control s stem

performance.

The horizon scanner system employed a standard circuivry which
reduced cotd-cloui effects.

A MANEUVER s_itch was placed in series with the O.05g switch

fuse to remove torqueing or the direction-gyro gimbals. This effect-

ively disables th_ yaw reference slaving system and pitch orbital

precession (4°/miz_) at the astronaut's discretion. This allows the

astronaut to perform spacecraft maneuvers without introducing errors

in his attitude dLsplays.

5.1.2 Flight Control Analysis.- Systems operation was normal during

this flight, with the exception oI a pitch horizon scanner malfunction
which is evident from the data as having been present before space-

craft separation from the lauded% vehicle. The pitch horizon scanner

output read !17 degree% 40 seconds after tower separation. At this
time_ the launch vehicle pitch gyro read approximatel_ -0.5 degrees

revealing an 18 degree error in scanner output. By capsule separation

the spacecraft pi;ch gyro had slaved to the pitch scanner output and

was in error by _out 20 degrees. This is sh_n in fiEure 5.1.2-1.

At various t:mes during the orbital phase_ the pitch horizon

scanner output drifted wishout apparent spacecraft motion, as was

found be%ween 00:07:20 and O0:08:30_ where an apparenv slaving rate

of 20 degrees per minute would be required to duplicate the scanner-

gyro reference shift. The nominal gyro slaving rate is 8 degrees

per minute. From known astronaut reference positions during the

orbital period_ the comparable pitch horizon scanner output was

observed to be in error by varying _mounts between _50 and -20

degree s.

During the retrofire periDd, a srajectory computation based

on radar tracking data (see section 4.2) yielded a mean pitch attitude

of -36.5 ° , whereas the maximum horizon scanner reading was -16°

(see figure 7.2.3.6-1). This comparison and that which was made during

the launch phase sre the only independent sources waich verify the

scanner bias, and these are in excellent agreement.

Further studies and tests are in progress to localize the nature
of the failure. It is believed that she malfunction can be attributed

to a random component failure, since the scanner design has previously,
been qualified.
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There were %wo indications of t:_e gyros not caging to zero during

the flight. The as%ronauv recycled <he _ro switch each time and the
gyros i_mediately caged properiy_

The ASCS orbit mode perfo_mance appeared %o be sazisfactory, but

cannot be evaluated in detail since convinuous scanner slaving was
employed. The ASCS orbit mode opera, ion can be best analyzed when she

gyros have been free for an ex%ended period of time, thereby eliminav-

lng the scanner slaving.

The orientation mode displayed a divergent oscillation at 04:26:13
when the astronaut switched to ASCS _n order zo maintain an accurate

retroavtitude_ This divergent oscillation was caused bl? the rate-

gyro spin motors not having sufficient time to r'_ up, since they were

shut down during the previous two hours of manual proportional control
system utilization. The nominal rate gyro r_a up t_r_e is 2 minutes.

5.1.3 Control System Uti!ization.- Spacecraft turnaro_td was accomplished

manually by %he astronaut_ according %o %ne flighz plan, using %ne

FBW control system. ASCS control was initiated at 00:07:i0_ By'

00:56:50, maneuvering had been conducted using all control systems and

modes of operation, and the astronaut reported thses operasions as

satisfactory. However_ the brief periods of operation involved may

have prevented %ne allot from recognizing improper attitude reference.

Manual conSro! (FBW and MP) was used extensively during the

flight. Approximately 17 minu-_s of the flight consisved of double

authority con%fol. The control system combinations utilized were

FBW with MP and ASCS with MP. It should be nosed that %he high

thrusters were actuated inadvertant!y a number of times bythe astronaut

while using the FBW control system_ It is believed shat she repeated

use of she high thrusters_ together with the use of double authority

control_ resu±ved in the unfavorable fael usage rave, which can be

seen in figure 7.2.3.7-1.

The FBW control s_stem was used to obtain and hold reensr_ attivude

during retrofire° After retrofire, zhe _ con%roi system was uvilized

until manual fuel depletion at 0_:34:00. Thereafter_ FBW convroi was

used until spacecraft oscillations began to build up during reentry,
at which time the auxiliary damping mode of ASCS was utilized '&ati!

autoi_sic fuel depletion at 04:49:58o

The spacecraft oscillations began %o diverge after automazic fuel
depletion and continued un%il manual drogue deplop. A preliminary

ana±ysis of the onhoard data indicates that %he natural frequenc_ and

damping ratios of the h_-7 spacecraft during reentry are approximate!_

as predicted, based on an analysis of zRe }i6-6 reent_ dasa.

CONFIDENTIAL



Page 5 - 4 CONFIDENTIAL

5.1.4 Reaction contrcl system.- The reaction control s_stem (RCS) was

of the standard con_iguration_ with the exception of modified thrust-

chamber assemblies. This modification essentially involved replacing

the stainless-steel fuel-distribution (Dutch weave) screens with

platinum screens and a stainless-steel fuel distribution plate_

reducing the volume of the automm_ic heat barriers and solenoids_ and

moving the fuel-metering orifice to the solenoid inlet. This change

was incorporated into the l-lb thruster assemblies _ but not the 24-1b.
Only the platinum screens were added to the 6-lb units.

Objectives of the thruster configuration change for the MA-7

mission were to eliminate the possibility of blockir_ the fuel

metering orifices with particles of Dutch weave screens, as is presumed

to have occurred on the MA-6 mission, and also to reduce the total
impulse per pulse of low thruster operation in the ASCS orbit mode.

Ground tests conducted on this new configuration indicated an approximate
reduction of 50 percent of total impulse per thruster pulse.

Heat sinks were attached to the automatic and manual roll-thruster

asserahlies in a manner similar to that employed on the MA-6 mission,

in order to reduce _ropellant feed-line temperatures.

Performance: _he astronaut's report of no malfunctions in the

reaction control system is substantiated by the onboard recorded data.

The high rates of fuel consumption appear to be consistant wlth the

frequency and duration or thruster activity. There is no evidence_

either from flight data or from postflight inspection_ of fuel leakage.

Propellant feed-line temperatures were measured during the flight

and maximum temperatures recorded are listed below:

Thruster position Temperature of Approximate

feed line_ OF Time_
hr:min

Automatic roll (clockwise) 104 03:48

Automatic roll (counterclockwise) 105 01:55

Manual roll (clockwise) 108 03:28

Manual roll (counterclockwise) 119 03:00

Automatic pitch (up) 128 03:43

Automatic pitch (down) 139 03:27

Automatic yaw (right) 142 03:34

Automatic yaw (left) 136 03:41

CONFIDEI_IAL
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An analysis of the data indicates _hat thruster impulse of the
expected magnitude was delivered whenever a thruster solenoid was

actuated. Angular velocity changes imparted mo the spacecraft by
automatic system thruster operations were nominal. Refer to table

5.1.2-1 for a history of automatic and manua! fuel usage°

During the spacecraft i8 (MA-7) thrust chamber inspection, all

assemblies appeared %o be in exceilent condition, with evidence of
a normal amount of salt water corrosion and heat discoloration.

