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NOTICE

Unless otherwise specified, zero time (T-0) for all data in this
report is referenced to "Range zero" which is the first integral second
of Range time prior to "lift-off." Lift-off is the instant of Saturn
Instrument Unit umbilical disconnect.
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1.0 MISSION SUMMARY

Mission AS-202 was successfully accomplished using Apollo space-
craft 011 and an uprated Saturn I launch vehicle. The unmanned space-
craft was launched from launch complex 34, Cape Kennedy, Florida, on
August 25, 1966, at 12:15 p.m. e.s.t.

Apollo spacecraft Oll was essentially a Block I type configu-
ration, consisting of a spacecraft lunar-module adapter (s14), a
service module (SM), a command module (CM), and a launch-escape
subsystem (LES). The major differences between spacecraft 011 and
the Block I configuration were: +the omission of couches, crew equip-
ment, and cabin postlanding ventilation; and the addition of three
auxiliary batteries, mission control programmer, four cameras, and
flight qualification instrumentation.

The uprated Saturn I two stage launch vehicle, consisting of
stages S-IB and S-IVB and an instrument unit, performed satisfactorily.
First-stage ignition, lift-off, programmed roll and pitch, and cutoff
were executed as planned. Separation and second-stage ignition were
as planned, followed by a nominal launch-escape tower and boost
protective cover jettison at T+170.5 seconds.

Second-stage cutoff occurred at T+588.5 seconds, 13.8 seconds
earlier than predicted. Command and service module (CSM)/SLA/S-IVB
separation occurred successfully at T+598.7 seconds. The trajectory
at separation was near nominal with only minor deviations.

The spacecraft structure performed as required during the launch
phase snd throughout the remainder of the mission, with no adverse
structural vibrations or structural loadings occurring.

The unified S-band (USB) spacecraft - Manned Space Flight Network
signal levels were lower than predicted, especially at the Merritt
Island launch area site. As a result, USB did not provide continuous
telemetry and voice data during the initial powered phase. Ground
station problems also resulted in partial loss of data at Carnarvon.

Following separation, the guidance and navigation subsystem
(G & N) oriented the spacecraft for the first service propulsion
subsystem (SPS) burn, which was initiated at T+609.7 seconds. Upon
attainment of the proper velocity increment, the first burn was
terminated at 825.6 seconds. Following engine cutoff the spacecraft
was reoriented with the CM apex toward the earth (local vertical)
and maintained this attitude for approximately 2000 seconds. During
this coast period, an apogee of 617 nautical miles was attained at
T+24Th seconds.
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Following the coast period, the spacecraft was reoriented for the
second SPS burn, which was initiated at T+3956.1 seconds. Upon
achievement of the proper trajectory conditions, the second burn was
terminated by the G & N at T+4OLL.5 seconds. Two additional burns of
3-second duration, initiated at T+LOS54.5 seconds and T+L067.5 seconds,
were accomplished as planned.

The environmental control subsystem (ECS), as installed in space-
craft 011, performed satisfactorily with the exception of the glycol
evaporator. The evaporator did not function from T+8L0 to
T+4080 seconds, thereby allowing the outlet temperature to exceed
75° F. No other spacecraft equipment was affected adversely by this
condition.

The electrical power subsystem (EPS) performed satisfactorily
throughout the mission, with the exception that the condenser exhaust
temperature on the fuel cells approached maximum limits.

Orientation of the spacecraft for CM/SM separation was initiated
at T+L4188.2 seconds and separation occurred at T+L264.0 seconds.
Although no physical separation indication was received by ground
stations, separation did occur satisfactorily.

Following separation, the CM was oriented to the entry attitude.
Entry was initiated with a space-fixed velocity of 28 512 ft/sec at
T+4348.0 seconds. Spacecraft communications blackout began at
T+4416.0 seconds and lasted until T+5008.0 seconds.

During entry, spacecraft attitude was controlled to provide a
skip trajectory resulting in a double-peak heating-rate history. The

CM was subjected to an initial maximum heating rate of 83 Btu/fte/sec
followed by cooling to 19 Btu/ftz/sec, and a second peak of

43 Btu/ft2/sec. The entry heat load was approximately 20 000 Btu/ft2 as
planned. The CM structure and heat shields performed adequately in
the entry environment with no adverse effects.

Forward heat shield jettison, drogue parachute deployment, and
main parachute deployment occurred as planned. The CM landed undamaged,
upright in the stable I attitude at T+5582.2 seconds, 7.5 seconds
later than the preflight prediction.

Upon landing, the main parachutes were disconnected, and the
recovery aids deployed and operated satisfactorily.

The point of splashdown was 16°07'N latitude and 168°S4'E longi-
tude, approximately 200 miles uprange southwest of the recovery ship,
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due to lower spacecraft lift-to-drag ratio and steeper reentry flight-
path angle than predicted. The spacecraft was sighted at

2:24 p.m. e.s.t. by recovery aircraft. The spacecraft was aboard the
recovery ship at 10:17 p.m. e.s.t. (10 hours 2 minutes after lift-off).

Postflight tests were conducted for the evaluation of subsystem
performance and for the resolution of mission anomalies.

Spacecraft anomalies which occurred during the flight had no
adverse effect upon the accomplishment of the mission. The Mis-
sion AS-202 spacecraft test objectives for the ECS, EPS fuel cell
temperature control, and USB communications subsystem were not
completely satisfied. All other spacecraft test objectives were
successfully accomplished.

There were no experiments flown on Apollo Mission AS-202.






2.0 INTRODUCTION

Mission AS-202 (Apollo spacecraft 011l) was the second flight test
of a production Apollo Block I type spacecraft utilizing the uprated
Saturn I launch vehicle. This was an unmanned suborbital flight.
Lift-off from launch complex 34, Cape Kennedy, Florida, occurred at
12:15 p.m. e.s.t. (17:15 G.m.t.) August 25, 1966. The spacecraft com-
mand module (CM) landed safely in the primary landing area in the south-
west Pacific near Wske Island, approximately 1 hour 33 minutes later
(18:48 G.m.t.), and was recovered as planned.

The major spacecraft mission objectives were to demonstrate the
structural integrity and compatibility of the spacecraft/uprated
Saturn I configuration, to verify subsystem operation, and to evaluate
the spacecraft heat shield performance during a high heat load reentry.
The complete test objectives and the degree of accomplishment are pre-
sented in section 3.0 of this report. The times of major mission events
are given in table 2.0-I, and the mission profile is presented in fig-
ure 2.0-1.

This report includes an evaluation of the mission, a summary of
the launch vehicle performance, and an analysis of the spacecraft per-
formance on the basis of flight test data and results of completed
postflight tests. Results of analyses and postflight testing not
available for this report will be contained in a supplement.

Prior to Mission AS-202, two other production-type spacecraft and
10 boilerplate-type spacecraft had been flight tested (see inside
front cover); all were unmanned. The results of the missions, which
included functioning spacecraft subsystems, have been presented in
mission or postlaunch reports (refs. 1 to 9).

Unless otherwise specified, zero time (T-0) for all data in this
report is referenced to range zero, which is the first integral second
before lift-off. (Lift-off is the instant of umbilical disconnect of
the launch vehicle instrument unit.)

In this report, the mission phase between insertion and reentry
is described as "suborbital flight" or the "suborbital flight phase"
of the mission, since, with the combination of true orbital apogee
and perigee neither planned nor achieved for this mission, the term
"syborbital flight'" applies rather than "orbital phase."
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TABLE 2.0-I.- MISSION EVENTS

Range time, sec

Difference,
(actual minus

Event .
Nominal | Actual nominal),
sec
Range zero 17:15:32 G.m.t.
First motion 0.5 0.7 g.2
Lift-off 0.7 0.9 0.2
OECC kL6 1L3.5 -1.1
S-IB/S-IVB separation 155.2 14k, 2 ~1.0
S-IVB ignition 1L46.7 1h5.6 -1.1
LES jettison 170.7 170.5 -0.2
S-IVB cutoff 602.3 588.5 -13.8
RCS direct ullage on 610.8 597.0 -13.8
S-IVB/CSM separation €12.5 598.7 -13.8
+X translation on 613.3 600.0 -13.3
Start maneuver for first SPS burn 616.0 603.6 -12.4
SPS on (first burn) 623.3 609.7 -13.6
SPS off (first burn) 8h1.1 825.6 -15.5
Start maneuver to local vertical 848.9 837.1 -11.8
Apogee 2478.0 2474.0 )
+X translation on 3941.6 3926.1 -15.5
SPS on (second burn) 3971.6 3956.1 -15.5
SPS off (second burn) Lo61.2 4okk,s -16.7
SPS on (third burn) 4071.2 Los5L.5 -16.7
SPS off (third burn) hoTh.2 4057.5 -16.7
SPS on (fourth burn) Lo8k.2 4067.5 -16.7
SPS off (fourth burn) 4087.2 4070.5 -16.7
Start maneuver to CM/SM separation attitude 4203.2 4188.2 -15.0
CM/SM separation k273, Y L26kh.0 -9.4
Start maneuver to entry attitude L280.8 Loto.2 -8.6
Entry L358.4 L348.0 ~10.4
Begin blackout L418.7 Lhi6.0 -2.7
0.05¢g 4h35.1 LL26.9 -8.2
Fnd blackout 5010.8 5008.0 -2.8
Forward heat shield jettison 5196.1 5218.3 22.2
Drogue parachute deployment 5197.1 5219.9 22.8
Main parachute deployment 5247.8 5268.2 20,4
Splashdown 55Th.7 5582.2 7.5
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3.0 TEST OBJECTIVES*

The spacecraft objectives for Mission AS5-202 are listed below.
The degree of accomplishment for each objective is indicated in the
listing of the detailed test objectives.

General test objectives.-

Primary test objectives:

(a) Demonstrate structural integrity and compatibility of the
launch vehicle and spacecraft and confirm launch loads.

(v) Demonstrate separation of the S-IVB/IU from the S-IB, the
LES and boost protective cover from the CSM/SLA/LV (nominal mode),
the CSM from the S—IVB/IU/SLA, and the CM from the SM.

(c) Verify operation of the following subsystems:

(1) Launch vehicle: propulsion, guidance and control, and
electrical subsystems.

(2) Spacecraft: CM heat shield (adequacy for entry from low
earth orbit), service propulsion subsystem (SPS) (including multiple
restart), guidance and navigation (G & N), environmental control
subsystem (ECS) (pressure and temperature control), communications
(partial), CM reaction control subsystem (RCS), SM RCS, stabilization
and control subsystem (SCS), earth landing subsystem (ELS), and
electrical power subsystem (EPS).

(d) Evaluate the space vehicle emergency detection subsystem
(EDS) in closed-loop configuration.

(e) Evaluate the heat shield at high heat load during entry at
approximately 28 000 ft/sec.

(f) Demonstrate the mission support facilities required for
launch, mission operations, and CM recovery.

Secondary test objective: The secondary test objective for AS-202
is to determine subsystem performance other than the minimum required
to demonstrate manned orbital capability.

#See update of Mission Requirements for AS-202, Memo No. PM2-M158
dated August 22, 1966,



Detailed test objectives.-

Primary test objectives:

(a) Demonstrate structural integrity
and compatibility of the launch vehicle
and spacecraft, and confirm launch locads,
including:

(1) Demonstrate compatibility
and structural integrity of CSM-Saturn IB.

(2) Determine structural
loading of the spacecraft adapter when

subjected to the Saturn IBl launch
environment.

{(v) Demonstrate separation of the
S-IVB/IU from the S-IB, the LES and BPC
from the CSM/SLA/LV (nominal mode), the
CSM from the S-IVB/IU/SLA, and the CM
from the SM.

(c) Verify operation of the
following spacecraft subsystems: CM heat
shield (adequacy for entry from low earth
orbit), SPS (including multiple restart),
G & N, ECS (pressure and temperature
control), communications (partial),

CM RCS, SM RCS, SCS, ELS, and FPS,
including:

(1) Determine CM adequacy for
manned entry from low earth orbit.

(2) Demonstrate multiple SPS
restart (at least 3 burns of at least
3-second duration at 10-second intervals).

(3) Determine performance of
G & N subsystem, SCS, ECS (pressure and
temperature control), EPS, CM RCS, SM RCS,

Mission accomplishments:

Satisfactorily demon-
strated; objective
accomplished.

Loading determined;
objective accomplished.

Satisfactorily demon-
strated; objective
accomplished.

Adequacy determined;
objective accomplished.

Multiple restart demon-
strated; objective
accomplished.

Satisfactory performance
and adequacy for a
manned orbital mission

lSaturn IB refers to the uprated Saturn I launch vehicle.



Primary test objectives:

communications (partial), and their ade-
quacy for a manned orbital mission.

(4) Demonstrate operation of
the parachute recovery subsystem and
recovery aids following entry.

(5) Evaluate G & N performance

during boost and closed-loop entry.

(6) Verify S-band communica-
tions operations for turnaround ranging
mode and downlink modes (PCM telemetry
and simulated voice).

(7) Verify SPS standpipe fix
(minimum of 198 seconds of SPS burn
required).

(8) Verify astrosextant
thermal protection subsystem.

3-3

Mission accomplishments:

were determined for the
G & N subsystem, SCS,

CM RCS, SM RCS, com-
munications, and for the
EPS except for the high
fuel cell condenser out-
let temperatures. prior
to Mission AS-202, the
equipment and system
associated with the
problems encountered
with the ECS and fuel
cell temperature control
were superseded by newer
designs for Mission
AS-202. Objective par-
tially accomplished.

Satisfactorily demon-
strated; objective
accomplished.

Performance evaluated;
objective accomplished.

Genersl unified S-band
(USB) spacecraft -
Manned Space Flight Net-
work subsy.stem operation
was verified. Detailed
performance evaluation
was only partially
accomplished due to low
signal strengths during
initial powered flight
phase and ground station
operational problems at
Carnarvon.

Standpipe fix verified;

objective accomplished.

Subsystem verified;
objective accomplished.



Primary objectives:

(d) Evaluate the space vehicle EDS
in closed-loop configuration.

(e) Evaluate the heat shield at
high heat load during entry at approx-
imately 28 000 ft/sec, including the
thermal performance of the CM heat shield
ablator during a high heat load
(20 000 Btu/sq ft) entry.

(f) Demonstrate the mission support
facilities required for launch, mission
coperations, and CM recovery.

Secondary test cobjective:

The detailed secondary test
objective for Mission AS-202 is to
determine subsystem performance other
than the minimum required to demonstrate
manned orbital capability including:

(a) Determine long duration
(approximately 200 seconds) SPS per-
formance, including shutdown
characteristics.

{(b) Obtain data on SPS
engine burn stability.

Mission accomplishments:

Subsystem evaluated;
objective accomplished.

Heat shield performance
during 20 000 Btu/sq ft
entry evaluated; objec-
tive accomplished.

Satisfactorily demon-
strated; objective
accomplished.

Mission accomplishments:

Performance and shutdown
characteristics deter-
mined satisfactorily;
objective accomplished.

Satisfactory data
obtained; objective
accomplished.
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4.0 SPACE VEHICLE DESCRIPTION

The AS-202 space vehicle consisted of an uprated Saturn I launch
vehicle and an Apollo Block I type spacecraft. The launch configu-
ration is indicated in figure 4.0-1.
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4.1 Spacecraft Description and Mass Properties

Spacecraft description.- Apollo spacecraft command and service
module (CSM) 011 was a Block I unmanned configuration consisting of a
launch escape subsystem (LES), command module (CM), service module
(sM), and spacecraft lunar module adapter (SLA) as indicated in
figure 4.1-1. Detailed spacecraft design requirements and configura-
tion are set forth in references 10 and 11. A brief description of
these modules is provided below.

