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WOTICE

LIFT-OFF TIME {2-INCH MOTION) FOR THE MA-7 FLIGHT
WAS O7:45:16.57 EST. .RANGE ZERO TIME WAS ESTABLISHED
AS OT7:45:16.00 BEST. ALL TIMES REFERRED TO IN THIS
REPORT ARE IN ELAPSED TIME IN HRS:MIN:SEC FROM RANGE

ZFRC UNLESS OTHERWISE NOTED..

THE MA-7 POSTLAUNCE MEMORANDUM REPORT IS IN 2 PARTS,
UNDER SEPARATE COVERS, AS FOLLOWS:

PART I - MISSICON ANALYSTS.- THIS PART CONTAINS

AN COVERALL ANALYSIS OF THE MISSICN AND PRESENTS A

MINIMUM OF DATA.

PART IT - DATA.- THIS PART CONTATNS COMPLETE

TIME HISTORIES CF SPACECRAFT DATA, WITHOUT ANALYSIS.
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1.¢C INTRODUCTION

The second manned orbital flight in Project Mercury was
successfully made on May 24, 1962, from the Cape Canaveral Missile
Test Center. Astronaut M. Scott Carpenter, shown in figures 1.0-1
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. All objectives were
successfully achieved.

A preliminary analysis of the significant data has been made,
and the important findings are presenied in this report. Brief de-
scriptions of the mission, the spacecraft, and the launch vehicle
precede the performance analysis and supporting data. All 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-T7 time history data.
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2.0 MISSION SUMMARY

The MA-T 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 lasunch area. A low-
level fog and smoke condition precluded required optical coverage at
the planned launch time of T7:00 AM, e.s.t. Lift-off occurred approxi-
mately at T:45 AM, e.s.t., on May 2L, 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 .000L degrees and 2.0 ft/sec, respectively. The perigee
and apogee of the orbit differed from the nominal values of 86.96 and
1444 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-cirecuit
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-retrc 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
dats 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.

CCONFIDENTIAL
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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 blackcut. 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 osecillations.

After landing, the pilot immediately began the normal 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
arcund the spacecraft to provide additional buoyancy. An HSS5-2
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.

CONFIDENTIAL
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3.0 LIFT-OFF CONFIGURATION DESCRIFTION

A photograph of the lift-off configuration consisting of space-
craft and launch vehicle is shown in figure 3.0-1.

3.1 BSpacecraft Description

Spacecraft number 18 (shown in figure 3.1-1) was employed in the
MA-T7 orbital mission, and figure 3.1-2 displays the reference axis sys-
tem employed. This spacecraft was essentially identical to Spacecraft
number 13 used on the MA-6 flight. However, some of the more signifi-
cant features and modifications between the two ars 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. Ilater the transducer was put back in the cabin,
but the oxygen-quantity telelight remainesd deletad.

3. The earth-path indicator and oxygen partial-pressure indicator
were deleted, since they were not necessary to accomplish the mission.

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

5. The coclant-guantity and humidity indicators were deleted as
unnecessary after an analysis of their performance histories.

6. The instrument-observer camera was removed because the data
from this sourte is no “longer considered essertial.  The pillot-observer

camera, using a mirror, performs a part of this function.

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

8. A zero-gravity experiment was carried to obtain data on fluid
behavior within a specific envelope configuration while weightless.

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

10. A low-level commutator was add=d to the temperature survey
circuit and recorded directly to the onboard tape.

CONFIDENTTAL
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11. The low-frequency-telemetry center frequency was raised
500 ke, from 225.7 me to 226.2 me, to eliminate the RE interference which
occurrred on the MA-6 flight.

12. The suit—circult constant-bleed crifice 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 vaw 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 va ve was deleted from the inverter cold-plate water
cooling system, since a stuck valve could cause high inverter témperatures.

17. The l/h-g re_.ay 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 inverteds
(2) The reef-ng-cutter lanyards were relocated to the canopy.

(3) The reef:ng line was changed from a 750-pound test to 1,000-
pound test line.

(L) The deployment bag was strengthened.

The weight and balance data recorded 1mmed1ately prior to flight for
the MA-T spacecraft are summarized bYelow.

Spacecraft 18 Weight and Balance Summary

. Normal

Parameter Launch Orbit Re-entry Main Chute ZFlotation
Weight in Pounds hokh 09  297h.56  2663.36 2557.70 2407.83
Center of Gravity 2 168.40 121.45 125.10 122.51 119.89
X -.07 -.10 -.10 -.09 -.ho

Station in Inches Y .02 -.01 .00 .03 .05
Moments of Inertia I, 35460  288.90  272.10 268.50 262.80
o I, T709.50 646.30 562.20 Lhs 60 376.10

Slugs - Ft I, 7720, 70 658.80 575.30 458.90 389.00
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3.2 Launch Vehicle Description

The MA-T launch vehicle, the Atlas 107-D, was an Atlas Series-D
missile modified for the mission as on rrevious 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, thisg vehicle configuration did not
differ from the launch vehicle {109-D) utilized for the MA-6 mission
in any major respect.

The following is a configuration ccomparison summary of minor
changes from Mercury-Atlas 109-D to 107-D.

Class I changes added:

1., Staging time was reduced from 131.3 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.
L, LOX-tank pressure regulator operating range changed.

5. BServec stabilization provision to eliminate need for special
selection of booster engine hydraulic actuators.

6. Propellant utilization telemetry-signal conditioning
changed.

T. DBooster engine main-oxidizer-valve material changed
from aluninum 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.

1C¢. The head-suppression and propellant-utilization sclenoid

valves were modified by reversing the electrical-mechani-
cal position stops in an effort to improve reliability.
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MA-7 Launch configuration at lift-off.

Figure 3.0-1.-
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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.

Pitch

Pitch is defined as the rotation of the spacecraft
about its X-axis. The pitch angle is zero degrees
(0°) when the Z~axis lies in a horizontal plane.
Using the astronaut's right side as a reference,
positive pitch is achieved by counterclockwise
rotation from the zero degree (0°) plane. The
rate of this rotation is the spacecraft pitch

rate and is positive in the direction shown.

Yaw

Yaw is defined as the rotation of the spacecraft
about its Y-axis. Clockwise rotation of the space-
craft when viewed from above the astronaut, is
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 Tlight).
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.-

Roll

Roll is defined as the rotation of the spacecraft
about its Z-axis, Clockwilse rotation of the space-
craft, as viewed from behind the astronaut, is
ealled right roll and is defined as positive (+).
When the X-axis of the spacecraft lies in a hori-
zontal plane, the roll angle is zerc degrees (0°).

Accelerometer Polarity with Respect to Gravity
With the spacecraft in the launch position, the
Zeaxis will be perpendicular to the earth's

surface and the Z-axis accelerometer will read
+l “G“

MA-7 Axis diagram
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Aerodynamic
spike

Escape rocket |

Tower jettison
rocket

Escape tower

Antenna fairing

Spacecraft

Spacecraft
adapter (ref)

Retrorocket and
posigrade rockets

Atlas "D" missile

Figure 3.2-1.- Sketch showing general configuration.
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L.0 EVENTS, TRAJECTORY, AND GUIDANCE

L.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 L4.2-3, 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.

Pacility Time, Min:Sec
Cape Canaveral FPS-16 0 tc 00:39
AZUSA MK IT 00:39 to 01:13
GE-Burroughs Cl: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 tc the start of retrofire at the end of
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the third pass yielded the calculated orbit. These integrated values
were in excellent agreement with the guldance-system measured values
at orbital insertion. They were alsc 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 porticn of the trajectory, shown in figure Y,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 yislded the reentry trajectory. This included the
assumptions that the drogue parachute deployed at OL:50:54 and the
main parachute deployed at OL: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 accelerometer. In addition, the time of .05 g from the
integrated reentry trajectory and from spacecraft onboard measurements
agree within one s=cond. This agreement serves to verify the validity
of the integrated reentry position 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 attituds, late retrofire, and a slightly lower (approximate—
1y 3%) than nominal retrorocket performance.