The results of the postflighv RCS inspection are presented in table

5.1.2-2. The only noticeable conditions were the heat markings on

the pimch and yaw beam barriers_ which varied from 0.25 to 0.45 inches

long. This was not evident on the 1-pound roll heat barriers; how-

ever_ there existed a heavier discoloration and slight oxidation of

the diffuser plates in the pi%ch and y_w 1-pound thrust chambers.

Diffuser plates in the roll chambers w_re light blue in color.

The platinum screens in all chamoa_s were found to be in

excellent condition with no evidence of deterioration.

Ail automatic system solenoids were inspected and tested for

electrical actuation. The 24-pound pibch-down and yaw-right sole-

noids failed to operate with 30 VDC apviied. This is attributed

solely to postflight salt-water corrosion_ since no indication

exists that these units failed to operate during the flight. Ail

others operated properly under 18 VDC. Detailed inspection of the

1- and 6-pound solenoids revealed no apparent discrepancy_ and
poppet tips looked good in all respects. No rust was seen within

the valves; however, as was evident in a n'_ber of cases at the

outlet port_ it appears as if the voishan wastfer may _e cahsing the
ptating toe,rack at this point.

Inspection of the 24-pound solene;LdS revealed rus_ in varyin 6
degrees wi%hin the bore, mainly at the metal insert and poppet

bore lip. The inoperative valves had a heavy salt-like substance

within the bore. Inlet screens were generally clean, and the few

exceptions that were found revealed minute plastic and crystalline
particle deposit.
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T_3LE 5-1-2-1- - FUEL CONSUMPTION

Automatic system Manual system

T_me Mission phase Fuel used, Fuel remaining Fuel used, Fuel remaining
lb lb lb lb

00:00:00 Launch 0 35.0 0 24.9

00:08:00 Turnaround and 1.6 33.4 0 2k.9

damping

01:33:32 First pass 15.8 17.6 8.5 16._

03:07:04 Second pass 5.8 11.8 5.1 11.3
to retro

04:33:21 Retro to 0.05 g 5.4 6.4 10.3 1.0

04:44:44 05 g to drogue 5.0 1.4 1.0 a 0

_a:50:54 Drogue to main 1.4 a 0 ....

aFuel depletion occurred during this period.
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TABLE 5-!.2-2. - SPACECRAPI' 15 TldlTJST
__nHAMBERii,ISPECTid_

Thruster Serial number s _aspection results

Yaw right 136 Orifice spacer clean, rust sVains evil_ant on the

(l-lb) bottom side of orifice and diffuser plate. Platinum
screens in good cJndition.

Yaw left 133 Orifice spacer clean diffuser plate clear. Platinum

(l-lb) screens in good c3:,diiion.

Pitch up 73 Orifice spacer clean_ rust stains evident on both

(l-lb) sides of diffuser plate anS top side of first
screen. Platin_im screens in good condition.

Pitch down 135 Orifice spacer cl_=an, diffuser plate clear. Screens

(l-lb ) look excellent.

CCW automatic 28 Heavlf rust stains cn ail parSs_ diffuser plate and

roll (6-lb) orifice clear_ p!_xin_n, screens good.

CCW automatic 28 Rust stains evident on orifice spacer anJ diffuser

roll (l-lb) plate, diffuser plate blue in color. Platimim

screens okay.

Cig automatic 18 Very wet, orifice clean, diffuser plate blue _n

roll (6-lb) color_ screens yeti? good.

_ diffuser plate lightly6%_automatic 18 Orifice spacer clean_ no ruco_

roll (l-lb) blued on top surf_ce. Screens excellent.

CCW manual 21 Orifice and diffuser plate 21ean_ light rust stain

(ll6-1b) on platinum screen. Light. corrosion on check valve
nose piece.

CW manual 28 Corrosion on chec:ikvalve nose piece_ ,al_ like s_-o-

(!-6-lb) stance found in valve and heat barrier screen.

Orifice, diffuser plate and platinum screens in good
shape.

aThe serial number refers to a thrust ch_oer asser_b!}5 which

may contain more than one Vhruster.
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5.2 Environmental Control Sysvem

The environmental contro_ system (ECS) is designed to provide a

comfortable level of temperature and humidity in the pressure suit

and to maintain appropriate suit and cabin pressures. The composition

of the suit environment is 100_ oxygen_ and the nominal pressure level
is 5.1 psia. Control of this environment is accomplished by removing

metabolic heat, carbon dioxide and water. Replenishment of the atmos-

phere is provided from two tanks_ each containing four pounds of

gaseous oxygen stored at 7500 psig. In addition to the metabolic
requirements of the astronaut_ the ECS also removes heat from onboard

electrical equipment and supplies gas makeup for cabin overboard
leakage.

5.2.1 System description.- The ECS as installed in Spacecraft 18

represents the specification system in all respects. It differs from

the ECS of Spacecraft 13 (MA-6) in two respects. First, the constant

oxygen bleed employed in MA-6 was deleted; and therefore, oxygen was

supplied to the astronaut on demand. Secondly_ the oxygen partial
pressure was measured in the cabin instead of the suit circuit.

5.2.2 System performance.- Data for the following analysis were obtained
from both the commutated data recorded onboard and %he onboard voice

tape. The latter source was utilized for cabin and suit steam exhaust

temperatures_ excess coolant water warning light actuations, and heat-

exchanger coolant-control valve settings_ none of which are recorded.

The only ECS measurement known to be inaccurate was that of the

cabin oxygen partial pressure. Difficulty with the oxygen partial

pressure sensor had been encountered during spacecraft preparations_
and the final calibration was known to be only approxima%e.

The flight d_ta deviate from design criteria of the system only

in the performance of the cabin and suit cooling systems.
J

Although the cabin air temperature varied between 82°F and lOS°F,
it remained above lO0°F for much of the flight. The variation of

cabin temperature with time i_ plotted in figure 5.2-1. These high

temperatures_ though tolerable, are undesirable. Tests will be made

with a larger fan in the heat exchanger to determine if a significant
reduction in cabia temperatura can be realized.

The many ch_ges in the cabin comfort control vslve setting

prevent an accurate analysis of the effects of sunlight and darkness
on cabin temperatures.
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Suit inlet temperature_ suit heat exchanger steam vemFerature

and suit comfort-control-valve settings are presented in figure 5°2-2.