Launch-escape subsystem: The LES provided abort capability to
remove the CM from the space vehicle for any abort required from the
launch pad through launch vehicle second-stage thrust stabilization.
The LES was Jettisoned and propelled from the space vehicle during the
mission launch phase on command from the launch vehicle.

The LES consisted of solid propellant rocket motors, associated
structural attachments, and release devices. It also contained a
boost protective cover to protect the exterior CM surface from boost
heating and a Q-ball to provide flight safety aerodynamic data to the
space vehicle emergency detection subsystem (EDS).

Command module: The CM provided a habitable enviromment for a
spacecraft crew in all mission phases and contained equipment for con-
trolling the execution of all spacecraft functions and maneuvers.

CSM 011 was unmanned and sequences were performed by an onboard mis-
sion control programmer (MCP).

The CM consisted of an inner pressurized compartment surrounded
by a conical ablative heat shield. The pressurized compartment con-
tained life support and cooling equipment; guidance, navigation, and
gtabilization controls; electrical power, communications, and instru-
mentation equipment; and displays and controls for all spacecraft sub-
systems. The area between the heat shield and pressure compartment
contained a thruster system for entry attitude control and a parachute
subsystem for controlling CM descent velocity.

Service module: The SM provided a reservoir of energy for space-
craft propulsive maneuvers and electrical power prior to entry. It
contained a rocket propulsion subsystem for major delta V maneuvers, a
thruster subsystem for spacecraft attitude control, an electrical power
generation subsystem (fuel cells and reactants), and radiators for
spacecraft equipment heat rejection. The SM was separated from the
CM prior to the mission entry phase.
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Spacecraft lunar module adapter: The SLA provided a structural
transition between the CSM and launch vehicle, and would support the
lunar module (LM) during the mission launch phase. Mission AS-202 did
not include an LM, and bracing was used in its place to maintain SLA
structural rigidity.

The SLA was a truncated conical shell composed of four panels
hinged at the base. At CSM/SLA separation, these panels were separated
by explosive charges and forced outward.

CSM 011 configuration differences: The differences between the
CSM 011 and the Block I manned spacecraft were due primarily to the
CSM 011 being ummanned. The significant differences were:

(a) Omission of couches and crew equipment/instrumentation.

(b) Omission of certain waste management items.

(c) Omission of postlanding ventilation valves.

(4) Addition of three auxiliary batteries.

(e) Addition of mission control programmer.

(f) Addition of four CM motion picture cameras and an SLA
television camera.

(g) Addition of flight qualification instrumentation.

CSM 011 first flight-test items: The following subsystems and
major components were included on a flight test for the first time:

(a) Guidance and navigation subsystem

(b} Tuel cells and reactants subsystem

(¢) Mission control programmer (different from AS-201)

(d) Service propulsion propellant gaging subassembly

(e) Modified service propulsion propellant-tank standpipes
(f) Dual mode LES separation subsystem (frangible nut)

(g) Augmented forward heat shield separation subsystem (drag
parachute)
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(h) Astrosextant passive thermal protection subsystem
(i) S-band communications equipment

(3) Gas chromatograph and carbon-dioxide sensor

(k) Closed-loop emergency detection subsystem

(1) Flight director attitude indicator (FDAI)

(m) Electrical power subsystem (EPS) and environmental control
subsystem (ECS) radiators

Mass properties.— Mass properties for spacecraft 011 for Mis-
sion AS-202 are summarized in table 4.1-I. Weights and centers of
gravity for each module were measured prior to stacking. Changes
accomplished prior to launch were monitored and measured data revised
as required. The mass properties of the ring retained with the SM
following separation from the adapter were calculated. The weight and
centers of gravity of the complete adapter were measured.

Spacecraft mass properties at launch shown in table 4.,1-T did not
vary significantly from the predicted values used for trajectory calcu-
lations. Command module weight was increased as a result of a camera
system installation, astrosextant door modifications, forward heat
shield drogue parachute installation, and other minor changes. Pro-
pellant requirements were reduced consistent with the decision to load
the sump tanks only. Additional minor changes in SM and tanked pro-
pellant weights resulted from detailed definition of weights and
locations of trapped and residual propellant. Some fuel was inadvert-
ently loaded in the storage tank, of which approximately 22 pounds
could not be removed prior to launch. Other expendable loadings did
not vary from the predicted values; however, the CM ECS potable water
tank was drained during the countdown procedure. As a result, the
actual amount of water in the tank at launch and during the flight was
less than predicted.

Postrecovery weight and balance tests were performed to verify the
accuracy of the CM center-of-gravity locations as a process of investi-
gation of factors that could have contributed to a low lift-to-drag
ratio. The weight and center-of-gravity locations of the CM were
measured at the contractor's Downey facility.

Spacecraft body axes are indicated in figure L.1-2 (also see
ref. 12).



4.2 Launch Vehicle Description

The uprated Saturn I launch vehicle consisted of an S-IB stage,
S-IVB stage, and instrument unit.

S-IB stage: The S-IB stage consisted of a tail section, a propel-
lant container section, and a spider beam assembly.

The tail section supported the vehicle on the launch pedestal and
contained eight H-1 engines uprated to 200 000 pounds of thrust. It
consisted of a thrust structure, eight fins, a shroud, actuation con-
trols, and the eight H-1 engines. Eight fins were spaced L5 degrees
apart around the circumference of the shroud. The four inboard engines
were installed in the pitch and yaw planes of the vehicle and were
canted 3 degrees radially outboard. The four outboard engines are
installed in planes 45 degrees from the pitch and yaw axis of the
vehicle and are canted 6 degrees radially outboard and gimbal +8 de-
grees to provide thrust vector control for trajectory guidance.

The propellant container section consisted of nine propellant
tanks. Eight of these were 70 inches in diameter and were mounted in
a circular pattern around a 105-inch-diameter liquid oxygen (LOX) tank.
Four of the eight TO-inch tanks contained LOX and the others contained
fuel (RP-1) arranged alternately.

The spider beam assembly consisted of eight aluminum I beams
radiating from a central hub and an outer ring to stabilize the radial
beams. It provided forward attachment points for the propellant tanks,
structural integrity for the forward portion of the S-IB stage, mount-
ing for high-pressure nitrogen and helium storage spheres, and for a
field splice to the S-IB/S-IVB interstage.

S-IVB stage: The S-IVB stage included an aft interstage, an aft
skirt, a divided propellant container, and a forward skirt.

The aft interstage provided structural attachment between the
S-IB and S-IVB, and provided mounting for the four solid propellant
retro-motors.

The aft skirt structure was attached to the aft end of the pro-
pellant container and provided mounting hardware for the three solid
propellant ullage motors to settle propellants for the J-2 engine start.
It also included two attitude control modules, each of which contained
three 150-pound thrust hypergolic rocket engines.
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The propellant container was an internally insulated cylinder with
hemispherical bulkheads at each end. An internal hemispherical bulkhead
with the concave side facing aft divided the propellant container into
an aft section for LOX storage and a forward section for liquid hydrogen
storage.

The forward skirt was a cylindrical structure which was attached to
the forward end of the propellant container and supported the instrument
unit and the Apollo spacecraft paylcad.

A single J-2 rocket engine of 200 000-pound nominal vacuum thrust
was mounted on the thrust structure on the centerline of the 5-IVB stage.
The engine could gimbal +7 degrees in a square pattern to provide thrust
vector control.

Instrument unit: The instrument unit was a cylindrical structure
which provided for systems hardware support and transmitted the flight
loads between the Apollo spacecraft and the 5-IVB stage. Systems con-
tained within the instrument unit included command guidance and control,

tracking, telemetry, power supply and distribution, and environmental
control.
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5.0 FLIGHT TRAJECTORY

5.1 Summary of the AS-202 Flight Trajectory Profile

The trajectory of AS-202 was essentially as planned with the excep-
tion of the entry phase. Targeted parameters were met by the launch
vehicle and command and service module first and second service propul-
sion system burns (section 7.11). The event times were earlier than
planned, as the spacecraft timing sequence was initiated by S-IVB sepa-
ration command which occurred 13.8 seconds early due to higher than
expected performance of the launch vehicle. This overperformance was
caused by a fuel-oxidizer ratio shift in the S-IVB which occurred later
than planned. Based on the aircraft long range navigation (LORAN) fix
(section 9.3), the spacecraft landed 205 nautical miles uprange from
the planned point. This is attributed to a lift-to-drag ratio of 0.28
(section 6.0), as compared with the planned ratio of 0.33 + 0.0k, and
a slightly steeper than planned flight-path angle (yi)at entry inter-

face (Y3 = -3.53 versus the planned value of -3.L48).

Comparisons of actual data with planned data for significant events
are presented in table 5.1-I. Figure 5.1-1 is a ground track of the
AS-202 trajectory. Figures 5.1-2 through 5.1-5 present comparisons of
time histories of selected parameters for the launch, midcourse, and
entry phases of the flight.



W
'
n

TABLE 5.1-I.- COMPARISON OF PLANNED AND ACTUAL TRAJECTORY PARAMETERS,

Mission AS-202

Condition Planned Actual
S-IB outbocard engine cutoff
Time from range Zero, SEeC .« .+ + « « « o 14k, 6 143.5
Time from range zZero, Min:sec . . . . . . 2:24.6 2:23.5
Geodetic latitude, deg:min North e e - 28:23 28:24
Longitude, deg:min West e 79:59 80:00
Albitude, f£ + « v v o v o e e e e e e . 182 511 191 059
Altitude, Do mi. .+ .+ v . v e e e e e e 30.0 31.L
Range, n. mi. .+ . « « « + « . . . . 30.0 30.k
Space-fixed velocity, ft/sec . . . . . . . 7 2Lk 7 317
Space-fixed flight-path angle, deg . . . 25.54 26.43
Space-fixed heading angle, deg
East of North . . . . . . . . . .. . 102.14 101.83
LES Jettison
Time from range zero, sec . . . . . . 170.7 170.5
Time from range zero, min:sec . . . . . . 2:50.7 2:50.5
Geodetic latitude, deg:miq{North . .. 28:17 28:17
Longitude, deg:min West L e e 79:3k 79:34
ALtitude, P& « v v v e e e e e 256 76k 271 400
Mtitude, n.mi. . . . .. 0. L. . u2.3 Lk, 7
Range, n. Mic « ¢« ¢ v v v ¢« o s o o o o o 52.9 54,2
Space-fixed velocity, ft/sec . . . . . . 7 L11 7 hol
Space-fixed flight-path angle, deg . . . . 20:76 21.L4h
Space-fixed heading angle, deg
Fast of North . . . . . . . - 102.54 102.30




TABLE 5.1-I.- COMPARISON OF PLANNED AND ACTUAL TRAJECTORY PARAMETERS,

MISSION AS-202 - Continued

N

Condition Planned Actual
S-IVB cutoff

Time from range zero, sec e . N 602.3 588.5
Time from range zero, min:sec . . e . 10:02.3 9:48.5
Geodetic latitude, deg:min North . e 23:39 23:47
Longitude, deg:min West . . . .. e e 65:31 65:53
Altitude, ft . . . . . . . . . . .. 712 966 712 708
Altitude, n. mi. . 117.3 117.3
Range, n. mi. . A .. 861.4 8Lo.T
Space-fixed velocity, ft/sec . 22 308 22 310
Space-fixed flight-path angle, deg . . . 4.00 3.99
Space-fixed heading angle, deg

East of North . . . . . . . . el 111.99 111.84

S-IVB/CSM separation

Time from range zero, sec . . . 612.5 598.7
Time from range zero, min:sec . . . 10:12.5 9:58.7
Geodetic latitude, deg:min North . . 23:26 23:33
Longitude, deg:min West . . .. 6k4:58 65:19
Altitude, ft . . . . . . . . .. . . .. 728 412 728 09k
Altitude, n. mi. . . .. 119.9 119.8
Range, n. mi. e e 895.6 874.8
Space-fixed velocity, ft/sec . . 22 305 22 310
Space-fixed flight-path angle, deg . . 3.83 3.82
Space-fixed heading angle, deg

East of North . . . . . . . .. e 112.24 112.08




TABLE 5.1-I.- COMPAKISON OF PLANNED AND ACTUAL TRAJECTORY PARAMETERS,

MISSION AS-202 - Continued

Cordition Planned Actual
First SPS ignition

Time from range zero, sec 623.3 609.7
Time from range zero, min:sec . . . . . 10:23:3 10:09.7
Geodetic latitude, deg:min North . 23:11 23:19
Longitude, deg:min West 6L:23 6L:4L3
Altitude, ft Th3 793 Thl 311
Altitude, n. mi. 122.4 122.5

Range, no. mi. -— -
Space-fixed velocity, ft/sec 22 287 22 297
Space-fixed flight-path angle, deg . . . . 3.64 3.58

Space-fixed heading angle, deg
East of North Ce 112.48 112.35
First SPS cutoff (+0.8 sec for tailoff)

Time from range zero, sec 841.9 826.4
Time from range zero, min:sec 14:01.9 13:46.4
| Geodetic latitude, deg:min North . 17:27 17:k42
Longitude, deg:min West . . . . . . . . . 52:05 52:32
Altitude, ft 1 113 685 1 110 106
Altitude, n. mi. e e e e e e e e 183.3 182.7

Range, n. mi. . . . . . . « .. . . ... - -
Space-fixed velocity, ft/sec 25 Lg2 25 501
Space~fixed flight-path angle, deg . 5.68 5.71

Spa;e—fixed heading angle, deg

East of North . . . . . .. 116.67 116.L2




TABLE 5.1-1.- COMPARISON OF PLANNED AND ACTUAL TRAJECTORY PARAMETERS,

MISSION AS-202 - Continued

Condition Planned Actual
Apogee

Time from range zero, sec 2 478 2 L7k
Time from range zero, min:sec 41:18 Li:1k
Geodetic latitude, deg:min South . 26:38 26:35
Longitude, deg:min East . 26:21 26:28
Atitude, ft . « « « ¢« . . - . 3 727 322 3 Th9 571
Altitude, n, mi. . 613.4 617.1
Range, n. mi. . —_ _
Space-fixed velocity, ft/sec . . . 22 681 22 664
Space~-fixed flight-path angle, deg . . . 0.00 0.00
Space-fixed heading angle, deg

East of North e e 107.58 107.55

Second SPS ignition

Time from range zero, sec . . . . 3 971.6 3 956.1
Time from range zero, hr:min:sec . 1:06:11.6 1:05:56.1
Geodetic latitude, deg:min South . .. 18:18 18:37
Longitude, deg:min East . . . 112:50 112:12
Altitude, ft . . . . « v « « . . . . 1 478 215 1 500 586
Altitude, n. mi. . 2h3.3 247.0
Range, n. mi. _ _—
Space-fixed velocity, ft/sec 25 092, 25 071
Space-fixed flight-path angle, deg . -5.75 -5.8L4
Space-fixed heading angle, deg