Use of measurad capsule attitudes, which were given by both
scanner and gyro data in integrated trajectory calculations resulted
in landing points spproximately 400 nautical miles downrange of the
actual landing point. Therefore, these attitude data are clearly
erroneous. In ordsr to obtaln a reasonably accurate estimate of the
actual spacecraft attitudes 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 us=z of actual radar tracking data immediately 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
Flight-path angle + .,002°
Altitude + 400 ft
Heading angle +..002°

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 +0.5 percent 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 1+20° result
in only cne-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 guldance 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-Burrcughs data are
shown in figure 4.3-1, and the AZUSA data used in the Range Safety
Impact Predictor Computer (IPT090) are shown in figure L4.,3-2 to
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illustrate the noise level during the time of the GO-NO-GO computations.
Both the GE-Burroighs and the AZUSA data are considered very good,
except for three AZUSA points immediately after SECO. The reason for
these three points with such large errors is not known at this time.
The points are cbviously in error but are'included.in the figurés_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 Mercury Control Center for the orbital GO-NO-GO decision.
Both GE-Burroughs and AZUSA data indicated a GO decision.

The primary auxiliary sustainer cutoff (ASCO) signal based on
General Electric-3urroughs guidance system computations was sent to
the launch vehicle simultanecusly with SECO. However, the backup
ASCO signal was generated at the 7090 computer 0.4l 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 improper ASCO signal. Had this signal been sent, a
cutoff velocity o 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 reascon for this premature signal is being investigated.
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TABLE 4.1-1.- SEQUENCE OF EVENTS

&

Planned time, Actual time, Difference,
Event hr:min:sec hr:min:sec seconds
Booster-engine cutoff 00:02:10.1 00:02:08.6 -1.5
( BECO)
Tower release 00:02:32.2 00:02:32.2 O
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 C0:05:10.2 4,9
Spacecraft separation C0:05:06.3 00:05:12.2 5.9
Retrofire sequence 0hk:32:25.6 0h:32:36.5 10.9
initiation
Retrorocket No. 1 (left)  0L:32:55.6 0h:33:10.3 14,7
Retrorocket No. 2 0L4:33:00.6 0h:33:15.3 b7
(bottom)
Retrorocket No. 3 0L :33:05.6 0L :33:20.3 1.7
(right)
Retro assembly jettison 0h:33:55.6 Oh:34:10.8 15.2
0.05 g relay ol h3:55.6 ob 4L -4k 484 (1.o)b
Drogue parachute deploy-  OL:50:00.6 Ol :50:54 53.4
ment
Main parachute deployment O4:50:37.6 Olb:51:48.2 70.6
lLanding (accelerometer OLk:55:22.6 Oh4:55:57 bk (25.6)b
measurement )
Main parachute jettison Ohk:55:22.6 OLk:56:04.8 Le.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 L4.2-1.-

CONFIDENTTAL

COMPARISON OF PLANNED AND ACTUAL TRAJECTORY PARAMETERS

Condition and cuality 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 30.50351 .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 L37.4 Lh3.3 5.9
Space-fixed velocity, feet/second 25,715 25,717 2.0
Space-fixed flight-path angle, deg -. 0006 -. 000k .0002
Space-fixed heading angle, deg

east of north T7.4886 | 77.60089 1122
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 | T2.2416] -.1189
Altitude, feet 528,397 | 527,894 | -503

nautical miles 86.96 86.88 -.08
Range, nautical miles hhs, 2 Lke2.3 7.1
Space-fixed velocity, feet/second . 25,736 25,738 | 2.0
Space-fixed flight-peth angle, deg -.0035 -.0031 Nelelol't
Space-fixed heading engle, deg

east of north 77.5672 T77.6915] .1243
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TARLE 4.2-1.- Concluded
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 1hh b 1hl. o6 .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 1hh L 1hk. 96 .56
Space-fixed velocity, feet/second 25,737.0] 25,738.0l " 1.0
Earth-fixed velocity, feet/second ok, k20,0 24 ,402.1)  2.1
Exit acceleration, g 7.7 7.8 .10
Exit dynamic pressure, lbs/ft2 966% 967 1.0
878%x%
Entry acceleration 7.6 7.5 -1
BEntry dynamic pressure, psf Lso L2g -21.0
Landing point:
Latitude, deg:min 21%7'w | 19%27'8%  -1°Lko'N
Longitude, deg:min 63%0'w | 63%59' W% 101w

*¥Bagsed on Cape Canaveral atmocsphere.

¥¥Based on 1959 ARDC model aimosphere.

@'"pctual" landing coordinates shown above were those resulting from the
trajectory integration. The retrieval pcint 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 PERFORMANCE

The spacecraft as an entity performed adeguately. Some system
snomalies were experienced, and analyses of these are discussed in
the following paragraphs. Also discussed, from an overall mission
viewpeint, are the spacecraft systems' general performance. Flight
data and measursments are generally not shown, other thkan 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 —re pitch horizon scanner, space-
craft control system components fTunctioned normally tkrough the
flight., The horizon scarmer problem is discussed in detail in the
paragrapus below, and the analysis takes into account the astronaut's
comments concerning orbit attitude and attitudes prior to retrograde.

System description.- The spacecraft control system is designed
to provide attitude and rate control or the spacecraft and is capable
o7 operation in the following modes:

1. Automatic stabilization eand control system (ASCS), with
szcondary choices of orientation, orbit, and auxiliary damping modes.

2. Fly-by-wire (FBEW) system
3. Manual proportiocnal (MP) system
i, Rate stabilization control system (RSCS)

Modes 1 asnd 2 employ the automatic reaction control s;stem (RCS)
thrusters, while modes 3 and 4 use ~he manuszl RCS thrusters. Each
reaction control system has its own fuel supply and is independent of
the other. Combinations of modes 1 znd 3, 2 and 3, or 2 and 4 are
available to provide "double authority' at the astronaut's discretion.
The amplifier-calibrator (Amp Cal) employed standard A-8 logic circuitry
and did not have the single-pulse insurance feature in orbit mode that
was employed in spacecraft 173 (MA-6). This insurance feature prevented
more than one actuation of a given thruster when the Amp Cal eflected
opsration of that thruster. The data from the MA-T7 flight do not show
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any double actuations of thrusters ir the orbit mode, and therefore
the lack or this insurance feaiture did not affect the control S,5tem
performance.

The horizon scamner system employed a standard circuitry which
reduced cold-cloul effects.

A MANEUVER switch was placed in series with the 0.05g switch
fuse to remove torqueing of tle direction-gyro gimbals. This .effect-
ively disables th=z yaw reference slaving system and pitch orbital
precession (4°/mia) at the astronaut's discretion. This allows the
astronaut to perform spacecraft maneuvers without introducing errors
in his attitude displays.

Flight Control Analysis.- Systems operation was normal during
this flight, with the excepticn ot a pitch horizon scanner mzlfunction
which is evident from the dats as having been present before space-
craft separation Trom the laurd vehicle. The piteh horizon scanner
output read +17 degreesg, 40 seconds after tower separation. At this
time, the launch vehicle pitelr gyro read approximatel:, -0.5 degrees
revealing an 18 degree error in scanner output. By capsule separation
the spacecraft piich gyro had slaved to the pitch scanner output and
was in error by about 20 degrees. This is shown in figure 5.1.2-1.

At various times during the orbital vhase, the pitch horizon
scanner output drifted without apparent spacecraft motion, as was
found between 00:07:20 and 00:08:30, where an apparsnt siaving rate
of 20 degrees per minute would be required to duplicate the scanner-
gyro reference shift. The norinal gyro slaving rate is 8 degrees
Per minute. From known astrornaut reference positions during the
orbital period, the comparable pitch horizon scanner output was
observed to be in error by varying amounts between +50 and -20
degrees,

During the retrofire perisd, a trajectory computation based
on radar tracking data (sce section U.2) yielded a mean pitch attitude
of -36.5", whereas the maximum horizon scannsr reading was -16°
(see figure 7.2.3.6-1). This -~omparison and that which was made during
the launch phase sre the only independent sources wzich verify thke
scanner bias, and these are in excellent agreement.