_hao fo'_i it dlfficalv to detect!ne theThe astronaut reporved + _ he

proper co_ort-control_valve setting which would mainvain a comforoab=e

level of suit temperature _lgure 5.2-2 shows a_ _cl_b== suit-vemper-

ature fluctuation resulting from changes in coolant water flow rate

(The coolant water flow rate 5s con_ro!!ed by the aatrenaut_s manual

adjustment of the comfort-con%roi valve),

M&-7 was the first orbital filghv from which aFproxi_ate vaiaes

for astronaut metabolic oxygen _e_u_e__ _e _ could be calcu_a%ed_ Pre-

_4, J _ounds,/hour orlaunch oxygen cons,mmption was det.e_tined io be O. _' _

261 standard cubic centimevers/minute (measured at !.4.7 _Lsia and 70°F).

During orbital f!Jght, the astronau_ metabolic consm_aption was calcu-

lated to be 0.0722 poum_ds/hour or kCS standard cubic centiPeters/minute_

These metabolic consumption rates were calcuTated from the oxygen

pressure decay rates of the primary oxygen tank after acco_atiRg for

the 60 cc/m constant bleed ordfice of the suit demand regulator. Fha

ECS design criteria for the astronaut metabolic rave was 500 scc/minute.

This was based upon oxygen usage data obtained during work of similar

difficulty under ! g° The asmronauv activity :_nder we!_ht!ess condi-

tions demonstrated that weighYiess oxygen consJmption rates are of a

similar level as those which occurrei mader 1 g_

5.2.2.1 Lamnch phase: The ECS operated properly during the laur_ch phase.

The cabin and suit pressures maintained the proper differential of

5°5 to 6.0 psi above _mbient pressure during ascent° and held at 5,8

and 5.9 psia_ respectively.

olO_ 25.2.2.2 Orbital phase} The cabin and suit pressures decreased _- .....

during the orbital phase because of a cabin ±_aKage of 1000 cc/minute_

as established before flight. The pressure decay ceased at approxi-

mately 03:00:00 at which time the cabin pressure control valve began

supplying oxygen to compensate for the cabin leakage_ The cabin

pressure was then maintained at 4.? psia. The only problems encos_atered

during %he orbital phase were _he high suit inlet and ca, in air

temperate_ _ previously described.

The 150- and 250-¥A inverter temperatures_ shown in figure 5°g_2

increased from !12°F and i28°F_ respectively_ at launch to 175°F and

186eF. respectively_ by Oh:O0:O0. The temperatures appeared to b}

stable after this time. The rate of vemperature increase appeared to

decrease after the inverter coolant-control valve was advanced from

_h_ correspondingthe number 4 to the nmmber 5 position at 03:00_38. m

change in coolant-water flow is frcm 0.50 po'ands/hour _o 0.64 pounds/
hour.

CON_iDENTT_AL
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The Coolan% Quantity Indicating System (CQIS) indicated a coolant-

water usage of 10 0 pounds_ when corrected for temperature change.

Postflight inspec_ion measured a usage of 10.23 pounds. This agreement

represents the most accurate CQIS measurements in flight to date.

Coolant usage aveFaged about 2.1 pounds/hour over a period of 4 hours

and 50 minutes_ compared with a nominal flow rate of 1.6 pounds/hour.

The secondary-oxygen supply pressure increased slightly during

the flight. This can be attributed to the increase in supply bottle

temperature_ as measured durin_ flight. Temperatures were identical

for both the prim_ry and secondary supplies_ and indicated 72°F at
launch and 86°F at landing. The decay of the secondary oxygen supply

experienced during MA-6 did nov recur during this flight.

5.2.2.3 Reentry phase: The perfonmance of the ECS during reentry was

normal. The astrcnaut opened the inflow and outflow valves manually

at 04:51:18 during descent. This placed the system in the postlanding

mode. The emergency oxygen raze commenced at this time.

The suit temperature starzed to increase sharply at a time of

approximately 04:_5:00 (figure 5.2-2)° About one hour earlier

(03:27:00), the suit comfort-control-valve setting had been advanced

to give a high coclant water flow rate° The ensuing temperature de-

crease resulted in a comfortable suit temperature leve_ until about

04:15:00_ when a fluctuation began and later the subsequent sharp

increase in suit temperature began. It is suspected that freezing
of the suit heat exchanger occurred because of a high coolant-water

flow rate for this period of an hour. This resulted in a decrease

of cooling efficiency just prior to and during the reentry phase.

5.2.3 Discussion of problems and concluding remarks.- The oxygen

consumption rate obtained from this flight is the first indication
of metabolic rate luring weighmlessness. The inflight value agrees

closely with the rate found under 1-g conditions for similar work_

and validation of the design criteria for oxygen consumption estab-

lished for the ECS was accomplished.

The h_gh cabin and suit inlet temperatures were the only problems

encountered during the flight. The inability of the cabin cooling

system to reduce the cabin air temperature below 95°F is undesirable

and raay be due to the size of the fan which delivers air vo the cabin

heat exchanger for cooling. Ir:vestigations employing a cabin fan of

larger capacity are underway.

Some dlfZlcul_y in obtaining the proper valve sevving for _he

suit_intet temperature control was experienced_ primarily because of

the lag in,suitlt_perature with control manipulations. Howevcr_ the
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high temperatures and humidity_ as reported by the astronaut_ may

have partially resulted from obstruction of the heat-exchanger

evaporative surfaces by freezing. This partial freezing would

slightly increase the evaporation pressure_ The design conditions

are for evaporation a_ 0.i psia pressure and 35© F temperature.

An increase of 0.1 psi in this design ]pressure would raise the

corresponding evaporation vemperature _o 53© F_ which in turn

significantly reduces the system capability to condense and collect

water in the suit circuit. Flight data show tha_ the suit steam-

exhaust temperature was approximately '70© F, insvead of the ex-

pected 50© F_ thus indicating that the evaporation temperature was

probably near 55© F and that partial freezing may have been ex-

perienced. The water-flow and evaporation mechanism of %he system

is presently under study, and future mission training will more

accurately define temperature convroi orocedures for the as%ronaut.

CO_!DENTIAL
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The spacecz_aft communication system aboard the MA-7 spacecraft
was identical to that contained in the MA-6 mission with one minor

exception. The VOX power switch was modified to provide a mode

whereby the ast:_onaut could record voice on the onboard tape recorder

without RF transmission to the ground stations. Switching to the

transmitting mode could be accomplished without the normal warmup

time because the transmitter was maintained in a standby condition

with the VOX power switch in the record position.

5.3.1 Voice commzmications.- bltF voice communications with the

spacecraft were satisfactory. Attempts on the part of the astronaut
zo utilize KF voice communications were unsuccessful. It is

believed that the poor H1_ reception of the spacecraft transmissions
was the result of spacecraft orientation and atmospheric conditions.

The HF transmit?er will be re-checked during scheduled postflight

testing.

5.3.2 Radar beacons.- Perfo_nance of the C- and S-band beacons was

satisfactory, although it was slightly inferior to that of the MA-6

mission. Several stations reported some countdown on both beacons

and amplitude modulation on -_he C-band beacon. The amplitude modu-

lation may have been caused by the modulation presented by the phase

shifter (wobulator) and the drifting mode of the spacecraft, giving

a poor antenna orientation. In view of these problems, both beacons
were rechecked after the mission and found to be essentially unchanged

fr_m their preflight status. Additional bench cheeks are lalanned for
these beacons.