East of North e . 63.92 64.11




D=6

TABLE 5.1-I.- COMPARISON OF PLANNED AND ACTUAL TRAJECTORY

MISSION AS-202 - Continued

PARAMETERS,

Condition Planned Actual
Second SPS cutoff (+0.8 sec for tailoff)
Time from range Zero, Sec . . . . . .« . . 4 062.0 4 0obs.3
Time from range zero, hr:min:sec . . . . 1:07:12 1:07:25.3
Geodetic latitude, deg:min South . . . . 15:33 15:55
Longitude, deg:min East . . . . . . . . 118:06 117:28
Altitude, ft . . . . . . . . . . ... 1 212 819 1 226 211
Altitude, n. mi. . . . . . . . . . ... 198.0 201.8
Range, n. mi. e e e e e e e e e e — -
Space~-fixed velocity, ft/seec . . . . . . 27 L82 27 443
Space-fixed flight-path angle, deg . . . -7.31 -7.35
Space-fixed heading angle, deg
East of North . . . . . . . .. . .. 62.31 62.62
Third SPS ignition
Time from range zero, S€C . . . . « . . . L o71.2 L osk.s
Time from range zero, hr:min:sec . . . . 1:07:51.2 1:07:3L.5
Geodetic latitude, deg:min South . . . . 15:14 15:39
Longitude, deg:min East . . . . . . . . . 118.%0 117.57
Altitude, £ o v v v v v o e e e e . 1 171 000 1 198 083
Altitude, n. mi. . . . . . . .. . ... 192.7 197.2
Range, n. mi. et e e e e e e e e e e - -
Space-fixed velocity, ft/sec . . . . . . 27 520 27 L77
Space-fixed flight-path angle, deg . . . -7T.21 -T.27
Space-fixed heading angle, deg
East of North . . . . . .. - 62.15 62.18




TABLE 5.1-I.- COMPARISON OF PLANNED AND ACTUAL TRAJECTORY PARAMETERS,

MISSION AS-202 - Continued

5-7

Condition Planned Actual
Third SPS cutoff (+0.8 sec for tailoff)

Time from range Zero, S€C . . « +« « « « + . 4 075.0 4 058.3
Time from range zero, hr:min:sec 1:07:55.0 1:07:38.3
Geodetic latitude, deg:min South . 15:07 15:31
Longitude, deg:min Bast 118.54 118.11
Altitude, ft . . . . . . . . . .. 1 157 703 1 184 059
Altitude, n. mi. e 190.5 19k.9
Range, n. mi. . . . . « . « .+ . . - -
Space-fixed velocity, ft/sec 27 618 27 576
Space-fixed flight-path angle, deg . -7T.22 -7.29
Space-fixed heading angle, deg

East of North N 62.09 62.h1

Fourth SPS ignition

Time from range zero, Se€C . . . « « . . 4 o8L.2 4 067.5
Time from range zero, hr:min:sec . . . 1:08:04.2 1:07:47.5
Geodetic latitude, deg:min South . 1h:ly 15:11
Longitude, deg:min East . . 119.29 118:48
Altitude, ft . . « « v v 4 v v v e e e e 1 124 626 1 149 105
Altitude, n. mi. e e e e e e e e e e 185.1 189.1
Range, n. mi. - -
Space-fixed velocity, ft/sec 27 656 27 624
Space-fixed flight-path angle, deg . -7.12 -7.18
Space-fixed heading angle, deg

East of North . . . . . . . .. 61.93 62.24
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TABLE 5.1-I.- COMPARISON OF PLANNED AND ACTUAL TRAJECTORY PARAMETERS,

MISSION AS-202 - Continued

Condition Planngd Actual
Fourth SPS cutoff (+0.8 sec for tailoff)
Time from range zerc, sec 4 088.0 4 o71.3
Time from range zero, hr:min:sec .. 1:08:08.0 1:07:81.3
Geodetic latitude, deg:min South .. 1b:k41 15:04
Longitude, deg:min East . 119:k41 119:03
Altitude, ft . . . . . . . . . 1 112 903 1 135 166
Altitude, n. mi. . 183.2 186.8
Range, n. mi. . - -
Space-fixed velocity, ft/sec . 27 755 27 719
Space-fixed flight-path angle, deg . . -7.11 -7.19
Space-fixed heading angle, deg
East of North . e e .. 61.90 62.17
CM/SM separation
Time from range zero, sec . L 2713.4 L 264
Time from range zero, hr:min:sec 1:11:13.4 1:11:04
Geodetic latitude, deg:min South T:52 8:08
Longitude, deg:min East . . 131:07 130:kg
Mtitude, ft . . . . . 570 838 571 949
Altitude, n. mi. X 9k.0 ok.1
Range, n. mi. - -
Space-fixed velocity, ft/sec . 28 329 28 315
Space-fixed flight-path angle, deg . -4.68 -4, 71
Space-fixed heading angle, deg
East of North . . . . . . .. C o 59.47 59.6k4




TABLE 5.1-I.- COMPARISON OF PLANNKED AND ACTUAL TRAJECTORY PARAMETERS,

MISSION AS-202 -~ Concluded

Condition . Planned Actual
Entry interface

Time from range zero, sec . . L 358.4 L 348
Time from range zero, hr:min:sec . 1:12:58.4 1:12:28
Geodetic latitude, deg:min South . 4:36 4:50
Longitude, deg:min East . . 136:15 136:00
Altitude, ft .. 400 000 Loo 000
Altitude, n. mi. 65.8 65.8
Range, n. mi. . - -
Space-fixed velocity, ft/sec 28 513 28 512
Space-fixed flight-path angle, deg . . -3.48 -3.53
Space-fixed heading angle, deg

East of North . . . . . . . . . 58.87 59.01

TABLE 5.0-III.- COMPARISON OF PLANNED AND ACTUAL TRAJECTORY PARAMETERS,

COMMAND MODULE IMPACT, MISSION AS-202

Condition Plamned | Actual® | Recoverea®
Time from range zero, sec . . e 5575 5582 -
Time from range zero, hr:min:sec 1:32:55 |1:33:02 10:02:00
Geodetic latitude, deg:min North . . . . 17:52 16:07 16:05
Longitude, deg:min East . . 171:52 168:5h4 168:39

aBased on aircraft LORAN fix.

bCM position at time of shipboard recovery
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5.2 Nominal Data Description

The nominal or planned data presented in this report are taken
from the T-3 day update to the "AS-202 Operational Spacecraft Flight
Trajectory" as prepared by Mission Planning and Analysis Division, MSC,
and the "AS-202 Launch Vehicle Operational Flight Trajectory,' dated
June 3, 1966, published by Marshall Space Flight Center.

5.3 Actual Data Description

The actual trajectory data presented in this report were gener-
ated by the following methods:

Segment one.- The launch trajectory from lift-off to S-IVB/CSM
separation was prepared by MSFC using their "Observed Mass Point Tra-
jectory (OMPT) Program'" and is their final best estimate trajectory
(BET).

Segment two.- The CSM powered-flight trajectory from S-IVB/CSM
separation to the first SPS cutoff was simulated using the operational
trajectory design program. The trajectory parameters for this simula-
tion were derived from segment three data. The thrust level was mod-
ified to yield the correct burn time as determined from SPS bilevel
sequence of event data.

Segment three.- The CSM free-flight trajectory from first SPS cut-
off to second SPS ullage ignition was based upon a least-squares curve
fit of C-band radar data from Ascension, Antigua, Pretoria, and
Carnarvon, and is a BET. The root mean square (rms) radar -residuals
from each tracker for this fit are presented in table 5.3-I. These rms
values are based upon estimates of the noise on the data and do not
account for possible systematic errors such as station location errors,
timing biases, etc., that may be present. Therefore, one sigma esti-
mates of position and velocity errors of 300 feet and 1 ft/sec, respec-
tively, are assigned and are based upon prior knowledge of the capa-
bility of the tracking network.

Segment four.- The powered-flight trajectory from second SPS
ullage ignition to the fourth SPS cutoff, and the free-flight trajec-
tory to entry interface, were generated by starting with a state vector
(time, position, and velocity) from segment three data and integrating
through the thrust periods using the pulse integrating pendulous accel-
erometer (PIPA) data corrected for a Y-axis platform misalignment of
400 seconds of arc toward Z, and an X-axis accelerometer misalignment
error of 53 seconds of arc toward Z. At the entry interface, the maxi-
mum expected error is 20 ft/sec in the vertical direction and 10 ft/sec
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along the flight azimuth. The maximum expected position error is
2.0 minutes of latitude and 2.0 minutes of longitude.

Segment five.- The entry trajectory was simulated using the actual
impact point, the actual coupling data unit (CDU) angles, a lift-to-
drag ratio of 0.28, the U.S. standard atmosphere of 1962, and a real-
time computer complex (RTCC) state vector at 400 000 feet as an anchor
point. The program was allowed to solve for flight-path angle (Y:) at

LOO 000 feet, and converged on (Y5 = -3.53) which is also the value of
(Yi) derived by the independent method used in generating the data for
segment four of the trajectory.

The acceleration profile which results from the simulation is in

good agreement with onboard data [fig. 5.1-5(d)] and is thus considered
to be a good representation of the actual trajectory flown.

Further trajectory refinement is in progress.
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S~
TABLE 5.3-I.- RADAR RESIDUALS FOR FREE FLIGHT DATA
ctatio Number of rms radar residuals
n data points Range, ft Azimuth, deg Elevation, deg
Antigua 20 8 0.008 0.013
Ascension 150 89 0.011 0.009
~ Pretoria 150 52 0.010 0.012
Carnarvon 50 26 0.004 0.006







6.0 AERODYNAMICS

6.1 Summary

Several methods were used to obtain reentry flight aerodynamic
characteristics for comparison with preflight data. These included
utilization of guidance and navigation measurements from the Apollo
guidance computer and the inertial measuring unit, postflight trajec-
tory simulations, body-mounted structure accelerometer data, and
related aerothermodynamic data.

The conclusions reached from analysis of the data presented herein
indicate that the preflight estimate of the force coefficient data was
good (with the exception of the method used to determine effective
heat shield cant angle); the trim angle of attack was lower than
nominal; and the lift-to-drag ratio was correspondingly low. On the
basis of an analysis of the flight data it is estimated that for the
Mach number region above M = 6, the trimmed lift-to-drag (L/D) ratio
is L/D = 0.28 + 0.2.

6.2 Preflight Aerodynamic Data

Preflight trimmed wind-tunnel data are shown in figure 6.2-1(a)
as a function of Mach number and are based on the center-of-gravity
(c.g.) position that was determined prior to launch (section k4.1).

The estimated uncertainty in the trimmed lift-to-drag ratio, (L/D)trim’

ig indicated by the dashed lines about the nominal value and is based
on the uncertainties of the wind-tunnel measurement system as well as
c.g. dispersions.

L/D is presented as a function of the c.g. position in
figure 6.2-1(b) for the Mach number range of M = 6 to M = 25, where
these flight conditions exist for nearly 80 percent of the reentry
time. The nominal c.g. value is indicated in the figure with uncer-
tainties in determination of the nominal shown as a cross-hatched area.

Correction to preflight aerodynamic data for effective aft heat
shield cant.- The method for determining the effective aft heat shield
cant has been revised, and the revision resulted in a significant
reduction of L/Dtrim from that presented as preflight data. Analysis

of the former method has determined that the method did not consider
the difference in ablator thickness between the windward and leeward
corner edges of the heat shield. Consideration of this difference

was important in that it shifted the center of the heat shield farther
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off the afterbody centerline than previously calculated, and also
resulted in a change of the effective cant angle from 0.312 degree to
0.195 degree. When applied to the M = 6 to M = 25 aerocdynamic data,
this correction resulted in an L/Dtrim approximately 0.015 degree

lower than that predicted by preflight data which are shown in fig-
ures 6.2-1(a) and 6.2-1(b). This information was determined postflight
and therefore does not appear on the preflight values.
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NASA-5-66-9976

in,

c.g9.’

Composite Z

9.0
Nominal center of gravity position
8.0 Xcg =1040,3 inches
ch = 0,6 inches
Zeg = 5.2 inches
| | ] |
7.0 = 7 Uncertainty due to
L/D= '40'\-\_ / c.g, location only .
39 e | i |
-38 \\
P —— I — \
. gz \\\ \\'\\\\\
6 0 . B
.35 [r——— [ — ———— —
33 \'\ rr I/ —— [ —
’32\ P ———— \\-\
5.0 31 - o ———
-30'\ \-\\__ \'\'\N
.20 ———
4.0
.25
3.0
.20
2.0
1034 1036 10328 1040 1042 1044 1046 1048
Xc_g,’ in,

(b) Command module L/D trim as a function of center of gravity location using M = 6 to 25 wind

tunnel data, heat shield cant is 0,3120 deg, composite Z = /Y )2 +(Z )2.
cg cg cg

Figure 6,2~1,~ Concluded,



6-5

6.3 Atmospheric Data

Atmospheric data were obtained in the reentry area (Eniwetok
Atell, Marshall Islands) in the form of Rawindsonde data up to
115 000 feet and Arcasonde data to 180 000 feet. These data were
analyzed and then extrapolated to 400 000 feet to obtain the pressure,
density, temperature, and speed of sound variations, shown in fig-
ure 6.3-1 as percentages of the 1962 Standard Atmosphere.
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6.4 Flight Aerodynamic Data From Guidance And Navigation Measurements

The Apollo guidance computer (AGC) downlink word list, as recorded
on the data storage equipment (DSE) during reentry, was used to recon-
struct a preliminary trajectory compatible with the inertial measuring
unit (IMU) accelerations. The resulting data shown in figure 6.k4-1
in three parts: (a) a definition of the aerodynamic angles related
to the body axis system, (b) a time history of the total angle of
attack, and (c) a time history of L/D. The values of L/D are averaged
values over a 2-second interval. Their reliability decreases near the
end of the reentry because of the uncertainty in the direction and
magnitude of the earth relative velocity vector. The calculated values
of L/D also show large scatter where the deceleration level is low
[see figure 5.1-5(d)].
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Figure 6.4-1.- Flight aerodynamic characteristics from
guidance and navigation data, Mission AS-202.
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6.5 Flight Aerodynamic Data From Body-Mounted Accelerometers

Measurements CKOOOLA, CKOOO5A, and CKOOO6A from the linear accel-
erometers, which are aligned along the structure X-, Y-, and Z-axes
respectively, were used to obtain values of normal force coefficient to

axial force coefficient ratio, CN/@A, as presented in figure 6.5-1.

These data are compared with the preflight aerodynamics, where ratios
are presented for both the preflight trim predictions and for coeffi-
cients corresponding to o for L/D = 0.28. The data appear to show
closer correlation to the predicted aerodynamics; however, considering
that the purpose of this instrumentation was to measure the gross
structural loads, it is felt that the end-to-end accuracy precludes
any firm conclusions from these data. The scatter in the measurements
alone is shown in figure 6.5-1.
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6.6 Aerothermodynamic Related Indications

Pressure measurements on the aft heat shield in the form of
pressure ratios were compared with numerical calculations of pressure
distributions for a flow field program based on angle of attack
(section 7.3). Data were chosen for Mach numbers greater than 10,
and indicated a trim angle-of-attack range of 160 degrees + 2.

Further comparison of flight peak pressure data at a point on the
spacecraft with theoretical calculations based on the L/D = 0.28
reentry profile of section 5.0 also show good agreement down to a
Mach number of approximately M = 15.5.

6.7 Concluding Remarks

Aerodynamic data from preflight investigations, flight measure-
ments, and postflight simulations are summarized in table 6.7-I and
in figure 6.7-1. These data represent the Mach number range of
M=6toM= 25, and, as shown in figure 5.1-5(e), cover most of the
reentry.

Flight and postflight data analyses point to a lift-to-drag ratio
that is lower than preflight estimates. Based on these findings and
on experience with Gemini aerodynamics trim angle-of-attack coefficient
data, it is believed that the preflight measurements of force data with
angle of attack was good. A correction of the method used to determine
the effective heat shield cant angle lowers the predicted preflight
values of L/D by about 0.015 degree, however, the angle of attack at
which the reentry configuration trims is considered to be the primary
cause of the low L/D indications. This could result from either a
poor determination of the vehicle c.g. location or from poor deter-
mination of the aerodynamic reentry moments.