Further studies and tests are in progress to localize the nature
of the Tailure. It is bel ieved that the malfunction cazn be attributed
o & random component failure, since the scanner design has previously
been qualified.

CONFIDENTIAL
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There were wwo iadications of fre gyros not caging o zero during
the fiight. The astronaut recycled the gyro switch eacn time and the
gyros immediate_y caged Troperly.

(I)

The ASCE orbit mode performance appeared to ve satisfactory, but
cannot be evaluated in detail since contlnuous scanner slaving was
employed. The ASCS orbit mode operation can bs best znalyzed wher the
gyros heve teen Ires for an extended period of Lims, thereby eliminaz
ing the scanner slaving.

The orientation mode displayed a divergert cscil ation at QL:26:13
when the astronzut switched tc ASCS “n order 0o maintain an accurate
retroattitude. This divergent oscillation was cszus=d by the rate-
gyro spin motors not having sufficient time to run up, since they were
shat down during the mrevious two hours of manual proportional control
system utilization. The nominal rate gyro run up fims is 2 minutes.

Control System Utilizetion.- Srpacecraft turrarourd was accomplished
manually by the astronaut, according to the fiight plan, using tThoe
FBW control system. ASCS control was initiated =t 00:07:10. By
00:56:50, maneuvering had been conducted using all control systems and
modes of operation, and the astronaut rerorted thses opsrations as
satisfactory. However, the brief periods of operation invelved may
kave prevented the nilot from recognizing Improper attitude reference.

Manual control (FBW and MP) was used extensively during the
flight. Approximetely 17 miautes of the flight consisted of doubls
authority control. The control system combinations utilized were
FBW with MP and ASCS with MP. It should be noted that the high
thrusters were actuated inadvertantly =z number of times by t he sstronaut
while using the FBEW control system. It is believed that the repeated
use of the high thrusters, together with the use of double authority
cortrol, resuited in the unfavorable fuel uszge rate, which can Te
geen In figure T7.2.3.7-1.

The FBW cortrol s;stem was used to obtain znd nold reentry zttitude
during retrofire. After retrofire, the MP con-wrol system was utilized
until manual fuel depletion at Ob:34:20. Treresefter, FEW conzrol was
used until spacecraft oscillations began to build up during reentry,
a1 wnich time the auxilisry daemping mode of ASCE was utilized until
gutomm tic fuel depletion at OL:L49:5

The spacecrait cscillastions begsn To diverge after zutomatic fuel
depletion and continusd until marual drogus dexzlos A preliminary
anaiysis ol the onboard data indicatss thzt the naturgl frequenc: znd
demping ratios of the MA-T7 spacecraft during reentry asre approxiratel
as predicted, based on an zrzlysis of the MA-& reentry d=ta.

CONF'TDENTTAL
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5.1.4 Reaction contrcl system.- The reaction control system (RCS) was
of the standard coniiguration, with the exception of modified thrust-
chamber assemblies. This modification essentially involved replacing
the stainless-steel fuel-distribation (Dutch weave) screens with
platinum screens anc. a stainless-steel fuel distribution plate,
reducing the volume of the automatic heat barriers and solencids, and
moving the fuel-metering orifice to the solenoid inlet. This change
was incorporated into thé 1-1b thruster assemblies, but not the 2k-1b.

Only the platinum screens were added to the 6-1b units.

ObJjectives of the thruster configuration change for the MA-T
mission were to eliminate the possibility of blocking the fuel
metering orifices with particles of Dutch weave screens, as 1s 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 thig 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
assermblies in a manner similar to that employed on the MA-6 mission,
in order to reduce rropellant feed-line temperatures.

Performance: The astronaut's report of no malfunctions in the
reaction control system 1s substantiated by the onboard recorded data.
The high rates of fuel consumption appear to be consistant with the
frequency and duration or thruster activi ty. There is no evidence,
either from flight data or from nostflight inspection, of fuel leakage.

Propeilant feed-line temperatures were measured during the flight
and maximum temperatures recorded are listed below:

Thruster position Temperature of Approximate
feed line, °F Time,
hr:min
Automatic roll (clockwise) 104 03:48
Automatic roll (counterclockwise) 105 01:55
Marual roll (clockwise) 108 03:28
Manual roll (counterclockwise) 119 03:00
Automatic pitch (up) 128 03:43
Automatic pitch (down) 139 03:27
Autom tic yaw (right) 1he 03:3k
Automatic yaw (left) 136 03:L1

CONFIDENTTAL
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An analysis of the data indicates that thruster impulse of the
expected magnitude was delivered whenevar a thruster solencid was
actuated. Angular velocity changes irparted to the spacecraft by
gutoratic system thruster operations were nominal. Refer to table
5.1.2-1 for a history of automatic and manual fuel usage.

During the spacecraft 18 {MA-7) thrust chamber inspection, all
assemblies appeared to be in excellent condition, with evidence of
a normal amount cf salt water corrosicn and heat discoloration.
The results of the postflight RCS inspzction are presented in table
0.1.2-2, The only notlceable conditionz wsre the heat markings on
the pitch and yaw heat barriers, which varied from 0.25 to 0.45 inches
long. This was not evident on the l-pound roll heat barriers; now-
ever, there existed a heavier discoloration and slight oxidation of
the diffuser plates in the pitch and yaw l-pound thrust chambers.
Diffuser plates In the roll chambers ware light blue in color.

The platinum screens in all champsrs were found to be in
excellent condition with no evidence of detericration.

All autcomatic system solenoids were inspected and tes-ed for
electrical actuation. The 24-pound pitch-down and yaw-right sole-
noids failed to operate with 30 VIC apolied. This is attributed
solely tec postflight salt-water corrcsion, since no indication
exists that these units failed to operaze during the flight. All
others operated preperly under 18 VDC. Detailed inspection of the
1- and 6-pound solenocids revealed no apparent discrepancy, and
peppet tips locked good in all respects., No rust was seen within
the valves; however, as was evident in a number of cases at the
outlet port, it appears as if the volshan washer may be-causing the
plating to .crack at this peint.

Inspection of tne 2L-pound solencids revealed rust in varying
degrees within the bore, mainly at the nmetal insert and poppet
bore 1lip. The inoperative valves had a heavy salt-like substance
within the bore. Inlet screens were generally clean, and the few
exceptions tnat were found revealed minute plastic and crysialline
particle deposit,

CONFIDENTTIAL
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TA3LE 5.1.2-1.- FUEL CONSUMPTICHN

Automafic system Manual system
Time Mission phase Fuel used, Fuel remaining |Fuel used, | Fuel remaining
1b ib 1b 1lb
C0:00:00  Launch o 35.0 0 24.9
00:08:00  Turnaround and 1.6 33.4 0 26,9
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 1C.3 1.0
Ob: bl 05 g to drogue 5.0 1.k 1.0% O
04:50:54  Drogue to main 1.4% c -- -

a
Fuel depletion occurred during this pericd.

CONF IDENTIAL
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TABIE 5.1.2-2.- SPACECRAFT 186 THRUST

CHAMBER IWSPECTIOWN

Thruster

Serial numbera

Inspection resulits

IWaw right
(1-1p)

[Yaw left
(1-1v)

Pitch up
(1-1v)

Pitch down
{(1-1b)

CCW automatid
roll {6-1b)

CCW automatid
roll (1-1v)

CW automatic
roll (6-1v)

CW automatic
roll {1-1v)

CCW‘manual
(116—110 )

CW manual
(1-6-1b)

136

133

3

18

18

21

28

Or:fice spacer cl=an, rust stains evicent on the
bottom side of orifice and diffuser plate Platinum
screens in good condizica.