5.3.3 Location ai_s.- Recovery forces reported that the a,_xiliary

beacon (Super S_RAH) and UHF/'DF signals were received. The super

SARAH beacon was received at a range of approximavely 250 miles.

Both the SARAH beacon and UI_f/DF were received at ranges of 50

miles from the spacecraft. The HF rescue beacon (SEA,AVE) was

apparently not received by the recovery stations. The whip antenna

used by this SEASAVE beacon _as reported by the recovery forces to

be fully extended and normal in appearance. The SEASAVE beacon was

tested after flight and found to be satisfactory_ as shown in

the following table. Investigation as zo why iZ was not received

is continuing.
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Parameter Preflight _esz Pos_flight Da si6n
(SEDR 77 ) Test Specification

Transmitter frequency ti00 _2h$ _836
Deviation_ CPS

Power Output_ watts 1.0 io0 1o0

BUS Voltage_ volts 12.0 12o0 12o0

5.3.4 Co--and receivers_- The coEmand receivers operated satisfactorily_
The discrepancies noted during the N_6-6 mission were nov evident during

this flight. It appears that increasing the low-telemeter frequency

by 500 kc eliminated the in%erference problem_ which was previously
experienced during the M3_-6 reentry blackout period_

dSEDR 77 is a simulated mission_ during which all applicable systems
are exercised.
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5.4 Electrical and Sequential System

5.4.1 Electrical system.- The spacecraft electrical system was a speci-

fication spacecrai_ system. Voltage and current profiles were similar
to the MA-6 mission and were as expected. Changes in the electrical

system from spacecraft 13 are ms follows:

1. Inverter AC voltages were monitored on the AC voltmeter

rather than by monitor lights.

2. The maxi_t_n-altitude-sensor battery was used as an auxilliary

battery for the velocity sensor after retrofire command.

3- The 24V isolated bus was monitored on the _2 position of the

DC voltmeter select switch (position was bla:ak on spacecraf% 13).

4. A switch fuse was added to the phase shifter circuit for

ON-OFF control during the special radar test.

Inverter temperatures were about llO°F on the 150-VA inverter and

125°F on the 250-VA inverter at lift-off_ and these increased gradually

throughout the mission to 175°F and 185°F_ respectively. These final

temperatures are somewhat lower than those experienced on the MA-6

mission. Inverter cooling is discussed in the Environmental Control

System section (5.2) of this report.

It was found iuring postflight tests that a number of _ases had

blown on this mission that had not blown on previous missions. This

was undoubtedly caused by sea v_ater that got into the spacecraft after

landing_ since there were no indications of any fuses_ other than

squib-firing fuses, blowing pr:icr to landing. The following is a list

that apparently bl_w as a result of sea water producing shorting paths

to ground within the spacecrafz.

1. _ergency hold centre_

2. Low-frequency telemetry

3. Instrumen:ation DC _6

4. Telemetered sequence_ 6V isolated

5- Standby inverter

6. Isolated-bus regulator

7. Main inve:?ter fans
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8. Automatic H202 Jettison

9. Phase shifter (switch fuse panel)

10. High-frequency telemetry (switch f_se panel)

Squib-circuit fuses were found blown as in previous flights.

In the retrorocket ignition cireuits_ 5 of ,6had blown, including
the _1 retrorocket switch fuse which also had a hole in the cera-

mic portion along the side. From records of current during retro-

fire, it was deduced that approximately 7 amps passed through this
fuse for 6 or 7 seconds before it blew. It is believed that this

was the source of smoke reported by the astronaut during retrofire,

since it is quite common for this type of fuse to produce smoke

when blown in this manner. It was confirmed by the astronaut during

postflight tests, where he observed two similar fuses being blown,

that these fuses produce a smoke having the same color and smell as

_hat encountered in flight at the time of retrofire.

Pos_flight inspection revealed that two of the four diodes in

the zehner diode package were badly corroded. The corroded diodes

were 14-volt zehners with their positive terminals connected through

fuses to the main and isolated buses_ respectively_ and their nega-

tive terminals connected to the positive side of the other two 14-

volt zehners, which have their negative terminals connected to cap-

sule ground. The zehner diodes, when powered under a sea water

environment, exhibit an electrolytic effect. Electrolysis occurs

between the case_ which is at a 14-volt positive potential when the

diode electrically adjacent to the bus is conducting_ and the space-

craft structure, which is at ground or zero potential. This pheno-

minon has been demonstrated in the Hangar S electrical lab.

5.4.2 Sequential system.- The sequential system for spacecraft 18
was similar to tha_ employed for spacecraft 13 (MA-6)_ but the follow-
ing modifications were incorporated:

1. The cap-sep bolt-fire relay was electrically latched in at

spacecraft separation.

2. The landing-bag deployment monitoring circuit was changed.
The limit switches were wired such that the actuation of both was

required for teleligh_ operation and teleme%ry indications.

3. The emergency retrosequence relay contacts were jumpered

so that the spacecraft was capable of accepting simultaneous retro-
fire signals from the clock and ground command.
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4. The HF transmitter/receiver was enabled at tower separation
rather than spacecraft separation.

5. The 02-qumntity light on the right hand instrument panel was
disabled.

6. The scanner slaving signal was changed from program_ned to
continuous.

I. A barostat was added inside the cabin and wired sueh that the

automatic recovery system was lot armed until the cabin pressure was

above 9.62 psia on descent (approximately 11_000 feet).

$. The emergency drogue ceploy switch was wired such that the

periscope would extenl and the snorkel door blow-elf squibs would
ignite when the switch was activated.

Sequential sy3tem performance was as exloec%ed throughout the

mission with the fallowing exc__pvions:

1. Retrofire had to be accomplished manually Zecause there was

no attitude perm_ission from ASCS. The astronaut reported a 1 to 2

second delay betwe_=n pushing tile retrofire switch and _i retrorocket

ignition. (Inboard records indicate tha_ retrofire occurred 3.2

seconds after the 2lock gave the ignition signal_ but there is no

indication of any malfunction Jn the retrorocket system after retro

_1 ignition. Postflight tests of the retrosequence circuitry indi-

cate that the syst_=m still functions normally. At present there is

no explanation for the reportec: 1 to 2 secena delay.

2. The main oarachute was deployed manually by the asmronaut.

This action resuitsd because s' the cabin pressure lagging static
pressure as expect_=d. This is discussed with more detail in _he

Mechanical Systems Section (5._) of this report. Postflight checks
indicated that the automatic s3.svem did function d_ring the descent

phase_ although it was someti_m_ after main parachute deployment_ and
the exact time canao_ be doZen'Lined. The automatic recovery-sequence

system functioned properly iurzng postflight tests.