The c.g. determination has been established as accurate. As a
result an investigation into the latter cause, and a determination of
requirements for additional wind-tunnel testing are being made.

The L/Dtrim is estimated to be L/D = 0.28 + 0.02 with corre-

sponding values of a trim = 161.8 degrees + 1.4 for the Mach number
region of M = 6 to M = 25.
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T.0 SPACECRAFT SUBSYSTEMS

T.1 Structural Dynamics

Summary.- The spacecraft vibration data indicated that the space-
craft structure performed as required in the launch environment.

During lift-off, the command module (CM) longitudinal vibration
reached a maximum of 1.2g peak to peak. The predominant frequency of
oscillation was approximately 10 cps, which corresponded closely to the
experimentally determined test vehicle first longitudinal frequency of
9.7 cps. This oscillation damped out within 2 seconds. The structural
loads resulting from this oscillation are discussed in section T.Z2.

Maximum vibration of the CM inner structure occurred between T+8k4
and T+88 seconds. Vibration levels, corrected for dynamic pressure,
were lower than the established Apollo vibration criteria. The display
panel (DSKY) vibration was approximately 6 dB lower than its established
criteria. During the launch and service propulsion subsystem (sps)
burn periods, the service module (SM) interior structure vibration data
showed very small response. The SPS engine dome longitudinal vibration
was between 15g and 25g peak to peak during steady state SPS burn, which
is considered normal.

During lift-off, the spacecraft lunar module adapter (SLA) skin
panel vibration levels compared very favorably to that of spacecraft 009
and the established vibration criteria.

Crew related dynamics and crew station acoustics are discussed in
sections 7.18.3 and T.18.k4, respectively.

Low-frequency accelerations.-

X-axis acceleration: The spacecraft 011 CM was instrumented with
an accelerometer, measurement CKOOO4A, to measure low-frequency acceler-
ations in the X-axis of the vehicle. This measurement was ranged from
-2g to +10g with the data recorded at a rate of 100 samples per second.

Figures T7.1-1 and T.1-2 present the acceleration spectral density
for the lift-off and supersonic periods of flight. Measurement CKOOOLA
showed maximum oscillatory accelerations occurring at lift-off and
during the period between T+8lL and T+87 seconds (max. q). The maximum
pesk-to-peak values were 1.2g at lift-off and 2.0g between T+84 and
T+87 seconds. The predominant frequency of vibration at lift-off was
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approximately 10 cps, which corresponds closely to the experimentally
determined test vehicle first longitudinal frequency of 9.7 cps. This
oscillation was excited by the thrust buildup characteristics of the
S~IB engine and subsequent release. The oscillation damped out com-
pletely within 2 seconds. An oscillograph record of this acceleration
during the lift-off period is shown in figure T7.1-3.

Y-axis and Z-axis accelerations: The spacecraft 011 CM was in-
strumented with two accelercmeters, measurements CKO0OS5A and CKOOO6A,
which measured low frequency accelerations in the Y-axis and Z-axis of
the vehicle, respectively. These measurements were ranged +2g with the
data recorded at a rate of 100 samples per second.

Maximum accelerations during the lift-off period were approximate-
ly 1.0g peak to peak for both Y- and Z-axes (section 7.2). The predomi-
nant frequencies of vibration at lift-off in the Y-axis were approxi-
mately 1.4, 2.25, and 4 cps. These correspond closely to the first
three experimental bending frequencies of 1.34, 2.27, and 4.2 cps. An
oscillation of 8 cps was also excited. The excitation of these frequen-
cies is believed caused by the unsymmetric thrust buildup of the S-IB
engines (fig. T.1l-4). Excitation of the second and third bending modes
was also noted during the period between T+8L4 and T+87 seconds. During
this period maximum oscillations (due to high wind shear) were 1.5g and
0.6g peak to peak for the Y- and Z-axes, respectively. Acceleration
spectral density plots are shown in figures T.1-5 through 7.1-8. Re-
sulting loads during this period are discussed in section T7.2.

Command module vibrations.- The CM was instrumented with seven
accelerometers, the details of which are given in table T7.1-I. Accel-
erometer CKOO4L3D measured vibration in the Z direction of a cable tray,
mounted on secondary structure within the lower equipment bay aft
section. Accelerometers CK0501D, CK0O502D, and CKO503D measured vibra-
tions of the center and left-hand display panels. Acceler-
ometers CG6001D, CG6002D, and CG6H003D measured vibration of the guidance
and navigation (G & N) navigation base.

Acceleration time histories in figures 7.1-9 through T.1l=15 show
that maximum vibrations occurred between T+80 and T+90 seconds. This
time period corresponds to a Mach number range of 1.67 to 2.15.

Comparison of the spectral distribution of measurement CKOOL3D
with the spectral distribution for Mission AS-201 showed that the
spacecraft 011 vibration level in the lower equipment bay was approxi-
mately one-half of the spacecraft 009 level due to lower response in
the 150- to 300-cps frequency range. The spectral distributions for
the display panel accelerometers showed considerably lower energy than
had been anticipated based on the CM vibration criteria (fig. T7.1-16).
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The spectral density plots for the navigation base accelerometers
(figs. T.1-17 through 7.1-19) give a good indication of the natural
frequencies of the shock isolation system used to mount the navigation
base to the CM.

Service module vibrations.- The SM was instrumented with nine
accelerometers to measure vibrations of the aft helium tank mount in
the longitudinal and radial directions, the aft bulkhead at the base
of the sector II oxidizer tank in the directions of the X- , Y- , and
7-axes, radial beams 2 and 5 in the SM circumferential direction, and
the SM engine dome in the longitudinal and radial directions. Details
of instrument location, range, and frequency response are given in
table T.1-I.

Rms time histories of aft helium tank mount vibration are shown
in figures 7.1-20 and 7.1-21 for the longitudinal and radial directions.
Figures 7.1-22 and T.1-23 present the acceleration spectral densities
for these two measurements during lift-off. Although no vibration
specification was available for the tank mount, the vibration energy
appeared to be of the approximate level of the helium tank vibration
criteria, with the exception of the large energy contents between 20
and 25 cps. No problems were encountered as a result of this vibration
level; however, the helium tank had not been qualified to this input
level. In order to insure that the tank would not be damaged as a
result of this energy, a sinusoidal vibration gqualification test in
this frequency range or a detailed analysis should be considered.

Data from measurements SKO242A, SKO243A, and SKO2LLA, which
measured aft bulkhead vibration in the directions of the X- , Y- , and
7_axes at the base of the sector II oxidizer tank, were not useable
except at lift-off, between T+20 and T+30 seconds, and during transonic
flight. These measurements recorded such small response during the
remainder of the launch phase that data were within a factor of 2 of
the telemetry channel noise, causing a degradation of the data. The
low frequency response of the telemetry channels assigned to these
measurements was a major cause of the small response measured, since
the majority of vibratory energy was expected to occur at frequencies
much higher than the available channel cutoff frequency of 59 cps.
Acceleration spectral densities for 1lift-off are shown in fig-
ures T.1-24 through 7.1-26. The 10-cps longitudinal oscillation
noticed in the low frequency vibration data from CKOOOLA was also re-
corded by SKO2u42A.

Data from measurements SA0993D and SAO994D, which measured vibra-
tion of radial beams 2 and 5 in the SM circumferential direction,
showed low response, with a maximum response of bg rms occurring during
transonic flight.
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During the flight of spacecraft 002, abnormally high vibration
levels were experienced on the inner cap of beam 5 after T+38 seconds.
Studies indicated static failure of the lateral support braces due to
the pressure differential during transonic flight. A transitory
pressure differential was experienced in this flight regime due to
reattachment of the aerodynamic flow at the shoulder of the spacecraft,
and this phenomenon was characterized by the drop in fluctuating
pressure and vibration levels at Mach 0.85. On spacecraft 011, a
modification was made to the braces at XSQTT to allow for SM expansion

during transonic flight. A comparison of beam vibration levels for
spacecraft 011 and spacecraft 002 is shown in figure 7.1-2T7, which
indicated low levels for spacecraft 01l and that the modification was
satisfactory.

Measurements SKO020D and SP1031D, which measured vibration of the
SPS engine dome in the longitudinal and radial directions, respectively,
showed ignition vibration of 100g and 94g pesk to peask on the first
burn, 162g and 100g peak to peak on the second burn, 175g and 87g
peak to peak on the third burn, and 262g and 137g peak to peak on the
fourth burn, respectively. The average steady state burn vibrations
for the longitudinal and radial directions were 15g to 25g peak to peak
and 13g to 15g peak to peak, respectively. Acceleration spectral
density of the SPS steady state burn is shown in figures 7.1-28 and
T.1-29. No significant increase in CSM vibration was noted during the
SPS burns. The vibration levels on the SPS engine were approximately
the same as those experienced during ground tests and were considered
normal.

In general, the magnitude of all vibration data in the SM was low
during the transonic, supersonic, and SPS burn periods. No structural
problems are anticipated from these low levels.

SLA vibrations.- Three accelerometers were located on the SLA to
measure radial vibration of the skin panels. Measurement locations are
given in table T.1l-I. These accelerometers, AK0250D, AK0251D, and
AK0252D, were ranged +100g with frequency responses of 160, 220, and
330 cps, respectively.

A comparison of dynamic pressure, Mach number, and time for
spacecraft 011l and spacecraft 009 is shown in figures T7.1-30 and T7.1-31.
Although spacecraft 011 had slightly higher dynamic pressures than
spacecraft 009, as shown in figures 7.1-30 and T7.1-31, the vibration
levels were approximately the same for both flights. Accelerstion
spectral densities for spacecraft 011 SLA shell panel vibrations are



compared with spacecraft 009 data and vibration criteria in fig-
ures T.1-32 and T7.1-33. These data were not corrected for the dif-

ferences in dynamic pressure.

-5
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TABLE T7.1-I.- STRUCTURAL DYNAMIC MEASUREMENTS, MISSION AS-202

Measurement

Measurement description

Range

Response

Location

Channel or

number track
Low frequency saccelerations
CKOOOLA X-axis CM accelerometer -2 to +10g 100 s/s XC78, YO, Z21 PCM
CKOO00S5A Y-axis CM accelerometer *2g 100 s/s XCTB, Y0, z21 PCM
CKOOOBA Z-axis CM accelerometer +2g 100 s/s XCTB, Yo, 221 PCM
Command module vibrations
cxool3p Lower equipment bay Z-axis +75¢ 600 cps XC3O.83, Y¥0.5, 239.5 FQTR 7, 8
CKO501D Center display panel, +75g 2500 cps Center display panel FQTR 5
normal vibration
CK0O502D Center display panel, +75¢g 2500 cps Center display panel FPQTR 13
17 deg from Z-axis
CK0503D Left hand display panel, +75g 2500 cps Left-hand display panel FQTR 9§
normal vibration
CG6001D Navigation base, roll vibration +50g 2500 cps Bavigation base FQTR 2
CG6002D Navigation base, yaw vibration 508 2500 cps Navigation base FQTR 4
CGHO03D Navigation base, pitch vibraticn +50g 2500 cps Navigation base FQTR 6
Service module vibrations
SKOC20D SPS engine dome, +250g S ke SPS engine dome FQTR 1
longitudinal vibration
SP1031p CPE engine dome, radial +250g 5 ke SPS engine dome FQTR 3
vibration
SKG2L0D Aft helium tank mount, X-axis +20g 110 cps X5286.5, 1b5°, R22 SMMK 11
vibration
SKo2L1D Aft helium tank mount, radial *20g 81 cps X5286.5, 1u5° R22 SMMK 10
vibration
SKO2k2A Aft bulkhead tank base, +20g 59 cps %5203, Yeh, 2-6 SMMK 9
X-axis accelercometer
SKO2434 Aft bulkhead tank base, +10g U5 cps %4203, Y2k, -6 SMMK 8
Y-axis accelerometer
SKC2LLA Aft bulkhead tank base, +10g 35 cps X203, Y2U, 2-6 SMMK 7
Z-axis accelerometer
SA0993D Rgdial beam 2, circumfer- +250g 600 cps X275, R22 SMMK 16
ential vibration e
SAQ994D Radial beam S, circumfer- +250g LSO cps X5275, R22 SMMK 1S
ential vibration
Spacecraft - LM adapter vibrations
AK0250D Skin panel, radial +100g 160 cps X,543.25, 304° SMMK 12
vibration
AK0251D Skin panel, radial +100g 220 cps XA657.5, 236° SMMK 13
vibration
AK0252D Skin panel, radial +100g 330 cps XA780, 3ck° SMMK 1L

vibration
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Figure 7.1-1.- Acceleration spectral density of CM X-axis acceleration
at lift-off, measurement CKOO04A, Mission AS-202,
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NASA-S-66-9984
SENSOR CKO0004A
TIME SLICE 84,020 TO 87,040 SEC

LOW=—PASS FILTER 300 CPS
FILTER BW 1,0000 CPS

SLICE RMS VALUE 375

0,01

0,008

0,006

2
ACCELERATION SPECTRAL DENSITY, G/CPS

/IR I L

VLV
v V ‘\

0 10 20 30 40 50

0,002

FREQUENCYJ CcPS

Figure 7.1-2.- Acceleration spectral density of CM X-~axis acceleration
during period of maximum response, measurement CKOOO04A,
Mission AS-202,
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Figure 7.1-3.- CM lift-off accelerations, Mission AS-202.
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Figure 7.1-4.- S-IB engine thrust buildup, Mission AS-202,
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Figure 7.1-5.- Acceleration spectral density of CM Y=-axis acceleration
at lift-off, measurement CKOOO5A, Mission AS-202,
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Figure 7.1-6,- Acceleration spectral density of CM Y-axis acceleration
during period of maximum response, measurement CKOO05A,
Mission AS-202,
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Figure 7,1-7,- Acceleration spectral density of CM Z-axis acceleration
at lift-off, measurement CKOOO6A, Mission AS-202,
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Figure 7,.1-8,- Acceleration spectral density of CM Z-axis acceleration

during period of maximum response, measurement CKOOO6A,
Mission AS-202,
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Figure 7,1-16,- Comparison of CM display panel vibration during a period
of maximum response with criteria, Mission AS-202,



!

feps

2

7-23

NASA-S-66-9999

SENSOR CG6001D

TIME SLICE 85,000 TO 87,000 SEC
LOW=PASS FILTER 2100 CPsS

FILTER BW 5,0050 CPS
SLICE RMS VALUE .290

VERTICAL SCALE TIMES 1000

1.8 4

ACCELERATION SPECTRAL DENSITY, G

|7 2N N

0 50 100 i50 200 250

FREQUENCY, CPS

Figure 7.1-17.- Acceleration spectral density of roll axis navigation
base vibration during period of maximum response, measurement
CG6001D, Mission AS-202,
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Figure 7.1-18.- Acceleration spectral density of pitch axis
navigation base vibration during period of maximum response,
measurement CG6002D, Mission AS-202,
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Figure 7,1-19,- Acceleration spectral density of yaw axis

navigation base vibration during period of maximum response,

measurement CG6003D, Mission AS-202,
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NASA-5-66-10004
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Figure 7,1-22.- Acceleration spectral density of aft helium
tank mount X-axis vibration at lift~off, measurement SK0240D,
Mission AS-202,
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Figure 7.1-23.- Acceleration spectral density of aft helium tank
mount radial vibration at lift-off, Mission AS-202,
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Figure 7.1-24,- Acceleration spectral density of aft bulkhead

X-axis vibration at lift-off, measurement SK0242A,

Mission AS-202.
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Figure 7.1-25,- Acceleration spectral density of aft bulkhead
Y-axis vibration at lift-off, measurement SK0243A,
Mission AS-202,
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NASA-S-66-10008
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Figure 7,1-26,~ Acceleration spectral density of aft bulkhead
Z-axis vibration at lift-off, measurement SK0244A,
Mission AS-202.
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Figure 7,1-28,- Acceleration spectral density of SPS engine dome,
X=-axis acceleration measurement SK0020D, Mission AS-202.
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Figure 7,1-29,- Acceleration spectral density of SPS engine
dome acceleration, radial direction, measurement SP1031D,
Mission AS-202.
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Figure 7.1-31,- Comparison of dynamic pressure plotted against
Mach number for SC-011 and SC-009,
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T.2 Structural Loads

Mission AS-202 was the second flight test of the Apollo Block I
spacecraft structure under the uprated Saturn I launch environment, SPS
operation, and reentry loading conditions. Critical loading conditions
and body loads at the spacecraft structural interface for the mission
are summarized in table 7.2-I(a), and are compared with the design
loads of reference 13, Stresses in the CM, SM, and SLA were determined
from strain gage readings and were compared with the allowable stresses.