Crifice spacer clean diffuser plate clear. latinum

screens in good condizion.

acreen. FPlatinum screesns

OriTice spacer clzarn, diffuser plate clear. Sereens
lock excellent.

Heavy ruzt stains con all parts, diffuser plate and
orifice clear, pl=tinum screens good.

Rust stains evident cn crifice spacer and alfluser
plate, diffuser plate blue in color. Platinum
screens okay.

Very wet, Orifice clean, diZfuser plate blue in
color, gcreens very good.

diffuser plate lightly

Crifice spacer clean, nc rus
re excellent.

bluec on Lop suriace.

Crifice and diffuser piate
on piatinum screen. Light
ncse pilece.

clean, 1ight rust stain
cerrosion on check valve

Corrcsion on check valve noge plece, zalt liks sub-
stance found in valve and heat barrier screen.
Crifice, diffuser plate and platinum screens in good
skape.

a : L - .
The serial number refers to a thrust chamder asserbly, which
may contain more than one thruster,
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5.2 Environmental Control System

The environrental contro_ system (ECS) is designed to provide a
comfortable level of temperature and humidity in the pressure suit
and to maintain appropriate sult and cabin pressures. The composition
of the suit environment is lOO% 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
reguirements of the astronsut. the ECS also removes heat from onboard
electrical equipment and supplies gas makeup for czbin 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-& 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 the 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 witk the oxygen partizl
pressure sensor had been encountered during spacecraft preparations,
and the final calibration was known to be only approximate.

The flight data deviate from design criteria of the system only
in the performancz of the cab n and suit cocling systems.

Although the cebin air temperature varied between 82°F ana lO?OF,
it remained above 100°F for much of the flight. The variaticn of
cabin temperature with time is plotted in figure 5.2-1. These high
temperatures, thouagh tolerable, are undesirsble. Tests will be made
with a larger fan in the heat exchanger to determine if a significant
reduction in cabia temperature can be realized.

The many chaages in the cabin comfort control valve setting

prevent an accurate analysis of the effects of sunlight and darkness
on cabin temperatires.

CONFILENTTAL
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Suit in_et temperature, suit h:zat exchanger zteam tempuraiure
and suit comfcrt—contro;-vaLve settings are presented In figure 5.2-2.
The astronaut reporzed that he found it difficulz to determine the

proper comfort-control-valve setiing which would maintzin a corfortable
level of suit temperature. Figure >.2-2 skows aprrecizabie tult-Ttempsr-
ature fluctuation resuiting from changes

in coolant water filow rate
7 . a N

(The coolant weter flow rate is controlied by the actronaut’s manuai
ad justment of the comfort-control valive).

MA-7 was the first orbitail fliight from which approxirmuts valus
for astronaut metabolic oxygen reguiremenis could be calcu.zated. TFre-
launch oxygen consumption was deterxined to be 0.0457 Coinaafhcur or
261 standard cubic centimeze B/ELQLLQ (measured =t 1L.7 ¢
During orbital flight, the actronaut metabollic consumption wa
lated to be 0.0722 pounds/hour or -G8 standsrd cubic centimete /mlqutea
These metabolic consumption rates wers calculsted Trom Th
pressure decay rates of the primary oxygen tank after a

the 60 cc/m constant bieed crifice cf the sult demand re a Ik
ECS design criteria for the sstronszut metaboliic rate was 6] min .
This was based upon oxygen usage dztz obtained during w o] iia
difficulty under ! g. The astronaut activity under WEﬂdbt_ess condi -
tions demonstrated that weightliess oxygen consumption rates ars of =
similar level as those which cccurred under 1 g.

h.2.2.1 Launch pnase: The ECS operated properly during the LaUﬂCh rhase.
The cabin and suit pressures maintained the proper difTerent of

5.5 to 6.0 psi above ambient pressure during ascent, and he;d at 5.8
and 5.9 psia, respectively.

5.2.2.2 Orbital phase: The cabin and suit pressures decressed slowly
during the orbital phase because of a cabin leakage of 10QC cc/mlnute,
as established before fiight. The pressure decay cezsed at sapproxi-
mately 03:00:00 at which time the cabin pressure contyol valve began
supplying oxygen to compensate for the cabin leskage. The cabin
pressure was then maintained at 4,¢ pgis. The only problems encountered
during the orbital rhase were the high suit iniet and catin air
temperatures previously described.

The 150- and 250-VA inverter temperatures, shown in fligure 5.2-%,
inereased from 1120F and 128°F, respectively, a2t launch to 175°F an d
186°F, respectively, by 02:00:00. The temperatures appeared to be
stable after this time. The rate of Temperature increase appeared 1o
decrease after the inverter coolant-control valve was advanced from
the number L4 to the nurber 5 positicn at 03:0C:38. The corresponding
change in ccoolant-water flow iz frem 0.50 poandd/nOLr zo 0.6k DOUPdS/
hour.

CONE'IDENTTAL
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The Coolant Quantity Indicating System (CQIS) indicated a coolant-
water usage of 10.0 pounds, whken corrected for temperature change.
Postflight inspection measured s usage of 10.23 pounds. This agreement
represents the most accurate CQIS measurements in flight to date.
Coolant usage averaged about 2.1 pounds/hour over & period of 4 hours
and 50 minutes, compared with = nominal flow rate of 1.6 pounds/hour.

The secondary-oxygen suprly pressure increased slightly during
the flight. This can be attriouted to the increase in supply bottle
temperature, as measured during flight. Temperatures were identical
for both the primary and secondary supplies, and indicated T2OF at
launch and 86°F at landing. The decay of the secondary oxygen supply
experienced during MA-6 did not recur during this flight.

5.2.2.3 Reentry phasc: The performance 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 emergercy oxygen rate commenced at this time.

The sult temperature starzed to increase sharply at & time of
approximately O4:£5:00 (figure 5.2-2). About one hour earlier
(03:27:00), the suvit comfort-control-valve setting had been advanced
to give a high coclant water fiow rate. The ensuing temperature de-
crease resulted in a comfortab.e suit temperature leve_ until about
0k:15:00, when a fluctuation began and later the subseguent sharp
increase in sult 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 zn hour. This resulted in z 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 during weightlessness. The inflight value agrees
closely with the rate found under l-g conditions for similar work,
and validation of the design criteria for oxygen consumption estab-
lished for the ECS was accompl:shed.

The high cabia and suit irlet temperatures were the only problems
encountered during the flight. The inability of the cabin cooling
system to reduce tie cabin air temperature below G5CF is undesireble
and may be due to the size of the fan which delivers air to the cabin
heat exchanger for cooling. Irvestigations employing & cabin fan of
larger capacity are underway.

Bome difficulwy in obtaining the proper valve setting for the

suit~inlet tempersture control was experienced, primarily because of
the lag insuit terperature wita control manipula*ions. However, the

CONFIDENTIAL
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high temperatures and humidity, as reported by the astrcnaut, may

have partially resulted fror cbstruction of the heat-excnanger
This vartial freezing would
The design conditioens
59 F temperature.

eveporative surfaces by freezing.
slightly increase the evaporatlon pressure.
are for evaporation at 0.1 psia pressure and 3
An increase of 0.1 psi in this design pressure would raise the
corresponding evapcraticn temperature 1O 53° F, which in turn
aignificantly reduces the system capabllity to condense and ccliect
water in the suit circuit. Flight data show tnat the sult steam-
exhaust temperaturs was approximately 700 F, instead of the ex-
pected 500 F, thus indicating that the evaporation temperature was
probably near 559 F and that partial freezing may have been ex-
perienced. The water-Ilow and evaporation mechanism of thas system
is presently under study, and future mission training will more
accurately define temperature control orocsdures Tor The astronaut.

CCNFIDENTIAL
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5.3.1

5.3.2

5.3.3

CONFZDENTTAT

5.3 BSpacecraft Comunications

The spacecraft communication system zboard the MA-T7 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 astronaut 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.