3. The onboaFd tape recorder and other telemetPy components

apparently did not lose input lower at landing plus _0 minutes as

planned. Upon initial power-u_ when the spacecraft was returned to

Hangar S, it was fDund that a _hort existed between the 2 pre-impact

buses, which suppllF power to tc!emetr}5 and the spacecraft main DC

bus. After the sp_cecrafv was dried in the altitude chamber_ it was
found that the short no longer existed. It is felt that sea water

either got into one of the fuse blocks which contain the three
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buses mentioned above or one of the instrumentation packages and

shorted the three buses together, dis would explain the fact that

the pre-impact buses remained powe_ed.
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5°5 Mechanical and Rocket Systems

Some anomolies occurred in the mechanical systems_ although

no serious or dangerous conditions resulted. These anomolies_

along with general_ systems description and performance_ are dis-
cussed in the following paragraphs.

5.5.1 Recovery se_lence.- The r_covery sequence system was modified
by adding a control haroswitch in the circuit to disarm the re-

covery system at altitudes above I1_270 feet. The recovery sequence
as flown is shown in Figure 5.P.l-1.

5.5.2 Parachutes.- The performance of the drogue and main parachutes

upon deployment was satisfactory. Since neither parachute was re-

covered_ a detailed possfligh% visual inspection could nov be made.

Observation by thc astronaut v,_rified that both parachutes were de-

ployed cleanly ant were undamaged during descent. The anomolies

encountered with the parachute system can generally be attributed

to the changes in the recovery se%uenceo %_e drogue parachute was

manually deployed at a static }ressure of 5.35 psia_ which corres-

ponds to a pressuze altitude o:f 2h_650 fee%. A manual deployment

of the drogue at an altitude of about 21_000 fees was vlanned for

this mission. Thc deployment aititud% however_ was left to the
astronaut's discrction_ and he could have chosen an automatic de-

ployment at approximately I0_000 feet_

The main parachute was to be deployed manually a% abou_
10_OOO feet if the astrenaet close_ oF automatically at a slightly

lower altitude if the astronaut chose to wait for automatic deploy-
ment. The data show that the {_ontrol _aroswiteh_ which senses

cabin pressur% would have eff_cted main parachute deployment at a
pressure altitude of approxima_ely 8290 feet° The astronaut chose

the manual procedure and deployed she parachute at a pressure alti-
tude of 8950 feet_

5.5.3 Rockets and p_otecPm_ics°_- A postfli6ht examination of the

spacecraft and an analysis of the pertinent data indicate that all

rockets and pyrotechnics apparently functioned normally. Daring
retroroeke% firing_ the astronaut felt that the deceleration was

somewhat less than expected. !)e%ailed trajectory analysis_ however_

indicates that %he retrorocket performance was within specification
values_ as discuss2d in seeticrL _o0_

It cannot be lesermined whether certain pyrotechnics actually

fired (such as redmndan% clamp ring bolts and tower-jettison rocket

ignition)_ since tee available information shows only shat the
resulting function was satisfactory.
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5.5.4 Explosive-actuated hatch.- The spacecraft explosive-actuated

side hatch was unbolted after the spacecraft was placed onboard the

recovery ship. The side hatch was not used for astronaut egress,
and postflight visual examination shows the hatch to be in excellent
condition.

5.5.5 Landin8 shock attenuation system.-

5.5.5.1 Landing bag: The system was unaltered from the MA-6 configura-
tion_ with the exception that the instrumentation limit switches

were re-wired for improved reliability. The landing-attenuation

system performed normally, as evidenced by the astronaut's statements

and from postflight examinations. The rescue personnel, who para-

chuted into the landing area_ examined the landing bag in the water

and reported the bag to be in good shape. However_ when the space-

craft was hoisted aboard ship, it was found that most or. all of the

straps were broken and the bag was extensively damaged (see figure

10.1.3-1). This damage may have been caused by wave action while

the spacecraft was supported by the flotation collar prior to recovary.

All restraining cables and the large pressure bulkhead appeared to be

intact; however_ a cable-restraining spring had been lost.

5.5.5.2 Ablation shield and main pressure bulkhead: The ablation shield

appeared intact, excep_ for a lost center plug, and the usual minor

damage occurred to the ablation-shield retaining studs and to the

bulkhead protective shield. Although a small air leak was found at

a thermocouple lead through the main pressure butkhead_ the bulkhead

did not experience any_ visible damage. Small areas of protective

honeycomb were slightly crushed and minor deformation of small tubing
was experienced, as in previous missions.

5.5.6 Flotation.- The astronaut reported that the spacecraft did not
right itself acceptably after landing. He also stated that it was

listing in the pitch-down_ yaw-left quadrant at an angle estimated

_o be about 60 ° from vertical. Although no photographs are available

of the spacecraft before the astronaut egressed, pictures taken after

egress show approximately a 45© - 50° list angle. However, iv is not

known how much water was in the spacecraft cabin when these photographs

were taken. The center of gravity (CG) for the MA- 7 flotation configur-
ation was at Z = 120.03 inches, which is a corrected calculation to

include the loss of the ablation shield center plug and _he measured

ablation weight loss. The CG was offset from the axis of symmetry by
0.40 inches; these values are in substantial agreement with those for

the MA-6 flotation configuration, which were 119.78 and 0.37 inches,

respectively. The list angle for previous missions has been reported

as approximately 15© - 25© from the vertical. By timing audible events
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on the onboard ta[e_ it appears that zhe astronaut initiated his _ost-

landing checklist immediately _nd had already be_n to egress by four

minutes after landings Water stability data, from tests conducted by

the Recovery Branch of the Flight rmperations Division_ indicates that
the above CG could, have caused the spacecraft to take some 3 or 4

minutes to stabilize in an uprlghz position if the astronaut had re-

mained in the couch. Since thc astronaut was apparently moving around

in preparation for egressing d_ring this szasiiization period, his

weight may have nullified any restoring moment that existed. Many un-
known factors can influence tb_ spacecraft erection time, including

air trapped in thc landing bag, insulation-b!an_et soaking, and the

manner in which the reserve parachute is jettisoned, Considering

these unaccountable effects an! the fact that they cannot be duplicated

in a controlled f]otation test_ the actual list angle is indeterminate.

Therefore_ the eor clusion must be drawn that_ after taking into
account the astrorauz's ir_nediate egress_ the higher center of gravity_

and a number of possible minor factors; the spacecraft did nov have
sufficient time t¢, erect itsel' before the absence of the astronaut

changed the equilJbri_mm list angle. This equi!ibri_ angle, based on

the unoccupied spacecraft CG_ _oul_ well have been close vo the astro-
naut's estimate and is in reasonable agreement with the postflight

photograph.