Description.- The spacecraft 0ll structure included Block I type
launch escape subsystem (LES), CM, SM, and SIA.

Launch escape subsystem: The Block I type LES was identical to
that used on Mission AS-201 (ref. 9) except for the following differ-
ences: ‘ ‘

(a) The tower leg fitting was changed from a casting to a die
forging.

(b) The CM to tower leg attachment was changed from single mode
bolt to a dual mode separation system utilizing a frangible nut.

Command module: The Block I type CM structure was similar to that
used on Mission AS-201 (ref. 9) with the following exceptions: o

(a) The astrosextant passive thermal protection system was pro-
vided instead of moveable doors.

(b) The aft side wall outer skin thickness was changed from
0.016 to 0.035 inch.

(c) A doubler under the parachute retention bracket was added to
spacecraft 011,

(d) Spacecraft 011l had integral variations in the aft heat shield
skin gage, whereas spacecraft 009 had bonded doublers.

(e) Spacecraft 011 had honeycomb edge member material of
17-4 H 1150M stainless steel, while spacecraft 009 used 17-4 H 1150
stainless steel. Along with this change of material, some edge members
were resized, and adjacent honeycomb core was increased in density.

(f) A parachute and deploy mortar were added to the forward heat
shield apex cover to assist separation from the CM.
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(g) The pitch and yaw engine attach plate was integral with the
honeycomb shell structure.

Boost protective cover: The spacecraft 011 boost protective
cover (BPC), was similar to that of spacecraft 009 (ref. 9) except for
the following additions:

{a) The astrosextant door cover panel.
(b) The Block I type latching mechanism on the outer hatch.

Service module: The spacecraft 011 SM was similar to that of
spacecraft 009 (ref. 9).

Spacecraft - lunar module adapter: The spacecraft 0ll SLA was
identical to that of spacecraft 009 except that the hinge backup struc-
ture was strengthened for this mission.

Body loads.- Loads were derived at the CM/SM structural interface
for the critical loading condition of launch release, and at the CM/SM,
SM/SLA, and SLA/instrument unit (IU) structural interfaces for the
maximum dynamic pressure region and S-IB end of boost loading condition.
For each of these conditions, calculated loads were compared to design
loads (ref. 13). Preflight predicted loads were also included for the
maximum dynamic pressure region.

Launch release: CM/SM interface lateral loads during thrust
buildup are caused by the steady drag load from ground winds and
vehicle dynamic excitation from wind gusts, vortex shedding, and
unsymmetric S-IB engine thrust buildup. These excitations also result
in a large constraining shear and moment at the base of the launch
vehicle. CM/SM interface lateral loads after lift-off are caused pri-
marily by the sudden release of this constraining shear and moment.
‘Typically large axial dynamic oscillations result primarily from the
release of tension in the launch vehicle hold-down arms.

Prior to AS-202 lift-off, significant lateral accelerations were
caused primarily by the S-IB-unsymmetric thrust buildup sequence
(section 7.1). Ground winds were light (fig. 7.2-1), and the airload
contribution to spacecraft loads during thrust buildup was small. The
CM/SM interface loads during thrust buildup are shown in
table 7.2-I(b).

Amplitudes of spacecraft lateral accelerations after release were
slightly less than during thrust buildup (fig. T7.1-2). The CM/SM
interface bending moment after release was less than before lift-off,
and its effect on the tension ties was relieved somewhat by the large
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compressive axial force occurring at the same time [table 7.2-I(b)].
The maximum bending moments, both before and after launch release, were
less than design values. Although in both cases the axial force at the
time of maximum bending moment differed considerably from the design
value, the combined effect of bending moment and axial force was not
critical when compared to design 1imit load capabilities (fig. 7.2-2).

5-1B mid-boost: Large interface loads during boost generally
occur in the region of flight where the product of dynamic pressure
and angle of attack is a maximum (max. qa).

The winds aloft during the AS-202 boost were very light but exhib-
ited large wind shears in the region of maximum dynamic pressure
(fig. 7.2-3). The light winds resulted in a vehicle angle of attack
of only 1.0 degree at maximum gqa. The wind shears and resulting
engine gimbal deflections, however, caused significant vehicle bending
oscillations (section 7.1). Thus the maximum qo lateral loads for
this mission were due primarily to vehicle structural dynamics rather
than aerodynamic loading. The CM/SM, SM/SILA, and SLA/IU interface
loads during the maximum qa region of flight were derived by the
following two procedures:

(a) Predicted loads from a flight simulation using the T-0 winds.

(b) Calculated loads using measured angles of attack and gimbal
angles in an MSC elastic body loads program.

Values obtained by each of these methods are compared with the
maximum go design loads in table 7.2-I{(c). The CM/SM interface load
values are also compared with limit design load capabilities in
figure T7.2-2. The predicted and calculated max. qa interface loads
include the effects of the internal vent pressure (fig. 7.2-4). The
positive vent pressure relieves the compressive interface axial loads
due to inertia and aerodynamic drag.

5-IB end of boost: The maximum axial accelerations and maximum
compressive interface loads are experienced near the end of S-IB boost,
immediately prior to inboard engines cutoff. The end of boost axial
acceleration for this mission was nominal, and the calculated compres-
sive loads at all interfaces were less than the design loads
[table 7.2-I(d)]. The CM accelerometer data indicated that lateral
loads at end of S-TIB boost were small.

S-IB/S-IVB staging: The peak-to-peak amplitudes of axial and
lateral spacecraft vibrations were very small during this period, in-
dicating that staging was very smooth with no significant dynamic
loading.



T-L43

Spacecraft accelerations during the S-IVB burn and SPS operation
were nominal, and no detailed interface loads analyses were made. Max-
imum accelerations experienced during reentry were less than predicted
(fig. 5.1-3) and only 12 percent of the design limit accelerations.

Internal loads.- Internal loads were determined from strain-gage
instrumentation mounted on various structural components within the
CM, SM, and SLA. (See ref. 14 for actual strain-gage locations and
ranges. )

Command module internal loads: There were a total of 28 strain
gages located on the CM primary structure. Of this total 16 were
attached to the stainless steel substructure of the aft heat shield,
and the remaining 12 were located on three of the main longerons in
the CM inner structure. All the strain measurements were commutated
at a rate of 10 samples per second, and telemetered to earth starting
at a time just prior to reentry of the spacecraft into the earth's
atmosphere. The main longerons in the conical portion of the CM are
designed by loads that occur during boost, or an abort during boost,
but the strains in these members were not recorded during this phase
of the mission. Following reentry, the strains recorded from the
longerons were uniformly low (400 to 800 pin./in. compared to a max-
imum range setting of +8000 pin./in.), and the strain magnitude
remained approximately constant during the whole entry period up to
and including water impact. The same remarks concerning the constant
low magnitude of strain apply to the measurements from the gages on
the aft heat shield which were ranged for +5000 pin./in. There was
absolutely no variation in the magnitude of recorded strain from the
aft heat shield during the buildup of atmospheric deceleration from
Og to 240g or at water impact. The only conclusion, therefore, that.
can be drawn from the CM strain gage measurements is that the recorded
data are not valid, and the reason for it not being valid is not known.
Based on a postflight visual inspection, it is known that no structural
damage was sustained during the AS-203 mission.

Service module internal loads: There were 23 strain gages located
within the SM structure, of which only one was inoperative prior to the
launch. Unfortunately this gage was located on one of the radial beam
trusses which prevented a strain gage calculation of the station 1010
interface axial force and bending moment. Too many assumptions would
have to be made in the calculation concerning the loading distribution.
for the result to be accurate.

The other strain gages on the radial beam trusses were set to
zero prior to the launch in accordance with the checkout procedures.
Data from these gages were used to determine changes in loading on the
members during the mission events.



Strain data from these gages indicated that structural loads were
light during the mission as was expected from the nominal flight.
Table T7.2-IT shows the loads that were introduced intc the CM/SM ten-
sion ties during pretension of the bolts, lift-off, max. ca , S-IB
end boost, and S-IVB end boost. The maximum load shown was only 38 per-
cent of the limit design load.

SLA internal loads: All SLA strain gages were balanced to zero
before stacking the variocus spacecraft components, with the exception
of those on the stabilizing cable turnbuckles. These were pretensioned
after the stacking operation.

There were 24 strain gages mounted on the SLA skins and stabil-
izing structure to measure the launch loads. One gage was inoperative
prior to lift-off and three more dropped to a zero gage reading at
lift-off (see section 7.15).

Strains from the remaining gages on the SLA skins were converted
to stresses, corrected for temperature effects, and are presented in
table T7.2-II1 for various events during the boost phase of the mission.
This table also gives the stabilizing ring stiffener stresses and
cable loads.

All stresses and loads were below the design limit values, indi-
cating that there were no structural failures during the mission. A
video tape of the SLA panel deployment during the CSM/S-IVB separation
shows that two panels were displaced from the normal 45 degree deploy-
ment position by impingement from the SPS engine plume. At this time,
loads on the panels exceeded the strength of the retention subsystem,
allowing the panels to hinge back toward the side of the vehicle. This
was the predicted response to a proximity burn of the SPS engine. The
proximity burn would normally occur during an SPS abort mode.

Conclusions.~ All structural loads data confirmed that no struc-
tural failures occurred during the mission, with the exception of the
SLA panel retention cables. All structural components performed as
expected from the trajectory flown in the mission, and were well within
the structural capability of the wvehicle.

Although lift-off structural loads were well below design, it is
significant to note that the lateral loads resulted primarily from the
unsymmetric thrust buildup. The lift-off structural enviromnment, other
than thrust buildups, was not severe for this mission. The effect of
unsymmetric thrust buildup on spacecraft structural loads was not
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included in the lift-off design criteria but was noted on Mis-

sion AS-201 (ref. 9). As a result, the lift-off ground wind go-no go
procedure for Mission AS-202 and subsequent missions was revised to
include this effect.
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TABLE T7.2-I.- EVENTS AND CONDITIONS SIGNIFICANT TO STRUCTURAL ANALYSIS

(a) Event times

Condition Elapsed time,
sec
Saturn-~IB engine ignition - -3.1
Lift-off 0.9
Mach 1 6L.0
Maximum qo T6.0
Maximum axial acceleration 138.6
S-IB/S-IVB separation 1Lkh.2

(b) Launch release, maximum bending moment
conditions at CM/SM interface

Condition Before release After release Design

Bending moment, in-1b 0.85 x lO6 0.7 x 106 2.k x 10

Axial force at time
of maximum bending
moment, in-1b -2 700 ~16 100 -6 500




TABLE 7.2-I.- EVENTS AND CONDITIONS SIGNIFICANT

TO STRUCTURAL ANALYSIS - Concluded

T-47

(c) 1Interface loading conditions during maximum qo
Interface Condition Predicted | Calculated Designa
Flight time, sec 73.0 76.0 70.0
Mach number . 1.32 1.45 1.34
Dynamic pressure, b
psf ., 603 654 735
Angle of attack, b
deg . . 1.07 0.95 6.7
CM/SM Bending moment, 6 6 6
in-1b . 0.42 x 10~ [0.24 x 10™ |2.05 x 10
Axial force, 1b . -63 000 -67 000 -86 500
SM/SLA Bending moment, 6 6 6
in-1b . 2.12 x 10 1.95 x 10 7.39 x 10
Axial force, 1b . -123 000 -140 000 -181 500
SLA/TIU Bending moment, 6 6 6
in-1b . 2.61 x 10~ |2.68 x 10" |23.6 x 10
Axial force, 1b . -130 000 -140 000 -253 500
®Block I, Saturn V design loads.
bBased on Q-tall measurements.
(d) Interface axial loads at S-IB end of boost
Interface Condition Calculated Designa
Axial acceleration, g . L.,2 h.9
CM/SM Axial force, 1lb . -86 000 -9L 100
SM/SLA Axial force, 1b . -223 000 -332 700
SLA/IU Axial force, 1b . -239 000 -456 700

&Block I, Saturn V design loads.
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TABLE T7.2-III.- SLA SKIN AND STABILIZING MEMBER STRESSES
AND LQADS FOR MISSION AS-202

7-49

Lift-off Max. qo S-IB end S-IVB end
Gage location stress, stress, boost boost
psi psi stress, psif stress, psi
Outer shell, circumferential,

X775, 34° 378 -336 3 620 2 6L0
Inner shell, longitudinal,

X, 175, 34° =277 -5 230 -1 650 -635
Inner shell, circumferential,

X, 775, 34° 1 282 7917 10 870 7 360
Outer shell, longitudinal,

X,781, 124° 9 250 L 780 616 9 050
Outer shell, circumferential,

XA781, 124° -4 200 -3 250 -4 800 -1 085
Inner shell, longitudinal,

xA781, 124° -2 860 -7 920 -243 -6 300
Inner shell, circumferential,

XA781, 124° 956 1 830 13 100 277
OQuter shell, longitudinal,

X, 775, 21k4° -9'0 - L60 -9 280 -7L0
Outer shell, circumferential,

X,T75, 214° 5 40O 3 790 3 080 8 8ko
Inner shell, longitudinal,

X,T75, 21k° -8 980 -12 750 -7 390 -1 630
Inner shell, circumferential,

XAYTS, 214° -820 -l 200 6 840 -115
Ring stiff, X,584.7, ¥,115, 2,0 883 147 oL 694
Ring stiff, xAsau.7, Y,115, 2,0 1 5k2 976 1 030 -315
Ring stiff, XA58h.7, ¥,0, 2,115 1 680 830 3 360 -262
Ring stiff, xAsah.7, Y,0, 2,115 588 1 530 4 740 2 690

Lift-off Max. qa S-IB end S-IVB end
Gage location load, load, boost boost
1b 1b load, 1b load, 1b
Ring cable, XASBH.Y, turnbuckle 770 393 521 970
Ring cable, xAsah.7, turnbuckle 1133 1 039 1 316 1 354
Ring cable, XA58h.7, turnbuckle 902 907 1 065 1 220
Ring cable, XASBh.T, turnbuckle 489 sLL 927 S6T
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7.3 Aerothermodynamics

Theoretical calculations of heat transfer rate at the maXximum
heating location on the aft heat shield for its flight trajectory

indicated an initial peak rate of 80 Btu/ftg/sec followed by a decrease
to 19 Btu/ftg/sec and a subsequent rise to a second peak of

Ly Btu/ftz/sec. This calculation was based on a trajectory corre-
sponding to a lift-to-drag ration (L/D) of 0.28 or an angle of attack
of 161.5 degrees (see section 5.0). Comparison of this heating rate
history with the preflight prediction in figure T.3-1] indicated that

2
the total heat load experienced by the spacecraft of 20 680 Btu/ft
was above that required to achieve the mission objectives.