Voice communications.- UHF voice communications with the
spacecraft were satisfactory. Attempts on the bart of the astronaut
to utilize HF volce communications were unsuccessful. Tt is
believed that the poor HF rezeption of the spacecraft transmissions
was the result of spacecraft orientation and atmospheric conditions.
The HF transmitier will be re-checked during scheduled postflight
testing.

Radar beaccns.- Performance of the C- and S-band teacons was
satisfactory, although it was slightly inferior to that of the MA -6
mission. Several stetions 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 presenzed by the phase
shifter (wobulator) and the drifting mode of the spacecraft, giving
& poor antenna orientation. I2 view of thesge problems, both beacons
were rechecked after the mission and found to be essentially unchangsd
from their preflight status. Additional bench checks are planned for
these beacons.

Location aiis.- Recovery forces reported thet the auxiliary
beacon (Super SARAH) and UHF,DF sigrals were received. The super
SARAH beacon was received at a range of approximastely 250 miles.
Both the SARAH bzacon and UHF/DF were received at rarges of 50
miles from the spacecraft. The HF rescus beacon (SEASAVE) was
epparently not received by tre recovery stations. The whip antenna
used by this SEASAVE beazcon was reported by the recovery forces to
be fully extended and normal 3in appearance. The SEASAVE beacon was
tested after flisht and found to be satisfactory, ss shown in
the following tasle, Investigation as to why it was not received
is continuing. ’

CONFIDENTTAL



5.3.4

CONFIDENTTAL Page 5 - 13

Parameter Preflight Tes= Postflight Design
(sFpR 77%) Test Specification
Transmitter frequeacy +.00 +2Ls +836

Deviation, CPS

Power Output, watts 1.0 1.0 1.0
BUS Voltage, volts 12.0 12.0 12.0
Command receivers.- The command receivers operated satisfactoriiy.

The discrepancies noted during the MA-6 mission were not evident during
this flight. It appesrs that increasing the low-telemeter fregquency

by 500 ke eliminated the interferencs provlem, which was previously
experienced during the MA-6 reentry bleckout period.

o1 X . ‘ .. . . .
SEDR 77 is a simulsted mission, during which =11 zprlicable systems
are exercised.

CONF'IDENTTIAL
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5.4.1
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5.4 Electrical and Sequential System

Electrical system.- The spacecraft electrical system was a speci-
fication spacecraft system. Voltage and current profiles were similar
tc the MA-6 missicn and were as expected. Changes in the electrical
system from spacecraft 13 are as follows:

1. Inverter AC voltages were monitcred on the AC voltmeter
rather than by moritor lights.

2. The maxinmum-altitude-sensor vattery was used as an auxilliary
battery for the velocity sensor after retrofire command.

3. The 24V isolated bus was monitored on the #o position of the
DC voltmeter select switech (position was blank on spacecraft 13).

L. A switch fuse was addsd to the phase shifter circuit for
ON-OFF control during the specral radar test.

Inverter temperatures were about 110°F on the 150-VA inverter and
125°F on the 250-VA inverter at lift-cff, and these incressed gradually
throughout the mission to 175°T and 1859F, respectively. These final
temperatures are scmewhat 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 iduring postflight tests that a number of fuses had
blown on this mission that had not blown on previous missions. This
was undoubtedly cauised by sea wvater that got into the spacecraft after
landing, since there were no irdications of any fuses, other than
squib-firing fuses, blowing pricr to landing. The fellowing is a list
that apparently blsw as a result of sea water producing shorting paths
to ground within taie spacecraft.

1. Emergency hold centreol

2. Low-frequancy telemetry

3. Instrumenzaticn DC #6

L. Telemeterad sequence, OV isolated

5. BStandby inverter

6. Isolated-bus regulator

7. Main inverter fans
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8. Automatic HpO, Jettison
9. Phase shifter (switch fuse panel)
10. High-freguency telemetry’(switch fuse panel)

Squib-circuit fuses were found blown as in previous flights.
In the retrorocket ignition circuits, 5 of © had blown, including
the #1 retrorocket switch fuge which also had a hole in the cera-
mic portion along the side., TFrom records of current during retro-
fire, it was deduced that approximately 7 amps passed through this
fuse for 6 or 7 seconds befors 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
posiflight tests, where he observed twec similar fuses being blown,
that these fuses produce a smoke having the same color and smell as
that encountered in flight at the time of retrofire.

Postflight inspection revealed that two of the four diodes in
the zehner diode package were badly corroded. The corroded diodes
were 1h-volt zehners with their positive terminals connected through
Tfuses to the main and isolated buses, respectively, and their nega-
tive terminals connected to the positive side of the other two 1k-
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 ocecurs
between the case, which is at a 1h-volt positive potential when the
dicde electirically 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 5 electrical lab.

Sequential system.- The sequential system for spacecraft 18
was similar to that employed for spacecraft 13 (MA—6), but the follow-
ing modificaticns were incorporated:

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

2. The landing-bag deployment monitoring circult was changed.
The limit switches were wired such that ths actuation of both was
required for telelight operation and telemetiry indicaetioms.

3. The emergency retrosequence relay zontacts were jumpered

so that the spacecraZt was capable of accepting simultaneous retro-
fire signals from the clock and ground command.

CONFIDENTIAL
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L. The AF transmitter/reueiver was enabled at tower separation
rather than spacecraft separation.

5. The Op-gquantity light on the right hand instrument panel was
disabled.

6. The scannsr slaving signal wes changed Ifrom prograrmed to
continuous.

7. A barostat was added inside the cabin and wired such that the
automatic recovery system was rot armed unti. the cabin pressure was
above 9.62 psia on descent (approximately 11,000 feet).

8. The emergency drogue Ceploy switch was wired such that the
periscope would extend and the snorkel door blow-cff sguibs would
ignite when the switch was actiated.

Sequential system performence was as expected throughout the
mission with the fzllowing excepuions:

1. Retrecfire had tc be accamplished manually Tzcause there was
no attitude permissicon from ASCS. The astrongut reported a 1 to 2
second delay betwesn pushing the retrcfire switch ard #1 retrorocket
igniticn. Onkoard reccords indicate that retrcfire cccurred 2.2
seconds after the clcck gave tle ignition signal, but thzre is nc
indication of any nalfunction ir the retrorocket system after retro
#1 igniticn. Postflight tests of the retrcseguence 2ircuitry indi-
cate that the systazm still functicns normally. At precent there is
no explanation for the reporiec 1 to 2 seccnd delsy.

2. The main parachute wa:s deployed manually by the astronaut.
This action resultad because ¢ the cabin pressure lagging static
pressure as expect=d. This is discusced with more detail in the
Mechanical Systems Section (5.7) of this report. Postflight checks
indicated that the auvtomatic system did function during the descent
vhase, although it was sometime after main parachute deployment, and
the exact time caniot be deterrinesd. The auvtomatic rscovery-sequence
system functioned oaroperly during postflight tests.

3. The onboard tape reccerder and other telemetry components
apparently did notl losz input rower at landing plus 10 minutes as
plznned. Upon initial powsr-up when the spacecraft was returned to
Hangar S, it was found that a khort existed tetween the 2 pre-impact
buses, which supply power to telemetry, ard the spacecra®™ main DC
bus. After the spacecraft was dried in the altitude chamber, it was
found that the short no lcnger existed. It is felt that sea water
either got into onz of the fuse blocks which contain the three
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buses mentioned above or cne of the instrumentation packages and
shorted the three buses together. This would explain the fact that
the pre-impact buses remained powered.
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5.5.2

5:5.3

5.5 Mechanical and Rocket Systems

Some anomoliss occurred in the mechanical systems, although
ne serious or dangsrcus conditions resulted. These anomolies,
along with genera’ syszems description and performarce, are dis-
cussed in the following paragraphs,

Recovery sequence.- The r:=covery sequence system was modified
by adding a control taroswitch in the circui< to disarm the re-
covery system at altizudes above 11,230 feet., The recovery sequence
as flown is shown in Figure 5.3.1-1.