5.5.7 Water in s_acecraft cabin_- After spacecraft recovery_ approxi-

mately 65 gallons o_ salt wazer were removed from the cabin and an

estimated !0 gallons remained in inaccessible places. _ne astronaut

reported that a few __r,ops of water splashed on the vape recorder at

the time of landing, which cam zrobabiy be attributed to water coming

in through the c_,in pressure-relief valve. Astronaut comments and

postflight examinations reveal that this valve _as not placed in the

locked position, [_e surge o= _azer which entered the recovery section

of the spacecraft upon landing _ay have baa enough velocity head to

briefly overcome the valve:s negative-pressure-relief setting (approxi-

mamely 16" of water) and spray through onto the recorder. This valve

is located almost directly ove_ the tape recorder instaliation_ as

shown in figure 5.5_7-1_

The small amounz of waver %hat could have ccme in through this

cabin pressure-relief va!ve_ J}zwever_ woula he negligible compared
to the total amount found in _ne spacecraft, cabin_ Postflight tests

show the cabin leak rave to be abou% 2670 cc of air per minu%% which

is an increase of 1670 over the preiaunch value of i000 cc per minute.

A leak was detected in the large pressure bu_{head around a thermo-

couple conneetor_ however, thi_ leak is nos large enough to account
for much over 15 percent of %he total, The astronaut svased tha_ he

heard some water enter through the opening left by the removal of the

small pressure bul_khead, hut aid not believe %hat this amounted 5o
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much more than a few gallons. Although the spacecraft was listing_

it was not listing enough for the _ecovery section to be in the water.

It is probable that the water entered through the small pressure

bulkhead opening during the egress and vhe period when vhe astronaut

was using the capsule for support vo turn the liferaft over. This

water could have entered through the shingles to the recovery section

and would not necessarily been noticed by the astronaut whose atten-

tion was otherwise occupied.
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5.6 Reentry Heating

5.6.1 Heat shield.- The performance of the heat shield (see figure

10.1.2-1) during reentry was satisfacvory_ The center plug was
lost_ but a pos_flight investigation revealed that this occurred

after major heaving. The area under the plug showed no evidence

of charring or excessive heatiag. 0vherwise, the shield suffered

only normal cracking and displayed the usual glass droplet streaks.

The stagnation point appears ts have seen approximately in the
center of the shield.

Two temperat_re pickups w_re recorded. One was located in

the center of the shield and vae other 27 inches from the center.

Temperature-time histories are given in Part II of _his report.

The maximum temperatures experienced are in agreement wi_h _re-

dicted values. Maximum heat-shield temperatures for this and pre-

vious flights are presented in figure 5.6.1-1_

_ne heating _ppeared to b._ _niform over the shield, as is
sho_ by 8 core ss_ples taken at various locations in the shield.

Visual char depth varied from 0.3 to 0.35 inches. This compares
very closely wi_h the M_&-5 and MA-6 measurements. No reduction in
overall thickness was osserved.

The measured weight loss of 13.1 pounds was slightly more

than the expected loss of 11 pounds_ but is still within _he limits

of measurement and calculation accuracy° This value is greater

than that resultkg from previous flights J however, the possibility

that previous shields were not completely dry when weighed might

have contributed to their lowe__ weight loss. I%_is is especially
probable for the NA-4 and MA-_ spacecraft ablation shields.

Approximate eaicula_ions show 5nat the slightly more shallow reentry
for this flight would not have resulted in a significant increase in

the ablation loss compared to a nominal reentry.

5.6.2 Afterbody.- The shingles on %he conical-cylindrical afverbody
show no evidence cf adverse heaving effects. Temperatures measured

on these shingles are also presented _n Part II.

5.6.3 Pnite paint _atch.- _ne greatest heaving effects experienced

by ahe white patch (sho_ in f_gure !©.1-!_ upper left of spacecraft)

are when it is oriented towards the sun, and since the spacecraft

was never positioned in this manner for an extended period, only a

trend in the dave can be deriw_d. Apparently the spacecrafm was

rolled several times_ which placed the patch toward the s_n for
brief periods_ and during _hese periods the differential was -40°F

between the hatch and an oxidixed shingle° Just after 0.05 g_ the

white patch experienced a sudd_n drop in temperature. No explanation
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for this is available at the present time. During the prir_ry

reentry heating phase_ the patch temperature differential increased
to +lSO°F. This is expected and is attributed to the decreasing

emissivity of the white paint with increasing temperature.

5.6.4 Green-glow effect.- The astronaut reported a green glow around
the recovery section during reentry. No explanation for the cause
of this is available. Inspection of the beryllium shingles indicates

nothing abnormal in this area; these shingles have about the s_me

appearance as those of previous spacecraft. Beryllium shingles with

black paint have been heated in tests to temperatures as high as

2000°F without exhibiting the green glow. However_ it is possible
that since these tests were conduaved using Quartz lamps, this intense

lighting condition might have precluded recognition of this phenomena

if it were present.
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5.7 Scienlific Experiments

5.7.1 Tethered inflatable ballJon_- This experiment was designed to

provide orbital observations of nearsy objects of varying surface

finishes and to measure she drag of aflobject of kno_i aerodynamic

characteristics z_n a region of free molecular flow_ Balloon drag

could then be re__a_ed so atmospheric density and thus provide a

density profile over she altitude r_age encompassed during the Mercury

orbit. It was also intended to obtain qualitative informs%ion on the

capability of the astronaut t2 estimate separation distance between

she spacecraft and an object sf kno_:i size and shape in space. The

visual portion of the experiment was to evaluate the relative meriZ
of various color_ and surface finishes for optimum visibility in a

space enviror_ent a_ varying _anges_ Additional objectives of this

test included ob_e_wations of the general stability qlalities and

damping characteristics of the tethered balloon_ The appearance_

brightness and behavior of s_!! diffuse refiecting discs were _o be

observed to provide a compari;_on with other foreign parsicles in

space where apprcpriate_

Description of rest: Th_ rest device consisted of a shirty-

inch diameser_ inflatable bai_oon faericased from a two-ply my!ar_
aluminum foil material, each ply being one-half mi! i_! thickness.

The balloon surface was di_ridem into five e_ual-sizad lunes of differ-
ent colors and surface finish, These finishes were uncolored a_iqci-

nasa foil_ yellow fluorescens i)ay-Olo_ orange fl_orescent D_y-©lo, f!a%
white finish_ and a phobphorescent coating (see figure 5.7.1-1). The

balloon and infia_ing bottle ,_ere packaged in a cylindrical container

located in the antenna cannis-er l_ider the destabilizer flap.