Pressure measurements.- Of the 35 pressure transducers on the CM,
11 were located on the aft heat shield and 24 on the crew compartment
heat shield. Output from the transducers on the crew compartment heat
shield indicated that the entry environment pressure on the conical
surface was too low to be measured accurately by the transducer sub-
system. The accuracy anticipated for the overall subsystem in the low
range was not realized.

Representative histories of the pressures measured on the aft heat
shield are shown in figure 7.3-2. The lines represent a fairing of the
actual raw data which were corrected only for the zero-shift of each
instrument that existed prior to reentry. The data were smooth and
continuous throughout the reentry.

To correlate the aft heat shield flight data with results obtained
from numerical calculations of the flow field, distributions of local
measured pressure divided by the highest measured pressure (approxi-
mately the stagnation pressure) were obtained and are shown in fig-
ure T.3-3. The numerical calculations with which the data were compared
were obtained from an "exact" inverse numerical solution of the flow
field for an angle of attack of 158 degrees and a point in the pre-
flight trajectory corresponding to the first peak in the convective
heating. The flight data shown for comparison were obtained for Mach
numbers greater than 10 and pressures greater than 50 percent of the
full-scale deflection value of the transducers. The data are in sat-
isfactory agreement over the pitch plane. In the yaw plane, measure-
ments obtained are somewhat lower than the calculated values. It
should be noted that the discrepancy is symmetric about the vehicle
centerline, which eliminates spacecraft yaw as a cause. No similar
discrepancies were noted during the flight of spacecraft 009. The fact
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that spacecraft 011 may have flown at an angle of attack somewhat less
than 158 degrees was not sufficient to account for the disagreement
between the theoretical predictions and the data.

Pressure measurements may be used to assist in determining the
degree to which the spacecraft actually followed a simulated trajectory
based on a lift-to-drag ratio of 0.28 (see sections 5.0 and 6.0).
Figure T7.3-4 is a comparison of the calculated pressure behind a normal
shock for the postulated trajectory with the pressure measured by
transducer CA1146P, located near the peak pressure point on the space-
craft. The two curves agree very well until a time of 4875 seconds
(through the first heat pulse). Subsequent deviations in the curves
indicate that the actual and simulated trajectories may not be in
agreement after this time.

Calorimeters.- Two types of calorimeters were installed around the
CM to measure heating rates experienced by the spacecraft during atmos-

pheric entry. One was a high range sensor (above 50 Btu/ft2/sec) which
consisted of several graphite wafers stacked to allow removal of single
wafers by aerodynamic forces when the surrounding heat shield material
had receded, and the other was an asymptotic calorimeter tailored in
design to measure low rates at discrete locations on the conical
section.

Wafer calorimeter: Numerous malfunctions were observed in the
temperature measurements obtained with the high range wafer calo-
rimeters. Details of the possible thermocouple shorting or premature
switching of each wafer recording are discussed in section T.15. No
meaningful data are available at present for analysis.

Asymptotic calorimeter: Of the 21 asymptotic calorimeters
installed on the conical section, 19 produced useable data. Shown in
figure T7.3-5 are histories of the measured heating rates and those
calculated for the entry trajectory based on wind-tunnel data for
161.5-degrees angle of attack and the laminar stagnation-point theory
of reference 1>. The turbulent calculations are based on the theory
of reference 16. Some of the measured data exhibit erratic behavior
during portions of the entry time. Generally, though, the data appear
to be of goocd quality.

Examination of the measurements shown in figure T7.3-5 reveals a
curious history for most of the locations. Higher heating was expe-
rienced during the second heat pulse, which occurred at velocities
between 20 000 and LOOO ft/sec, than during the high velocity
(27 200 to 21 000 ft/sec) period of the first heat pulse. This
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behavior suggests the flow was separated during the first pulse and
attached during the second pulse. In support of this idea, three
histories [fig. 7.3-5(f), (r), and (s)], which are possibly in a
separated region throughout entry due to their location on the toroid,
behaved in the expected manner.

The large discrepancy between the predictions and the measure-
ments can be attributed, in part, to the inability to predict the level
of heating in separated flow. Reference 17, for example, found that
heating in a separated region could be as much as 30 to 50 percent less
than in an attached region. Thus, the high theoretical predictions
during the first pulse is not surprising. On the other hand, the
underprediction on the windward ray during the second pulse cannot be
explained if the vehicle angle of attack is assumed to be precisely
known.

The effect of possible atmospheric variations was explored and
shown to be small. The Reynolds numbers throughout most of the entry
are so low as to rule out transition to turbulent flow.

A sketch of the CM is shown in figure T7.3-6 to indicate the peak
heating rates recorded at each sensor location.
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Figure 7.3-3.- Comparison of measured and calculated pressure distribution,
Mission AS-202,
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7.4 Thermo Structures

7.4.1 Heat transfer.- The thermal environment of the Mission AS-202
ascent trajectory has been evaluated for the SM and the SLA. The heat-
ing parameters were higher than those predicted for the nominal
Mission AS-202 trajectory.

The thermal environment was measured by temperature sensors located
on the SM and the SLA. This instrumentation measured the inner and
outer skin temperatures and several internal structure temperatures
during ascent. In the following evaluation of temperatures, the dis-
cussion is limited to a representative number of typical temperature
locations for the time period from lift-off to about T+300 seconds,
which is the portion of the trajectory significant for ascent heating.

Service module temperatures: Figure T.4.1-1 shows the distribution
of peak temperatures measured on the SM outer skin during ascent.

The meximum SM launch temperature of 210° F was measured in front
of SM RCS quad A, on the outer skin without cork protection, at longi-
tudinal station XS350 inches and 253 degrees from the +Y-axis, at
T+130 seconds.

The low temperatures of 110° to 130° F, measured by sen-
sors SAT9OLT, SATO06T, SAT90TT, and SATIOLTT were also located close to
quad A but were under the protective cork insulation. The cork insula-
tion on the SM surface around each RCS quad provided protection against
aerodynamic heating during ascent, and against plume impingement during
RCS engine firing.

No smooth-body conclusions for longitudinal or circumferential
variations in maximum temperatures are applicable since each of the
sensors located on the same logitudinal or meridional line was also
subjected to different interference heating from the effects of pro-
tuberances. The effects of the protuberances are large compared with
any smooth-body variations due to angle of attach, etc.

Postflight temperature predictions were performed for sensor
SAT916T on the SM inner surface at the location (XS350 inches and

253 degrees) of the highest outside temperature measured. Using the
actual ascent trajectory and pressure ratio data obtained from wind
tunnel tests, the maximum and minimum predicted temperature response is
compared with the measured temperature time history in figure T.4.1-2.
The maximum response was based on SM radiation interchange with the

sun and the earth. The minimum response was based on radiation exchange
with space only. The RCS motors were not fired during this time period.
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The maximum and minimum predicted temperature histories should
bracket the expected response. It can be seen from figure 7.4.1-2 that
the predicted temperature response band is higher than the measured
temperature respcnse. Sensor SAT916T was located approximately 3 inches
from the cork-protected area around quad A. The relatively cool skin
under the cork provided a heat-sink which allowed a two-dimensional
conduction effect which could result in a faster cool-down of the sensor
than that which was predicted using a one-dimensional analysis. The
internal temperatures on the SM aft bulkhead, SAT913T and SAT914LT, did
not exceed 100° F.

SLA temperatures: Figure T7.4.1-3 shows the distribution of peak
temperatures measured on the SLA outer skin during ascent. The maximum
temperature of L4L75° F was measured by sensor AAT93TT (XATTS inches and

304 degrees) at T+125 seconds. Figure 7.4.1-U4 compares the predicted
temperature response with the measured temperature time histories for
sensors ASTO3TT and AAT938T (outer and inner skin thermocouples located
at X,T75 inches and 304 degrees) and sensors AATO31T and AAT932T

(outer and inner skin thermocouples located at XA7TS inches and 124 de-

grees). Satisfactory agreement is shown in figure T7.L4.1-L for both
inner skin and for one outer skin (AAT931T) measurement. The outer
skin at sensor AAT937T would not reach 475° F without driving the inner
skin well above the observed 150° F level, indicating that AAT937T was
not measuring SLA outer skin temperature, but that the high temperature
response measured by sensor AAT93TT during ascent was indicative of an
operating thermocouple attached to a much lower heat capacity structure
than the SLA honeycomb skin. The probable cause of the 475° F tempera-
ture level was the thermocouple coming off the surface of the SLA (also
see section T7.15.1).

Disregarding the measurements from sensor AAT93TT, the maximum SLA
temperature of 260° F was measured by sensor AAT931T. The low peak
temperatures measured by sensors AAT930T, AAT933T, and AAT939T were due
to the fact that the sensors were located under the insulation material
covering the SLA ordnance system forward circumferential separation
splice and longitudinal separation splices. All outer skin temperature
measurements aft of XA610 inches show maximum temperatures below 110° F.

These low temperatures were the result of the protection afforded by
the cork insulation on the surface of the SLA in this area. Tempera-
tures on the inner surface of the SLA skin, sensors AAT932T, AAT936T,
and AAT938T, did not exceed 155° F.
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Figures T7.4.1-5 and T7.L4.1-6 show measured time histories for SLA
sensors AAT931T (outer) and AAT932T (inner), respectively. Temperature
predictions were prepared, utilizing the actual spacecraft 0ll ascent
trajectory and pressure ratio data obtained from wind tunnel tests.

A maximum and a minimum predicted response are shown on each of the
figures. The maximum response is based on SM radiation interchange with
the sun and the earth. The minimum response is based on radiation
exchange with space only.

A discontinuity is seen in the measured data at approxi-
mately T+1L45 seconds for sensor AAT931T (fig. 7.4.1-5). A similar jump
in temperature was observed at T+1L45 seconds for all of the outer skin
thermocouples (SM and SLA) which were not located under cork or in the
vicinity of the vertical splices. This jump in temperature was caused
by rocket plume convection and radiation heating from the forward
firing retrorockets used to separate the S-IB stage. Launch vehicle
data indicated that the increase in temperature due to retrorocket plume
impingement was 17° F at the forward end of the S-IVB stage, as compared
with 12° F predicted before the flight.

Concluding remarks: The SM and SLA temperatures measured on space-
craft 011 were within their respective design values maximum tempera-
tures of 475° and 490° F, and thereby support the results of
Mission AS-201 in thermally qualifying these structures for future
operated Saturn I missions.
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7.4.2 Heat protection.-

Description: The thermal protection subsystem for Mission AS-202
(sC 011) was similar to that used on Mission AS-201 (ref. 9) with the
following exceptions:

(a) Increased ablator thicknesses on the leeward side of the crew
compartment.

(b) Increased ablator thicknesses around the aft heat shield
shear-compression and compression pads.

(c) Increased ablator thicknesses on the aft heat shield, up-
stream of the umbilical.

(d) Heat protection for the astrosextant and telescope instead
of moveable doors.

Figures 7.4.2-1 and 7.4.2-2 indicate the locations of the tempera-
ture measurements.

Performance:

(a) Aft heat shield. The aft heat shield ablator was charred
over its entire surface as expected (fig. T7.4.2-3). As expected, the
char penetration was deeper than on spacecraft 009. Very little sur-
face erosion was evidenced. There was no evidence of severe erosion
on the heat shield around the umbilical, shear-compression and compres-
sion pads, although some evidence of erosion was evident between the
honeycomb segments and around some ablator repairs.

Examination of cores taken from representative eroded areas showed
similar char patterns as cores obtained from other areas of the ablator.
It appears that the erosion occurred sometime after entry, possibly by
the water at impact. If the erosion occurred during entry there would
be more erosion of the cavity sides and edges and deeper penetration of
the char underneath. On spacecraft 012 and subsequent heat shields, the
spacing between honeycomb segments has been made smaller by improved
manufacturing processes and the ablator repair techniques have also
been improved.

The three tension tie rods were melted nearly flush with the shear
compression pad surfaces. The TRV around the tension ties performed
satisfactorily. The pad surfaces were built into the general surface
contour of the ablator and the design performed well.
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The temperatures measured in the aft heat shield are shown in
figure 7.4.2-4. By extrapolating the temperature curves for the temper-
ature in depth, figure 7.4.2-5 shows a reasonable correlation of the
1050° F isotherm compared to the char sensor data.

Table T7.4.2-1 gives a comparison of measured char depths from the
heat shield cores with the 1000° F isotherm from the extrapolated tem-
perature data and a comparison of the 600° F isotherm with the core
discoloration penetration. The first two locations show good correla-
tion using six thermocouples that responded in depth. The disagreement
of the data at location Z (34.5) cannot be explained at this time.
However, the char depth measurement appears consistent with other core
data from intermediate locations where no temperature sensors were
located. The remaining locations only had three thermocouples in depth
that responded, making it difficult to extrapolate accurately to the
depth of the char interface.

(b) Crew compartment heat shield. The crew compartment heat
shield showed little or no evidence of ablation and, in some areas,
little evidence of aerodynamic heating (fig. T.b4.2-6).

Some ablation did occur near the roll engines by the propellant
depletion burn as expected. However, the ablator erosion was not as
severe as on spacecraft 009 (Mission AS-201). The windward scimi-
tar (+2) burned off as expected with no effect on the main ablator. The
umbilical wires that extended approximately 1 inch in front of the
umbilical after being severed were still protruding, giving evidence of
lesser heating than on spacecraft 009. A temperature measurement
several inches inside the umbilical wires showed a peak value of L60° F.
There was no temperature increase in the air vent duct during entry.

Figure T7.k.2-T shows that the astrosextant thermal protection area
received little or no heating. The top of the frame near the parachute
on the windward meridian was smudged and gave some indication of
impinged heating. Thermosensitive paint on the structure in the para-
chute bay indicated a temperature of more than 250° F but less than
500° F.

Because of the low heating environment for the astrosextant passive
thermal protection subsystem during entry, postflight tests were con-
ducted to temperatures and loads anticipated for an entry with an L/D of
0.4. The results indicated that no failure could be expected for
Block I flight with an L/D up to 0.k.
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The heat shield performed well during the mission and, since the
entry heating load exceeded those predicted for nominal manned earth
orbital entries, the Block I heat shield is now considered qualified
for high heat load (nondecay) type entries from low earth orbits.
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Figure 7,4.2-1,- Aft heat shield ablator temperature
measurement locations, Mission AS-202,
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Figure 7,.4.,2-4,- Aft heat shield temperature measurements at depths indicated,
Mission AS-202,
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Figure 7.4.2-4,- Continued.
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7.5 Mechanical Subsystems

Summary .- Components of the mechanical subsystems flown on Mis-
sion AS-202 included the canard subsystem, the uprighting subsystem,
the deployment mechanisms for the recovery aids, and the latching
mechanisms for the side ablative, side pressure, forward pressure, and
boost protective cover hatches. All components perfcrmed satisfac-
torily, although the canard and uprighting subsystems were not required
to operate because of the nominal nature of this mission.

Subsystems description and performance.- The following paragraphs
describe the configuration of each of the components required to oper-
ate and its performance.