Parachutes.- The performaice of the drogue and main parachutes
upon deployment wes satisfactory. Since neither parachute was re-
covered, a detalled postflight visual inspection could now be made.
Observation by the astronaut verifisd that both parachuteg were de-
ployed cleanly anc. were undamazed during descent. The anomolies
encountered with the parachute system can generally be attribuzed
to the changes in the recovery seguence. The droguis parachute was
manually deployed at a static sressure of 5.35 psia, which corres-
ponds to a pressure altitude o~ 25,450 fest. A manusl deployment
of the drogue at zn altitude o sbout 21,000 feet was »nlannsd for
this mission. The deployment aititude, however, was left to the
agstronaut's discretion, and he could have chosen an automatic de-
ployment at approximately 10,000 fzet.

The main parachute was to be decloyed manually at sbout
10,000 feet if the astronaut caose, or automatically at a sliightly
lower altitude if the astronau- chose to wait for automatic deploy-
ment. The data show that the control barcswitch, which senses
cabin pressure, would have effected mein parachute deployment at =
pressure altitude of approximately 8250 feet. The astronaut chose
the manual procedure and deploved the parachute at a pressure alti-
tude of 8050 feet,

Rockets and pyrotechnies.- A postflight examination of the
spacecraft and an analysis of the pertinent data indicate that all
rockets and pyrotechnics apparently functioned normally. During
retrorocket firing, the astronaut felt that the deceleration was
sorewhat less than expected. Detailed trajectory analysls, however,
indicates that the retrorocket vperformance was within specification
values, as discusszd in secticn 4,0,

It cannot be determined whrether certain pyrotechnics actually
fired (such as redindant clamp ring bolts and tower-jettison rocket
ignition), since tae available informetion shows only that thke
resulting function was satisfactory.
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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 hatech to be in excellent
condition.

Landing shock attenuation system.-

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 perscnnel, 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 holsted 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 spacecraf't was supported by the flotation collar prior to recovery.
All restraining cables and the large pressure bulkhead appeared to be
intact; however, a cable-restraining spring had been lost.

Ablation shield and main pressure bulkhead: The ablation shield
appeared intact, except 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 bulkhead, 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 1in previous missions.

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
to 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° - 500 list angle. However, it 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 the 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 150 - 250 from ths vertical. By timing audible events
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on the onboard tare, it appesrs that —he astronaut initiatesd nis vost-
landing checklist immediatelv and had alrsady begun to egress by four
minutes after landéing. Water stability data, from tests conducted by
tre Recovery Branch of the Fiight Operations Division, indicates that
the above CG could have caused the epacecraft to take some 3 or L
minutes to stabilize in an uprLght position if the astronaut had re-
mained in the couch. &ince th: astronaut was apparsntly meoving around
in preparatvion for egressing dAAlng this stapilization pericd, his
weight mav have mllified any restoring moment that existed. Many un-
znown factors can influsnce tho spacecraft erecticn time, including
air trapped in the landing bag, insulation-blanket soaxing, and the
manner in which the reserve parachute is jettisoned. Comslidering
these unaccourtable effects anl the fact that they cannot be duplicated
ir a controlled flctaticn test, the actual list angle is indeterminate.
Therefore, the corclusion must oe drawn that, after zaxing inzo
account the astreraut’'s immedizte egress, the higher center of gravity,
and a number of possible minor factors; the spacecraft did not have
sufficient time to ersct itsei” belore the absence of the astronaut
changed tne equilibrium list angle. This eguilibrium angle, based on
the unoccupied spececraft CG, 2ould well nave been close to the astro-
naut's estimate and is 1n reasonable agreement With ths postrilignt
photogranh.

Water in spacecra®t cabin.- After spacecrafft recovery, approxi-

metely 65 gallons o salt watcr were removed from the cabin and an
estimated 10 gallons remained in irnacczessikls Tne astronsut
reported that a few dropsg of water splashsd on the “aps recorder at

the time of landing, which can rrobapiy be attributed to water coming
in through the cabin pressure-relief valve. Astronaut comments and
postflight examinations reveal that this valve was anolt placed in the
locked position. 'hs surge o7 water which entered the recovery sectlion
of the spacecraft upon landing may tave had snough velocity head to
briefly overcome the vaelva's nzagative-pressure-reli=T setting (approxi—
pately 167 of water) and spray through onto the recordsr. This valve
is located almost dirsctly cver the tape recorder Installation, as
shown in figure 5.5.7-1.

The small amount of water tnat could have ccme in through this
cabin pressure-re_ief valve, -owever, would te n2gligliole compared

to the total amount Iound in tze spacsc“aft cabin. Postflight tests
show the cabin leak raze to be about 387C cc of air per winute, which
ig an increase of 1670 over tz: prelautnch value of 1000 cc pser minute.
A leak was detected in the largs pressure bulkhead arcund a thearmo-
couple connector; however, thiz leak is not large enough To account
for much over 15 percent of ths total. The astronaut stated that he
heard some water =nter througl the opening left by the removal of the
small pressure bulkhead, tut <14 not believe that tais amounted To
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CONZIDENTTIAT



CONFIDENTIAL Page 5 - 21

much more than a few gallons. Although the spacecraft was listing,

it was not listing enough for the recovery section to be in the water.
It is probable that the water entered through the small pressure
pulkhead opening during the egress and the period when the astronaut
was using the capsule for support 2o 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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5.0.2

5.6.3

5.6 Reertry Heating

Heat shield.- The perforwance of the heat shield (see figure
10.1.2-1) during reentry was satisfactory. The center plug was
lost, but a postflight investigation revealed that this cecceurred
after major heating. The area under the plug showsd no evidence
of charring or excessive heatiang. Otherwise, the snhield suffered
only normal cracking and displayed ths ususl glass droplet sztreaks.
The stagnation point appears to have ceen approximately in the
center of the shield.

Two temperatire pickups wsere recorded. One was located in
the center of the shield and —ne other 27 inches from the center.
Temperature-time histories are given in Part IT of -his report.
The maximum temperatures experiencad are in agreement with pre-
dicted values. Mexirum heat-s2ield temperatures for this and pre-
vious flights are presented in figure 5.6.1-1.

The heating eppeared to be uniform over tne shield, as s
shown by 8 core semples taken at various locations *n vthe shield.
Visual char depth varied from ©.3 to 0.35 inckes. This compares
very closely with the MA-5 gnd MA-6 measursments. No reduction in
overall thickness was ooserved.

The measured weight loss of 12.1 pounds was slightly more
than the expected loss of 11 pounds, but iz still within the limits
of measurement and calculstion accuracy. This value is greater
than that resultirg from previous flights; however, the possibility
that previous shields were not completely dry when weighed mizht
have contributed tc their lowe: weight loss. This is espscially
probable for the MA-L and MA-5 spacecraft ablation shields.
Approximate calculations show -nat the slightly mors shallow reentry
for this flight wculd not have resulted in a significant increase in
the ablation loss compared to 4 nominal reentry.

Afterbody.- The shingles on the conical-cylindrizal afterbody
show no evidence cf adverse heating effects. Temperatures measured
on these shingles are also pressnted “n Part TT.

White paint patch.- The greatest heating effecects experienced
by the white patch {shown in T gure 10,1-2, upp £t of spacecraft)
gre when it is oriented towards the sun, and s e the spacecraft

was never positioned in this manner for an extended period, only a
trend in the data can be derived., Apparently the spaceceraft was
rollsd several times, which placed the patch toward the sun for
brief pericds, and during thess periods the differenzial was -LQCF
between the patca and an oxidi:=d shingle. Just afzer 0.05 g, the
white patch experienced a sudden drop in temperature. No explanation
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for this is available at the pres=znt time. During the prirary
reentry heating phkase, the patch temperature differential increased
to +180CF. This is expected and s attributed to the decreasing
emissivity of the white paint with increasing temperature.