The balloon _nd inflatio: bottle wei6hed approximately 0.5

po-_ds and the entire insta!!_ion inc!udzng inssr'_mentation weighed

approximately fiv_ pouP_ds:

The balloon _as deployed in orbit a% 0!._38;00 by firing an

actuasing squib_ A small comi:ressed spring then ejected the balloon

and an inflation }o%t!e from the convainer_ along with two balsa

block liners and 5he mylar discs. The balsa blocks were semi-cylin-

derical in shape and abouz 6 iaches long and 3 inches wide. Thel_

were coated Day-Glo oraa6e aaa black _Id Day-Glo yellow and black_

respectively. These my_a -_discs _Jere coe_sd with a_minum foil on

one side and a diffuse reflecting material on she osher_ The balloon

was tethered to the capsule sy a 6-ib test nylon line i00 feet in

length which was deployed fro_ a spinning reel. When the _a!lon had

been fully depioyed: the line was ensire!y stripped from the reel

but remained astached so a smell szrain gage mounted in she bottom

of the balloon co_tal_er_ Continuous strain gage measurements were
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to be recorded onboard %he spacecraft until mhe drag test was completed.

The balloon was %hen to be jettisoned a_uslthe rate and distance of

separation between the spacecraft and balloon were to se estimated by
the astronaut.

However_ the sailoon did not inflame comeletely a_ld it did not

jettison. Therefore_ drag measurements and rate and distance of

separation of the balloon from the spacecraft were not obtained.

Results: At balloon depi%_en_, t_'_eastronaut reported seeing

the m_/!ar discs spread out and quickly disappear. His first impression
was that the balloon nad broken free from the spacecraft; r_owever, the

object he was tracking was one of the balsa blocks. He observed this
block for about 20 seconds_ at which time the balloon came into view_

and was only partially inflated.

These observations were verified by _ictures taken 'cy %he astro-

naut. During the towed phase_ the fol!ov;ing results were obtained
from astronaut osservations_ photographs, and the onboard data tape'

1. Pilot eorrr_entsineicaved {hat dep!o}_ent occurred with the

spacecraft near 0°-0°-0 © attitude. Ti:ese attitudes cannot be

confirmed by onboard instrumentatlon_ since the gyros were caged at
this time. Attitude rates were noted in ali three axes duping

and after deployment_ but the effect of these ¢s_0s_ov_be conclusively
determine d.

2. %_ne strain gage instrumentation and the squib-firing system

appeared to work well_ Strain-gage calibrations also checked well

with previous ground checks.

3. The onbcard tape indicated that in-a_ud-out oscillations
occurred following deployment and spacecraft attitude changes.

T?_ese oscillations developed because of the inherent elasticity of

the balloon and nylon line. However, an annealied aiumin_w foil

shock absorber was included in the ejected system to absorb most of

the residual energy cf the ejected balloon (see figure !). Ground
simulation v,ests showed that about 90 percent of the energy imparted

to the balloon during deplo}sr_entwas absorbed.

4. Pilot co_r_ents and flight photographs showed _hat the balloon

shape tended to be irregular and 3b!ong_ and appeared to be about 6
to 8 inches in cross section,
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5. Astronaut comments described the balloon motion as being

completely random in nature. These random motions may have been
caused by large c_lges in spa,cecraf_ attitude which occurred after

deplo_ent. Howe_er_ aneven s.erodyn_mic loads which likely existed

on _he irregular 'balloon shape would also be expected to contribute

to this random mo'3ion. Onboa_a co_.ents by the astronaut did

indicate_ however, that durin_ the portion of both the second and

third orbital pas_when dyn_ric pressure was increasing_ salioon
motions %ended to become more stable.

6. Approxi_teiy 35 min d%es after balloon deplo}.lnent_ The

astronaut initiated a series cf large control maneuvers to check

the spacecraft control system. The strain gage measurements indicated

that fouling of the tethering line occurrei during chis period.

Th_is conclusion is further sub.star_rioted by %he fact that subsequent
large spacecraft maneuvers were not registerea on the smrain gage
system.

7. At appro;ci_zely 03;__:00_ t':leastronaut attempted balloon

jettison, but the balloon die not release from the spacecraft.

However, the onboard strain gage recording indicated a dro_ in gage

output from the i(_vel it had _eld since probable fouling to the

output level of the unloaded gage. Although this drop constituted

a ,change of only [!to 3_o in gase output, i% does provide a positive

indication that the _evtison stud's fired ar_d that tr_e tethering
line was severed.

8. Only the Day-Glo oraszge and the uncoated alumin:_l foil

were visible to the astronau%_ as_d these were the only colors %hat

a_peared in the photograp±s. Y:erefor% an effective evaluation

of the colors cou-_d not be mad_ on %his flight.

S_nmary: Analysis of the experimenzal results indicates that

the balloon dep!o}ment_ jettis3n, and the instrumentation systems
functioned satisfactorily during flight. Since the balloon failed

to inflate proper]y at dep!%c_;}nt, no useful drag and visual ocservat!on

data were obtained. High rateo of change in spacecraft attimude

after balloon deployment, as w_l! as the irregulas' shape of %ne

parvia!ly inflatec balloon, probably accounted for the r_dom motion

of the balloon observed luring flight. Effective evaiuaticn of the

various colors was not possibl_ since only part of the balloon
was exposed.
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Capsule separation occurred at 00:05:12.8 after lift-off. The

liquid in the sphere was firs_ observed to move at 00:05:14 and the

capillary appeared to be compketely filled at 00:0p:26. During the

spacecraft turnaround maneuver_ the liquid remained in the capillary.

Iv is difficult to read the clock on the fiLm_ although the miniscus

can be seen in tko capillary during the daylight portions of the

f_ight_ At no t_me did iL appear _hat the capillary miniscus was
lose because of attitude control operations.

Retrofire was conducted from 4:33:09o6 to 4:}3:31.6, wi_h

the capillary emptying at 4:35_13 _ader .35 g acce_era_iono The

liquid began to _efill the capillary at 4:33:39 and appeared to have

completed this at 4:33:51o The capillary emptied ay h:45:53 during

the reentry phase_ which was after the 0.5-g point. The accuraca of

_he onboard accelerometer is _ot enough to obtain the g-loading that

caused the collapse of the mi_iiscus.

Maximum angular acceleration of .0!l-g on pi_ch, .0055-g in _aw,

and .0033-g in roll during u%_iization of the reaction control system

was experienced during the fl ghto Although the miniscus appeared

to move slightly under these _ngu!ar accelerations, the level of %he

miniscus to the standpipe appeared to remain us.changed. The astro-

naut visually observed the experiment at 3:19:_3 hours, and he con-
firmed _hat the miniscus completely filled %he standpipe and that no

oscillations of or bubbles in _ne liquid were evident.

Results and conclusions_ The _esults of the experiment fully

confirm classical capillary-action %heory and se_re to comp!emenv the

results of the Lewis Research Center drop-tower tes%s_

The ability sf %he capillary to maintain a stable fluid position

daring angular accelerations _mposed by the reaction con%roi system

indicates that this method of ullage convro_ is valid within the

loading range invslved. The _esults obtained during this experiment

will be extrapolated %o other liquids_ particularly propellants, in

accordance with the general l_ws governing each specific fluid,

namely the surfac_ 5ension_ fleid temperature, and the capillary tube
diameter. Despit_ the poor f_h_ da_a qua!it2 resui_ing from salt-

water effects, %h_ results of the zero-gravity experiment have en-

hanced and extended our knowi{dge of liquid behavior in a weightless
environment.