Recovery aids deployment mechanisms: The deployment mechanisms
for the postlanding recovery aids consisted of those used to deploy
the VHF and HF antennas, the flashing light, and the sea dye
marker/swimmer umbilical. These mechanisms operated properly.

The recovery antennas and flashing light were located in the for-
ward compartment and their deployment mechanisms were identical.
Each was activated by a pyrotechnic cutter (section T7.10) actuated by
means of a lanyard attached to the parachute riser. When the main
parachutes were deployed, the lanyard pull caused the activation of
the 8-second time-delay cutter device, which released the spring-
operated deployment mechanisms.

Postflight inspection of the antennas and flashing light confirmed
that all had erected as planned, and examination of the mechanisms
revealed no indication of damage during the flight or at landing.
Signals were received from all antennas on spacecraft 011 after
deployment. The flashing light was observed to be operating satisfac-
torily during recovery operations (section 9.3). The flash rate was
timed at different periods during recovery operations, beginning at
9 hours after touchdown and ending when the light was turned off at
14 hours after touchdown. The rate was constant at 20 flashes per
minute. (It is required to flash 8 to 24 times a minute.) Inspection
of the light installation revealed that the bulb was improperly
installed, that is, the small compression spring which holds the
bulb/connector in place was not inserted in its housing (fig. 7.5-1);
consequently, the bulb was loose in its retainer. Inspection of the
flashing light assembly on spacecraft 012 indicated that it is properly
installed for Mission AS-20L.

The sea dye marker/swimmer umbilical deployment mechanism con=-
sisted of a rectangular canister which was spring-loaded on a deploy-
ment platform located in the -Z bay of the CM upper deck. This
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canister contained the dye can which was packed with fluorescein dye.
(The dye is dispersed through two small orifices in the can and is
required to last 12 hours after deployment while producing a slick of
at least 20 000 square feet.)

The deployment mechanism latch was triggered by a lanyard that
was pulled when the HF antenna was erected after landing. The canister
was deployed overboard by redundant springs but remained attached to
the CM by a cable which included the swimmer telephone umbilical. The
search aircraft which visually located the spacecraft reported spotting
the dye slick at a range of approximately 2 miles. The slick size was
subjectively reported as "small" although the observer did comment
that the sun reflection hampered his view (section 9.3). The dye
restraint cable was used as a tether for a life raft by the first
swimmer alongside the spacecraft. This could severely restrict the
continuing dispersion of the dye which would influence the subsequent
observations which would be made.

Inspection of the swimmer telephone umbilical after recovery
revealed that the telephone wire insulation was chafed by the upper
deck ablator edge (fig. 7.5-2). It is suspected that the chafing was
caused by the use of the cable as described above. It was known
prior to the flight that the insulation might be damaged, but preven-
tative action was waived for this unmanned mission. An additional
protective sleeve is being included in the cable assembly for space-
ecraft 012 to provide some abrasion protection.

Side ablative hatch-latching mechanism: The side ablative hatch
is located on the -7 side of the outer structure of the CM conical
surface. The hatch latches must retain the hatch in place to maintain
the integrity of the structure and heat shield ablator. A detailed
description is presented in section 5.5 of reference 8. The hardware
was of a Block I design and was similar to that used on Missions A-00k
and AS-201 with the exception that the emergency release bar was not
installed.

The side ablative hatch-latching mechanism performed satisfac-
torily on this flight. The mechanism retained the hatch in place
during flight and was operated satisfactorily after landing. Preflight
hatch closure was accomplished without the use of torque wrenches,
and so data on preflight torque required to latch the mechanism are
not available. Postlanding torque required to unlatch the mechanism
was 275 in-1b. The design torque limit was 260 in-1b to either latch
or unlatch the mechanism. Previous bench tests of the mechanism
have indicated that torgques up to 500 in-1b cause no permanent or
harmful structural deformation.
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Side pressure hatch-latching mechanism: The side pressure hatch
is located on the -Z side of the CM and relies on the inside cabin
rressure for the "hard" seal against the CM inner structure. The
hatch is held in place by machined-edge members on fthree sides and a
latch/release mechanism on the remaining side. A detailed description
is presented in section 5.5 of reference 8. The hardware was a Block I
design and was similar tc that used on iMission A-0CkL except that the
high strength pinion gear, as discussed in the following paragraph,
was included. The side pressure hatch-latching mechanism performed
satisfactorily for this mission in that the hatch remained latched
during flight and releasel satisfactorily during recovery.

The pinion gear on the hatch-latching mechanism was redesigned
and made stronger so that higher torques could be used when operated.
This new design was incorporated on spacecraft 011 and on subsequent
spacecraft.

Hatch closure was accomplished without the use of torque wrenches
thus preflight torque required to latch the mechanism was not recorded.
A torque of 200 in-1b was required to unlatch at recovery. The design
torque limit of the mechanism was 600 in-1b. The hatch was reinstalled
and then removed a second time; both operations required less than
250 in-1b of torque (section 9.3).

Forward pressure hatch-latching mechanism: The forward pressure
hatch was located at the top of the tunnel on the upper deck of the CM.
The hatch-latching mechanism locked the hatch in position to maintain
the structural and pressure-seal integrity of the pressure vessel
throughout the mission. The hatch provided a pressure seal seated by
means of a breech lock configuration. A bolt-type locking mechanism
retained the hatch against rotation and disengagement during the
flight.

Boost protective cover hatch-latching mechanism: The BPC
hatch-latching mechanism hardware flown on Mission AS-202 was a Block T
design, except that it did not include the astronaut push plunger which
allows unlatching of the hatch from within the spacecraft while the
ablative hatch is still installed on the vehicle. The latching
mechanism apparently retained the hatch properly during launch.
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7.6 Earth Landing and Impact Attenuation Subsystem

Earth landing subsystem.-

Description: This was the first flight test of a complete Block I
type ELS. The differences from the ELS on Mission AS-201 are shown
in table 7.6-I. The Block I ELS, stowed on spacecraft 0ll before
flight, is shown in figure T.6.1.

For Apocllo Mission AS-202, operation of the ELS was controlled
by the earth landing sequence controller (ELSC) baroswitch and logic
functions. The functions of the ELSC are sequenced through two
redundant earth landing sequence controllers with crossover provided
for all events except main parachute harness disconnect.

Performance: As planned for the Mission AS-202 normal entry
recovery mode, closure of the high-altitude baroswitches (at
T+5217.8 seconds and 10.97 in. Hg) initiated logic power to the master
events sequence controller (MESC) for forward heat shield jettison,
and to ELSC systems A and B, starting the ELSC 2-second timer. Forward
heat shield jettison occurred at T+5218.3 seconds, and drogue mortar
fire was initiated after time out of the ELSC 2-second time delay at
T+5219.9 seconds.

Drogue disconnect and pilot mortar fire were initiated simultane-
ously by closure of the low altitude baroswitches at T+5268.2 seconds
and 20.1L4 in. Hg. Landing occurred at T+5582.2 seconds.

Analysis of the onboard motion picture film from camera 4, mounted
in the top of the upper airlock hatch, confirmed that the forward
heat shield not recontact the CM after jettison. Deployment and
inflation of the forward heat shield parachute were normal.

ELS event times were obtained from the data storage equipment
(DSE) onboard tape recorder bilevel data. No visual or radar refer-
ences were available to evaluate ELS performance prior to landing.

A qualitative judgment can be made of the CM/ELS dynamic perfor-
mance by analyzing the amount of contact between components of the
ELS and the CM upper deck structure. No evidence of contact of the
drogue parachute steel cable risers with the airlock upper lip
(fig. 7.6-2) indicates that the CM was in a favorable aft heat-shield-
forward attitude at drogue parachute deployment. Minimal contact of
the main parachute harness legs with the drogue mortar cans
(fig. 7.6-2) and other ELS components with any upper deck structure
indicates a favorable aft heat-shield-forward attitude at main para-
chute deployment. The main parachutes were disconnected at touchdown
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and sank before the recovery forces arrived. The average rate of de-
scent of the CM from 8000 feet to sea level was approximately

27.5 ft/sec. Altitude versus time from ELS sequencer start to impact
is plotted in figure 7.6-3. This chart is generated from data re-
ceived from the onboard barometric static pressure transducer (cor-
rected to actual day).

The discoloration observed on the white Nomex main parachute
retention flaps was normal and was from the blast of the forward heat
shield thrusters. The discoloration was not so noticeable on the
olive drab Nylon retention flaps used on previous missions.

Impact attenuation subsystem.-

Description: The impact system consists of four crushable
aluminum honeycomb ribs mounted in the CM toroidal section 150 degrees
from the +Z-axis and eight impact struts attached to the crew couch or
instrumentation platform. The X-X and Z-Z struts stroking loads are
developed by a frictional device and by crushing of aluminum honeycomb.
These struts can stroke in either tension or compression. The Y-Y
strut loads are developed by the crushing of aluminum honeycomb alone,
and operate only in compression (refs. 8 and 9).

The impact system on Mission AS-202 was the most representative
of a manned configuration to date. The Z-Z and Y-Y struts in space-
craft 01l retained the unmanned, stepped, load strcke curve used in
Mission AS-201. Manned-type Z-Z and Y-Y struts will not have a stepped
load value. The X-X struts were a manned configuration with lockout
devices which prevented strut stroking under high reentry accelerations
and vibrations. As planned for Mission AS-202, unlocking could occur
on impact only if the landing loads were slightly higher than those
required for normal, unlocked strut operation (approximately 2lg
and 1/8-inch stroke for X-X lockout breakout as compared to 18g to 20g
for normal operation after lockout breakout). Manned type X-X struts
were required for the 985-pound platform weight on spacecraft 0l1.
A manned couch would weigh a maximum of approximately 918 pounds.

The operation and attenuation capacity of the struts is indicated
by the load-stroke curves (fig. T.6-L4) as follows; the X-X strut
lockout devices supply an additive honeycomb core lcoad to the main
strut core and friction load for approximately 1/8 inch of stroke.
After breakout, the X-X and Z-Z (which has no lockout) strut operation
is similar. The initial stroking load is developed by core crushing
and friction. As long as a sufficient load is present, the stroking
in the applicable direction continues. If the vehicle were overturned,
putting the load on the struts in the opposite direction, the return
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load would be provided only by the friction device until honeycomb was
encountered at the initial position of the strut piston. If the
vehicle were to overturn again so that the load would be in the origi-
nal direction, the friction device would again supply the load until
the remaining core material was encountered, at which time the load
would return to the initial stroking lcad. This cycle can continue
until all core is crushed. As previously stated, the Y-Y struts
operate only in compression and have no friction devices.

Performance.- System performance was satisfactory. The X-X struts
for Mission AS-202 had been static tested preflight to verify a normal
20g reentry capability. Postflight measurements indicated that no
strut stroking had occurred. The lockout devices remained in a locked
condition throughout the mission and did not break out on impact.

Strut stroking is expected to occur in less than 10 percent of all
Apollo water landings.
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Figure 7.6-4,~ Impact attenuation strut design load - stroke curves
for unmanned mission, Mission AS-202,
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7.7 Service Propulsion Subsystem

Summary .- Mission AS-202 was the second flight test of the service
propulsion subsystem (sPS). Primary test objectives were to verify SPS
standpipe fix by a minimum burn of 198 seconds for the SPS and to dem-
onstrate multiple SPS restarts (at least three burns of a minimum
3-second duration at 10-second intervals). Secondary test objectives
were to determine long duration (approximately 200 seconds) SPS per-
formance, including shutdown transient characteristics, and to obtain
data on SPS engine burn stability.

Analysis of the data confirms that the SPS related test objectives
were satisfied., All four SPS burns were normal, as shown in
table 5.1-II. The engine performance was nominal during the ignition,
during shutdown transients, and during steady state operationj; the
flight data verified that no SPS anomalies occurred.

During the first burn (216-seconds duration), the standpipe fix
to the retention can in the oxidizer sump tank was verified, in that
helium ingestion did not occur when the propellant level dropped to the
top of the retention can. During Mission AS-201 flight, severe helium
ingestion occurred at this propellant level height, and subseguent
investigations indicated that severe damage had been done to the
retention can and standpipe during Mission AS-201 vehicle checkout.
Figure 7.7-1 shows the retention can design and the redesign obtained
by adding a "double wall" for increased strength, as compared to
spacecraft 009.

The last 31 seconds of the first burn and the 89 seconds of the
second burn were completed with the top of the retention can exposed
to the pressurant ullage gas. Only normal propellant flow rates and
helium consumption were observed during Mission AS-202 flight indica-
ting that no helium leakage occurred through the retention can.

The double-walled standpipe fix substantially increased the
structural integrity, based on design analysis and test data.

No combustion instability was recorded by the engine vibration
monitors (see section T7.1).

Description.- The Block I type SPS configuration was described in
reference 9, and ic indicated in the schematic layocut of the SPS subsys-
tem in figure T7.7-2. The differences in Mission AS-202 SPS configuration
from the configuration for Mission AS-201 flight were as follows:

(a) The propellant loading was 50 percent of capacity (sump tanks
were filled to the top of the transfer line standpipe).
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(b) The gaseous nitrogen (GNE) tanks were initially loaded at
2690 psia.

(¢) The retention can standpipe was modified by welding aluminum
gussets to the three standpipe-stillwell brackets for additional
strength. A stainless steel tube was installed inside the original
aluminum standpipe internal to the retention cans of the fuel and
oxidizer sump tanks. The aft end was welded to the standpipe elbow
and the forward end was flanged external to the zero g can.

(d) The propellant utilization valve was installed, but it was
intentionally disabled.

(e) The flight combustion stability monitor (FCSM) unit was
installed, but it was intentionally left inoperative since the inter-
face network required for the CM was not installed due to impact of
schedule delay for installation. The measurements of one of the FCSM
unit's accelerometers were recorded on the onboard flight recorder.

(f) The helium relief valves were relocated downstream of the
heat exchanger, as shown in figure T.7-2.

All SPS components were certified for this short duration mission.
Several prelaunch hardware discrepancies existed (table T.7-I);
however, no mission degradation occurred as a result of these
discrepancies.

The results of the analyses of the propellant and gas materials
loaded are presented in table T7.7-II. ‘The critical life of the SPS
components is shown in table T7.7-III.

Propellant loading was accomplished 5 days prior to launch in
12 hours of elapsed time. During the propellant servicing procedures,
after the fuel and oxidizer sump tanks were fully loaded to the top of
the standpipe, ullage pressures decayed due to leaking ground support
equipment (GSE) relief valves. This condition caused 22 pounds of fuel
to overflow into the transfer line and the fuel storage tank, as the
ullage pressure decayed from 88 psig to 0 psig. This allowed the
liquid level to rise above the top of the standpipe. The oxidizer sump
tank ullage pressure decayed from 85 psig to 63 psig; however, no
oxidizer was reported to have overflowed into the transfer line. The
propellant loading procedure for Mission AS-202 was based on a volu-—
metric loading to fall to the top of the sump tank standpipes. Future
requirements as presently known will not permit the initial propellant
level to be in the vicinity of the top of the standpipe. Thus, no
propellant can be transferred back into the storage even if a GSE
equipment failure occurs on future spacecraft. The fuel trapped in
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the transfer line can permit a 10- to 20-psi pressure drop in the effec-
tive ullage pressure, and allow a lower tank feed pressure than is nor-
mally expected. Similar problems were experienced on Mission AS-201.

The fuel inlet pressure measured indicated a l-psi rise instead of
a 3.7-psi rise during S-IVB flight. S-IVB shutdown did not show a
pressure drop (10.6 psia was expected). This indicated that the
fuel transfer line was filled with propellant; however, there were no
adverse effects. The oxidizer inlet pressure data did not indicate
that the transfer line was filled with oxidizer.