Green-glow effect.- The astronaut reported a green glow arcund
the recovery section during reeniry. No explanation for the cause
of this is available. TInspection of the beryllium shingles indicates
rothing abnormal in this ares; these shingles have about the same
appearance as those of previous spacecraft. Beryllium shingles with
tlack paint have been heated in tests to temperatures as high as
S000°F without exhibiting the greer glow. However, it is possible
that since these tests were conducted using Quartz lamps, this intense
lighting condition might have precluded recognition of this phenomena
if it were present.

CONFIDENTIAL
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Tethered inllatable balloon.- This =2Xperimert was designed to
provide orbital observations of nearby objects of varying surface
finishes and to reasure the drag of an opject of known aerodynamic
characteristics "n 2 region of free meclecular fiow. Balloon drag
could then be related to atmocspheric density and thus provide a
density profile over the altitude range encompassed during the Mercury
orbit. It was & so intended to obtain gqualitative informstion on the
capabllity of the astronaut to estimate separvation distance between
the spacecraft and an cbject of knows size ard shave in space. The
visual portion of the experiment was tc evaiuate the relative merit
of verious cclor:s and surface finishes for optimum visibility in s
space environment at varying ranges. Additional objectives of this
test included observatiors of the general gtabllity qualities arnd
damping characteristics of the tethered balloon. The appearance,
brightness and behavior of small diffyuse refiecting discs were to be
observed to provide & comparison with other foreign pariicles in
space where apprcpriate.

Description of test: Th: test device consisted of a wnlirty -
inch dizmeter, inflatable ba oricet 0 mylar,
aluminum foil materisl, each ; tnickness,

The balloon surface was divided into five equal-siced lunes of differ-
ent colers and surface Tinigh. These finishes were uncolored =..al-
aum foil, yellow flucrsscent Day-Glo, orargs fluior-scent D=y -Glo, fla-
white Tinisk, and & phosphore:cent coating (zee figure 5.7.1-1). The
balloon and inflating bottle vere rackeged In a cylindrical container
~Oceted In the antenna cannis er under the destskbilizer Tl=p.

U

The balloor. and inflatio:r bo z
pounds and the entire installsetion irnelud
approximately fivs pourds.

ti e we:

The bzliloon was deploved in
actuaving squib. A small comypress
and an inflation zottle from the c
block Iiners and che mylar discs. The

orbit at 01:38:00 by firing an
i en o’ected tae talloon

derical in shape and sbout € iaches anG 3 inches wide. They

were coated Day-Glo orange and black Pay-Glo yellow and black,

respectively. These myizr diz. ztad with slurinum folil on
: o

orie side and a difuze re 1 the other. Ths balloon

S

|.

=
L ==
was tethered to the carsule oy a 6-1b st nyion 1ine 100 feet in
length which was deployed frox a spirning reel, When the ballon had
been fully deployed, the line was entirely stripped Trom the reel
¥

but remained sttached to a swel! strain gage mounited in The bottom
of the balloon container. Cor-inuous strain £35S IIZASUrenments were
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to ne recorded ontoard the spacecraft until the drag test was completed.
The balloon was Then tc be Jettisoned and the rate and distance of
separation betweer the spacecraft and balloon were to ve estimated by
the astronaut.

However, the vtalloon d1d rot inflate completely and it did not
jettison. Therefcre, drag measurements and rate and distance of
separation of the ballcon from the spacecraft were not obtained.

Results: At bkalloon deploymert, the astronaut reporied seeing
the mylar discs spread out and quickly disappear. [His first impression
was that the balliocon mad troken free from the spacecraft; however, the
object he was tracking was one of the balsa olocks. IHe cbserved this
block for about 20 seconds, at which time the balloon carme into view,
and was only partially inflated.

These cheervaticns were verified by pictures taken by the astrc-
naut. During the towed phase, the Tollowing results were obtained
“raom astronaut crtservations, protographs, and The onboard dafta tape:

1. Pilot cormenis indicated that deployment occurred with tne
spacecraft near 0C-0°-0° sttitude. These attitudes cannct be
confirmed by onboard instrumentation, since the gyros were caged at
this time. Attitude retes vere noted in 211 three axes duiring
and after deployment, but the effect of these cannct be conclusively
determined.

2. Tre strain gage instrumentation ard the sguib-firicg system
appeared to work well. train-gage calibrations also checked well
with previous ground checks.

3. The ontcard tape indicated that in-and-out oscillaticns
occurred following deployment and spacecraft attitude changes.
Trese oscillaticns developed vecause of the inherent elasticity of
the balloon and nylen line. However, an annealled aluminum foil
shock absorber was included In the ejected system tc absorb most of
the residual energy cf the ejected balloon (see figure 1). Ground
cimulation tests showed That about 90 percent of the energy imparted
to the balloon during deplcyment was avsorbed.

4. Pilot comments and flight protographs showed Tnat the balloon
shape tended to be irregular and oblong, and appeared to be about &)
to 8 inches in cross section.
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5. Astronaut comments describved the balloon motion as veing
completely random in nature. These random moticns may nave been
caused by large changes 1n spscecraft attitude which ceccurred after
deployment. However, uneven eerodynamic loads whicn likely exis*ed
or. the irregular salloon shape would also be expected to contribute
to this random motion. Onboard comments by the astroraut déid
indicate, however, that during the portion of both the second ard
third orbital passs when dynaric pressure wes increasing, calioon
motiong tended to becore more stable.

&, Approxirately 35 minutes after balloon deployment, the
astronaut initiated a series <f large control maneuvvers to check
the spacecraft control system. The strain zage measurements indicated
that fouling of the tethering line oceurred durineg this pericd.
Tris conclusion is further sutstantizted by the fact that subsegquent
large spacecraft maneuvers wers not registered on the strain gage
system.

44}

[

T. At approximately 03.14:0C, tae astronaut attempied ballcon
Jettison, but the ballcon did not release from the spacecraf:i.
However, the onboard strain gaze recordirg indicated s dror in gage
output from the level it had ~=2id since probable fealing tc the
output level of the unlocaded zage. Although this drop constituted
a change of only 2 to 3% in gage output, it dces provide a positive
Indication that the jeztison sjuit fired ard that tne tethering
line was severed.

8. Only the Day-Glc oranze and thre unccated s _uminum foil
were visible tc the astronaut, and these were the only colors that
appeared in the photograpns. Toerefore, an effective evaluation
of the colors cou'd not e madsz on this flight.

Summary: Anelysis of the experizental results indicates that
toe valloon deployment, jettis:cn, and the instrumerntation systers
functioned satisfezctorily curiag flig-mt. Sirnce the ballccn failed
to inflate properly at deployrert, no useful drag and visual crservation
data were obtainec. High rates of change in spacecraft atti-ude
after balloon deployment, &s w=11l as the irregular snape of <ue
partiaily inflatec calloon, probably sccounted for the random moticn
of the balloon observed during flizht. Effective evgliaticn of tre
various colors was rot possibl: since only part of “he balloon
was exposed.
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Capsule seperation occursed at C0:05:12.8 after 1lift-off. The
liguid in the splere was firs: ovserved to move =t 20:05:14 and tre
capillary appear:zd to be compietely filled at OO 0006, During the
spacecralt turnaround maneuver, the liquid rema’rzd in the capillary.
It is difficult to read the clock on the fle, wlthough the miniscus
can be seen in tle capillary during the daylight portions of the
flight. At ro time did it apzear that the capillary miniscus was
lost because of attitude control operations.