5.7.3. Photographic studies.-

5.7.3.1 Horizon defi:_i%ion: As part of 5he p_ogram %o develop navigational

procedures for the Apo=lo spac:ecraf%_ Pa%arson at the Massachusetts
Institute of Teck_olo_; has requested that photographs be taken of %he
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daylight horizon _hrough a dual Blue and Red filvero it is desired

vo obtain definition of the earth-horizon limb for application to

spacecraft navigation system design. Eastman SO 130 fil_m was used
for this purpose° This film was in_ended to provide a measure of _he

intensity of light scattering as a f_ction of wavelength and aiti-
rude. The pilot e×_osed 26 f_meS of useable quality, with some losses

during film change_ One of these photographs is ii±ustrated in

fi_ua_e _.7_jol-_. A photometer analysis of the photographs is _nder-

way at MIT, and results pertinent to the Apollo mission are expected soon.

5°7.3.2 Meteorological_ The Meteorological Sa_el!i_e Laborator_ of the

U. S. Weather Bureau re_aested that the pilot take photographs using

Tri-X and infra-red sensitive fi_m _hrough a five filter ar_it_ The

purpose of _his e×_eriment was vo octain information on the best

wavelengths for meteorological satellite photograph_o The fii_ and

filter were taken aboard the spacecraft by the pilot_ but time did

not permit completion of the experiment°

5.7.3.3 General color photography_ Thirty feet of Eastman color nega-
tive film was provided for the pilo_ vo _ake color f?ms of mhe s_lit

earth with the 35-_a hand-held camera described in Section 7o2_

Photographs of the booster and balloon were taken to verify _he

astronaut's observations and provide infoz_nation for simulation

s_udies_ Fourteen pictures were taken of the partiali_ inflated

balloon_ and fifteen frames of _he !a_ch vehicle were exposed.

Pho_ographs of African and North Y_merican land masses were desired

by Paul D. Lov_an of the Theoretical Division of Goddard Space Flight

Con,crc These were requested to build up a catalogue of photographs

of various physiographic features of the earth to be used as reference

mater_al for studies of other planetary surfaces and for detection of

meteorite impac_ features on the earth_ The pilot took 13 fr_£es

showing the African land mass_ and these were sent to Lo_an for analysis.

Photographs of cloud fo_ations are to be used by scientists of

_he U. S. Weather Bureau Me_eorologicai Satellite Laboratory in s_udies
of weather fo__nations and for comparison with Tiros data_ Ninety-si×

pho_ographs showing cloud formations were obtained. Most of these
were clear and revealed interestil_g cloud pavvernso These are being

forwarded to the U. S. Weather Bureau for anaiysis_

Theoretical calculations indicate that the su__ should appear

flattened just before setting and just after rising° Photographs of
_he sun at th_s time were desired by John O'Keefe of the Theoretical
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Physics Division sf the Godda_d Space Fligh_ Center. The pilot made

two excellent photographs of _,he sum.am the horizon; and these are
being forwarded ts Goddard for evaluation°

The color layers at the horizon at sum,set may provide informa-

tion as to the !i_ht _ransfuslon characteristics of the upper layer

of the atmosphere° John O'Keefe of Ooddard has requested these

photographs for tais purpose; and the pilot obtained 18 pho_ographs
of the suriset hor[zon_

Photographs were desired in order to derive information on %he

size_ brightness_ and speed of motion of the particles which Glenn

reported. The pilot exposed !9 frames in an attempt to photograph
these particles. He appears to have been successful ia at least

two frames° Sevez?al frames appear to have the particles but they are
not in focus.

5.7.4 Air-glow layer obse_watio,_so_ Daring the third orbital pass, the
pilot made a series of observamions on a luminous band visible around

the horizon at nigh_ which wes also reported by astronaut_ John Glenn.

The most decisive observation was made with an air-glow filter

supplied by Mr. Lawrence Dur2_eLman of the Ged4ard Space Plight Center.

The filter transm:_ts a narrow oand of wavelengths_ approximately 11
Angstrom us_its wide at the half power point arid centered at the wave-

length of the strongest radiation of tee night airg!ow (5577 Angstrom).

Calculation based on the pilot's observation tha_ Phecda Ursae

Majoris (magnitude 2°5) was lost to sight a_ the brightest part of

the layer indicates that it is about p0 times as bright as a white
surface illuminated by moonlignto

From star observations re?orted on the onboard tape; the densest

part of the 5577 layer can be zalculamed to be ay a height of 89 kilo-
meters; which is in good agreement with rocket measurements.

The pilot did not note an>_ structures_ either ver_ica! or hori-

zontal_ in this layer° He did not attempt to observe it ce:zpletely
around the horizor.

A remarkable feature of fils observation, is vne discreoancy be-
tween the pilot's eye estimate_ of 8°-10 © in altitude above-the hori-

zon and the results of ti!ned s_ar observations on the other. The

latter indicates s!ti%udes of 70-3o_ It appears that there is a

strong illusion that exaggerates angles near the horizon_ since
astronaut Glenn also reported 7°-8© as the height of the luminous

band. This phenomenon is perh-_?s coraparable to the well-known

illusion which makes the moon eem larger near the norizon.
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5.7.5 Ground-flare visibility experiment.- The major objectives of

vhis experimen% were %o devermine the capability of the astronaut

to observe a ground light of high in%ensity while in orbit and to

evaluate visibility from the spacecraf% at various ranges and slant

angles through the atmosphere. This experiment was also intended

to provide a quantitative measure of a%mospheric attenuation of
light.

5.7.5.1 Description of the experiIaent: The experiment was conducted
using two items of equipment. The first of these items was a group

of one-million-candlepower flares iocaved near the Woomera tracking

station. A total of ten flares were to be used, four during the

first orbital pass and three during each succeeding pass. Each

flare had a burning tirae of approximately one and one-half minutes.

These flares were scheduled to be ignited in series approximately

sixty seconds apart_ with the first f-a_e i__ition occuring near

the eoint of closest approach of vhe spacecraft to the station. The

second item of equipment to be used inflighv consisted of a photo-

meter 4" in diameter, %" thick and 4._ oz. in weight. The photometer
filter varied from 0.i neutral densi%y (20.4_ light reduction) to

3.8 neutral density (99.9_ light reduction)°

--7-5 o2 Results: On the first pass over Austraiia_ four flares were

ignited simultaneously. However_ because of the extensive cloud

cover (approximately eight-tenths at ]000 feet), the flares were not

visible to the asvronaut. Therefore, the experimen% was discontinued
for the remainder of the mission and no results were obtained.
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