Retrofire wes conducted “rom Y4:33:09.6 to 4:33:31.6, with
the capillary emptying at 4:33:13 uader .35 g acce_eration. The
liquid began to refill the ca>illary at 4:33:39 and azpeared to have

completed this at L:33:51. The capillary emptied =zt L:45:53 during
the reentry phase, which was after the 0.5-g point. The accurac, of
the onboard accelerometer is ot enough to obtain the g-loading that
caused the collarse of the misiscus

Maximum sngular accelera~ion of .0ll-g on pitch, .0055-g in yaw,
and .0033-g in roll during utilization of the reazction conzrol syster
was experienced during the fl:ght. Although the miniscus apveared
to move slightly under these angular accelerations, the level of the
miniscus to the standpipe apopeared to remain unchanged. The astro-
naut visually observed the exveriment at 3:19:43 hours, znd ae con-
firmed that the miniscus comp_etely filled the stan ripe and that no
oscillations of or bubbles irn the liquid were evident.

Results and conclusions: The —esults of the sxperiment fully
confirm classical capiilary-action theory and serve to complement the
regults of the Lewils Research Center drop-tower tests.

The ability 57 the capilisry to Jaiﬂ*afn 2 stable fluid position
during angular accelerations 'mocsed by the reaction conirol system
indicates that this method of ullage control is va.id wi<hin the
loading range involved. The -esults obtained 4du ing this =experimenrt
w_ll be extrapolated to other liquids, particularly propsll nts, in
accordance with tne genersl lews governing sachk specific fluid,
namely the surfacs tension, fluid texmperature, and <he caplliary tube
dismeter. espit:z the poor film detz quality resuliing from salt-
water erfects, th: resuilts of the zero-gravity exveriment have eri-
hanced and extend:d our krowledge of liguid behavior in a welghtless
environment.

Photographic studies.-

Horizon definizior: As
procedures for the Apoilo spa s
Institute of Techiology hzs reguested hat hs) otog*ﬁ“ be
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daylight horizon through a dusl Blus znd Red filter. It is desired

to obtain delinition of the earth-horizon iimb for arpiiecatior to
spacecraft navigatior systemr desigrn., Ezstman S0 130 film was used

for this purpose. This fiim was ‘ntended to provide a measure of the
intensity of light scattering as a function of wavelength and aliti-

tude. The pilot exrosed 26 frawes of useable guality, with some losses
during film change. Ons of these photographs is iliustrated in

figure >.7.3.1-2. A photometer analysis of the photographs 1ls under-

wey &t MIT, and results pertinent to the Apollo mission are expected soon.

Meteorologicsel: The Meteoro.ogical Satellite Laboratory of the
U. 8. Weather Burezu requested that the pillot take photographs using
Tri-X and infra-red ssnsitive film through a five filter unit. The
purpose of this exreriment was to obtain information on the best
wavelengths fcr meteorological sate_lite photogravhy. The film and
filter were taken aboard the spacecraft by the pilot. but time did
not permit completion of the experiment.

General coler pactograrhy: Thirty feet of Eastman color nega-
tive film was provided for the pileoi zo zz2ke color films of The sunlit
earth with the 3Imr hand-neld carera described in Ssction 7.2.

Photograrhs of the booster and talloon were taken to verify the
astronaut’s observations and provide informatior for sirulaticon
studies. TFourtzen pictur were taxen of the partiall, inflated
balloon, and fifteen fram ¢ of the launch vehicle were exposed.

Photographs of African and North American land masses were desired
by Paul D. Lowwan of the Thecretical Division of Goddard Space Fiight
Center. These were requested to tulld up & catalogue of photographs
of various physiograrhic features of the ezrth to be used as reference
material for studies of other planetzry surfaces and for detectioa of
meteorite impact features on the earth. The pilot took 13 frames
showing the Africar land mess, znd these were sent to Lowman for analysis.

Photographs of cloud formaticns are to bs used by scientists of
the U. S. Weather Bureau Meteorolcgical Satellite Laboratory 1n studiles
of weather formations and for comparison with Tiros data. Ninety-six
pnotographs showing cloud formaticns were obtalined., Most ol ihese
were clezsr and revealad interestirg clcud patternsg. These ars being
forwarded to the U, 3, Weather BRureau for analysis.

Theoreticz! caiculations indicate thst the sun should appesar
flattened ust before getting and just sfter rising. Protographs of
the sun a2t this tire were desired by John O'Keefe of the Theoretical
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Fhiysics Division of the Geodda-~d Space Flight Center. The pilot made
two excellent photographs of ~he sun at the horizozn, and these are
being forwarded > Goddard for evaluztion.

The color layers at the lorizon at sunset may provide informa-
tion as to the light trarnsfusion characteristics of the upper layer
of the atmosphere. John 0'Kszefe of Goddard has reguested these
photographs for tals purpose, =znd the pilot obtained 18 rphotograpts
of the sunset horizon.

Photographs were desired in oxder to derive information orn the
size, brightness, and speed of wotion of the particles which Glenn
reported. The pilot exposed 19 frames in an attempt to photogrzph
these particles. He appears to have been successful in at least
two frames. Several frames aypear to have the particles but they sre
not in focus.

5.7.4 Alr-glow layer observatlons.- During the third orpitael pess, the
pilot made s series of observations on a luminous tand visible around
the horizon at night, which wezs also reported by astronaut, Sohn CGlenn.
The most decisive observation was made with an air-glow filter
supplied by Mr. Lawrence Dunk=lmen of the Ceddard Space Flight Center.
The filter transm.ts a narrow tand of wavelengths, approximately 11
Angstrom units wide at the half power point and certered at the wave-
length of the strongest radiation of the night airgiow (5577 Angstrom).

Calculation hased on the pilet's observation that Phecda Ursze
Mzjoris (magnitude 2.5) was lo3t to sight at the brightest part of
the layer indicates that it is sbout 0 times as bright as =z wnite

surface 1llumineted by moonligat,

From star ovservations revorted on the onnoard tape, the densest
part of the 5577 layer can be calculzsted to be at = keight o 89 kilo-
meters, which is in good agreement with rocket measurezents.

The pilot dic. not note ans structures, =ither vertical or hori-
zontal, in this leyer. He did not attempt to observe it corpletely
arocund the hnorizor. ’ .

A remarkable feature of this ervation i1s Tze discrevancy te-
tween the pilot's eyve estimate. of uLOO in altitude above *the hori-
zon and thae results of timed g-ar observatioas on the other. The
latter indicates sltitudes of 2°-3°. It avpears that there is a
strong illusion tkat exaggerat:s angles near the horizorn, since
astronaut Glenn also reported ©-8° zs the helght of the “uminous
band. This phenoxenon 1s perhave comparatle o the we:l-known
iilusion which makes the moon ‘esm larger near the nor’zon.
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Ground-flare visibility experiment.- The ma or cbjectives of
this experiment were To dﬂtﬁrmwnp the capatvility of the astronsut

to observe a ground light of nigh intensity wk'L in orbit and to
evaluate visibility from the spacecralt at various ranges and slant
angles through the atmosphere. This experiment wzs 2150 Ilntended
to provide a guantitztive measure of atmospheric sttenuation of
light.

Description of the experiment: The experiment was conducted
using two items of equipment. The first of these items was a group
of ore-miliion-candiepcwer flares located near the Woomera tracking
station. A total of ten flares were to be used, four durirg the
first orbital pass and three during eacn succeeding pass. Each
flare had a2 buraning time of approximately one and one-halfl minutes.
These flares were scheduled to be Ignited in series spproximately
8ixty seconds apart, with the first flare ignition occuring near
the voint of closest approach of the sp cecraft to the station. The
second item of equipment Lo be used inflight consisted of a rhoto-
meter 4" in diameter, +£" thick and 4.3 oz. in weight. The photometer
filter varied from 0.l neutral density (20.4% ight reduction) to
3.8 neutral density (99.98% light reduction)°

Results: 0Oa the Iirst psss over Australis, four flares were
ignited simultaneously. However, becazuse of the extensive cloud
cover (approx1mately elight-ternths at 3=0C0O feet), the fiares were not
visible to the astronaut. Therefore, the experiment was discontinusd
for the remsinder of the mission and rno results were obtained.
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