During the pressurant gas servicing, it was discovered that the
airborne half GN, fill coupling (TP8) on the bank A engine bipropel-

lant valve was damaged during system checkout and leaked excessively
with the dust cap removed. To facilitate filling, a Schroeder valve
was brazed to the dust cap. However, an undetected leak persisted at
the approximate rate of 35 psi/hr. Bubble-fluid leak checks of the
system from the GN2 bottle to the three-way solenoid valves did not

locate the leak. All possible leak areas could not be checked due to
packaging. The bottle was repressurized at T-2 days to 2690 psig and
leaked to 1650 psig at the time of launch.

All other measurements of the system showed normal conditions,
including pneumatic and solenoid valve positions.

Performance.— Table 7.7-IV shows that the SPS first burn ignition
was 10 seconds early; consequently, the remainder of the SPS sequences
were also 10 seconds early. This was due to the above-normal launch
vehicle performance which resulted in early launch vehicle/spacecraft
separation.

Two modes of shutdown were provided in spacecraft Oll: (a) guid-
ance and navigation (G & N) cutoff when the desired delta velocity
change had been obtained, and (b) a backup ground command based on
minimum propellant interface pressure or chamber pressure, whichever
occurred first. All four burns were terminated by G & N cutoff, and
close agreement was obtained between the desired and actual delta
velocities (table 7.7-IV).

Steady state SPS operation: The four SPS burns were normal, and
the performance was about as expected with chamber, inlet, and tank
pressures being nominal. Tables T7.7-V and 7.7-VI show the SPS flight
measurements for each of the burns and coast periods. The performance
of the SPS was analyzed by using an engine mathematical model program,
best estimate propulsion parameters (BEPP), which utilized the SPS
flight measurements. The engine model program used the flight measured
parameters and, by iteration methods, was capable of resolving
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measurement bias accurately and of isolating discrepant inputs. This
accuracy was achieved due to the continuing refinement of the program
in analyzing past data accumulated on the SPS.

Chamber pressure: The chamber pressure analyzed for the four SPS
burns was 99 to 104 psia, which was nominal. The chamber pressure time
histories indicated no anomalies, and the engine performed satisfacto-
rily. Figures 7.7-3 and 7.7-4 show the recorded chamber pressure for
the four burns and also the analyzed chamber pressure. Figure T7.7-3
indicates that chamber pressure showed a T-psi "hump" for 20 seconds
during the first part of the burn, after which charber pressure
increased from 101 to 104 psia during the rest of the burn. Utilizing
the vehicle accelerstion data, the engine model progran proved the
flight chamber pressure was 99 to 100 psia, showing that the recorded
chamber pressure measurement was biased by +3 psi and that the "hump"
was not real. The chamher pressure for the last tiree burns did not
show the "hump," altnough engine model analysis showed a bias of 3 psi.
{3ee discussion on chamber pressure transducer.) The measured clamber
pressure was not used to analyze engine performance since it was biazed.

System feed pressures: The tank pressures and engine inlet pres-
sures during the four burns were norminal. The oxidizer tank pressures
were 173 psia, and the fuel tank pressures were 172 psia, constant for
the four firings. The oxidizer inlet pressure was 156 psia, and the
fuel inlet pressure was 152 psia, constant for the four burns
(table T7.7-VI). The BEPP program showed, by using the measured inlet
feed pressures to derive tank pressures and chamber pressure, that the
best vehicle acceleration match was obtained with measured flight
accelerations. The differences in the analyzed tank pressures and
chamber pressure obtained from the program compared to the measured
values obtained during flight are the biases discussed in this report.
The contribution of the feed system biases to flow rates is illustrated
as the flow rate deviations from nominal values, and the flow rate
biases represent the differences between analyzed and flight measured
values obtained from the BEPP programn.

The engine model program verified that the measured system tank
pressures were biased by 2 psia with respect to the interface pres-
sures, and that the interface pressures were more accurate in deter-
mining SPS performarnce.

Flight data analysis obtained from the BEPP program has shown that
the quality of instrumentation accuracy is not acceptable for a more
detailed analysis. The pressure transducers measuring tank pressures
and chamber pressure had small (2 to 8 psi) biases and/or drift. The
temperature measurements for the propellant feed system showed biases
of L° to 10° F.
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Propellant gaging system: Propellant gaging system data showed
that the primary gaging system and the auxiliary gaging system func-
tioned normally. The BEPP program analysis indicated the maximum devi-
ation for the oxidizer flow rate was 0.6 1b/sec above nominal, and for
the fuel flow rate was 0.65 lb/sec below nominal (table 7.7-VI).

Both the primary and auxiliary propellant gaging systems had
appreciable biases which lowered the readings of the indicated masses
of both the fuel and oxidizer.

The propellant mass biases for both systems primarily came from
two sources: (a) improper relationships between the propellant
loaded onboard and the propellant tank level used as a reference
electrical signal input to the gaging system, and (b) a difference in
level between the propellant in the tank proper and the propellant in
the stillwell.

There was no propellant calibration to equate the propellant
loaded onboard and the propellant tank level referenced by the gaging
system. The source of bias for the difference between the liquid levels
in the tanks and the inside of the gaging system stillwells was that
the standpipe was, in essence, a manometer effect and balanced the
pressure at the bottom of the stillwell with a fluid head. Under
nonflow conditions, this fluid head would equal the level of propel-
lant in the tank. However, when the propellant was flowing, the fluid
head in the stillwell was reduced by the dynamic head of the propel-
lant flowing by the bottom of the standpipe. Also, this effect was
recently observed in spacecraft 00l testing at White Sands Test Facility
and is shown in table T7.7-VII. It is believed that this phenomenon is
characteristic of the Block I system design of the propellant utiliza-
tion and gaging system (PUGS) and will be observed during the flights.
Action has been taken to more accurately determine the magnitude of
this effect for Block I manned mission real-time support. The Block II
retention reservoir is being designed to correct for this effect.

During the real-time support period of Mission AS-202 the propel-
lant flow rates were calculated after correcting the quantity display
readings for these biases. The calculated flow rates were in good
agreement (l-percent accuracy) with flow rates obtained from the BEPP
program.

(a) Primary gaging subsystem. The primary gaging subsystem
indicated, after correcting the propellant quantities for the biases,
that the propellant flow rates from the primary gaging subsystem during
the SPS first and second burns were 0.2 1lb/sec of oxidizer above nominal
and 0.45 1b/sec of fuel below nominal.
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(b) Auxiliary gaging subsystem. The indicated propellant level
chowed a sudden decrease of 1000 pounds of oxidizer at SPS first burn
ienition plus 56 seconds, and 220 pounds of fuel at ignition plus
13 seconds. This was due to the above manometer effect, causing a
greatef propellant level drop in the stillwell than in the standpipe.
These were point sensor resets caused by the large biasing effects of
the dynamic head. The oxidizer point sensor (number 1) did not reset
because it was uncovered during the initial 4.5 seconds of firing, dur-
ing which time the sensors were locked out. Thus, the oxidizer value
was not reset to azccount for the bias effect until sensor number 2
uncovered at 56 seconds.

The auxiliary gaging subsystem indicated that after correcting for
the effects of the b ases during the SPS first burn, the auxiliary
subsystem fuel trace agreed with the primary subsystem fuel trace to
within 50 pounds, and the auxiliary subsystem oxidizer trace agreed with
the primary subsystem trace to within 230 pounds. This caused the devia-
tion of measured flow rate of 1.4 1b/sec of oxidizer above nominal and
1.2 1lb/sec of fuel below nominal for the first burn. The auxiliary
gaging subsystem indicated the SPS second burn showed flow rates of
0.2 1b/sec of oxidizer above nominal and 0.72 1lb/sec of fuel below
nominal.

The engine performance noted by specific impulse (%Sé) was 3.3 sec

above the nominal (%S for the first and second burns, as shown in
table T.7-VI. v

During the coast periods between the SPS burns, all parameters were
nominal as predicted (table T7.T7-VI).

Helium tank pressure, divided by absolute helium tank temperature
(fig. 7.7-5), maintained a steady decline throughout the first and
second burns, indicating a constant helium consumption.

Combustion stability: An accelerometer (SP1031D) mounted on the
injector in the radial direction indicated a steady state vibration of
+15g to +25g throughout the burns. The start transient spikes were in
the range of 87g to 137g (see section T7.1l) peak to peak for 3- to
10-millisecond durations for the four burns. The frequency was 2000 to
2200 cps (fig. 7.1-28). These engine vibration levels were within the
specification range of 180g peak to peak for 60 milliseconds at frequen-
cies between 600 and 5000 cps.

Shutdown transient characteristics: The service subsystem shut-
down characteristics were determined by measuring the total impulse from
the analyzed thrust time history for the first and second burns. The
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measured total impulse during shutdown was 11 630 lb-sec for the first
burn and 11 400 lb-sec for the second burn. The shutbown transient
total impulse obtained from the spacecraft 01l engine acceptance test
averaged 8535 lb-sec. These values are within the engine specification
range of 8000 to 13 000 1b sec for total impulse.

Absence of quiescent current on the gimbal actuator clutches:
Prior to 609.L49 seconds, there was no current to the gimbal actuator
clutches. Using this mode of operation, there was nc restraint to
movement of the nozzle extension during the boost phase. Current was
applied specifically to retard this movement during Mission AS-201.

Figure 7.7-6 shows the extension positions of both the pitch
(CHOO3L) and yaw (CH103Lk) actuators during the AS-202 boost. The fol-
lowing conclusions are indicated in figure T7.7-6:

(a) The nozzle extension moved slightly during boost due to
expansion of the gimbal actuator case. This was normal and predictable.

(b) The greatest movement occurred during S-IVB separation when
the gimbal motors were positioning the nozzle (see section T7.11.3,
orbital phase). This movement was normal.

(¢c) The nozzle extension did not tend to swing in oscillatory
motion but, rather, to align itself along the vehicle center line of
thrust.

In summary, no reguirement appears to exist for restraining move-
ment of the SPS nozzle extension.

Gaging subsystem checkout: The gaging subsystem could not be
checked out {(table T7.7-I), and this induced an error in setting the
amount of propellant to be gaged into the gaging subsysten (see
previous discussion). Corrective action is being taken to fix the
GSE C1L-352 unit to obtain an accurate gaging subsystem checkout.
This unit will also permit propellant calibration of the gaging sub-
system when the propellant is loaded for future vehicles.

Instrumentation: During the SPS first firing, the chamber pres-
sure measurement showed a "hump" of 7 psi and bias over the actual
chamber pressure (fig. 7.7-3).

The chamber pressure transducer is made by micro subsystems and is
required to be accurate to 5 percent of full scale (150 psia) and is
temperature-compensated to 200° F. The transducer is used in a thermo-
environment of 5000° F, and the high heat fluxes are expected to cause
a zero shift and a degradation of the instrument linear response.
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During the first two burns the instrument skowed a bias of 3 psi
(3 percent) which is acceptable, considering that the transducer was
used in an envircnment for which it was not designed.
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TABLE 7.7-I.- CRITICAL SPS PROBLEMS DURING KSC CHECKOUT OF SPACECRAFT

Problem

When and where
discovered

Posaible effect on
SPS performance

Disposition

Abtsence of aluminae
coating on nozzle
extension flange.

During the conduction
of Specification MA
0210-0026, SPS noz-
zle extension instal-]
lation and leak checkl
at KSC, excessive
leskage was dis-
covered at the peri-
phery of the nozzle
flange.

Allow excessive side thrust
forces and possible nozzle
separation during flight.

Investigation showed the aluminae coating applied to the colum-
bium flange for oxidization prevention was very rough and
irregular, causing an improper seal to be made. While
smoothing these surface irregularities with 200 to LOO grit
silicon carbide paper, a negligible amount of coating was
removed from columbjum inside the sealing surface. This
portion would be exposed to the hot gases during engine fir-
ings. After reinstallation of the nozzle extension and a
series of torque sequences, the majority of the leakage was
removed.

Both the leakage and absence of aluminae coeting on the fliang
is acceptable to NASA MSC and KSC. The leakage is of such
amall magnitude that normal heating and expansion of the seal
during SC-011 SPS firings will completely eliminate these
leaks. It is also felt that the absence of aluminme coating
will not degradate the flange during the SC-011 flight dura~
tion, even with a small amount of leamkage present.

Loes of gimbal bearing
lubricant.

Found during the
inspection of space-
eraft upon its arri-
val at KSC from
Dowmey .

Potential bearing freeze dur-|
ing flight which would not
allow engine to gimbal.

Sufficient vacuum testing completed at AGC to demonstrate, for
S5C-011 mission duty cycle, that the gimbal bearing would not
freeze if loss of lubricant occurred.

Test Port 17 leaking
glightly; Test Port
18 leaking exces-
sively.

An unknown foreign
material was observed]
on poppet seals dur-
ing system checkout
OCP-K-40B2 performed
August 15 to 17.

Loss of pressurant gas, per-
mitting possible low ullage
pressures.

When the normal dust caps were installed and locked wired, the
test ports did not indicate leakage. Leakage protection wes
not redundant at these test porta.

Nozzle extension
thermocouples S50, 51,
52, and 53 grounding
strap broken.

Vehicle checkout during
May 20 to 28, 1966,

at LC® 3.

No effect. Afraid of damage
to hardware, as vehicle was
erlready stacked and work
area made readily {nacces-
sible.

Fly without the instrumentation; have not experienced mny nczzle
problems in 2 years and none is expected.

Engine primary C-N2

bottle leaking exces-
sively.

During GN2 servicing

at 10 34 on

August 21, 1966, an
undiscovered leak
existed up to and
into the launch.

Loss of gas would inhibit the|
"A" valve bank actuation.

Could not determine the source of leakage; therefore, there was
the potential failure of the system. The leakage rate was
considered not to be detrimental to the success of the
mission.

Absence of quiescent
surrent to the gimbal
actuator clutches.

During simulated runs
at MSC on August 22,
the requirement for
quiescent current was
discovered to have
been deleted.

Vigorous moticn at the engine|
nozzle would strain pro-
pellant lines and cause
possible failure. The
clutches would have held
the nozzle in a null posi-
tion.

Analytical resulte indicated that a swving of S5 degreeas from null
would be required before severe strain could be established.
Boost flight phase should not glve this severe swing condi-
tion.

PUGS checkout unit
(C14-352) not usable.

During integrated
system test OCP-K-
0005 at LC 34 on
July 8 to 23.

Cannot verify and set accu-
rately the amount of gage-
able propellant loaded
cnboard or check the gaging]
system.

Previcus gaging system checkout was satisfactory. The Cl4-352
had degign problems, and faulty checkout wes believed to be
source of trouble, Did not perform checkout of the PUGS.

Propellant valve con-
tamination and
actuation timing
“races.

During SC-012 checkout,
aluminum oxide was
found in the bipro-
pellant valve. The
bipropellent valve
(Valve SN 114) for
8C-011 vehicle has
not been checked for
water (aluminum
oxide) in the actua-
tor bores.

Improper engine start and
ahutdown transients due to
slow valve timings or no
actuation at all.

The timing traces showed that valve no. 2 as 15 to 50 msec slow
and valve no. 4 was 15 meec slow in actuation; however, the
acutation time did not increase ms the valve was actuated. A
valve-timing trece can be obtained at the launch complex prior|
to launch, and the valve timing can bde compared to the valve
timing history.

It was noted that a SPS penumatic bipropellant valve has never
failed to operate, and the actuation timing traces indicated
the valve should operate patisfactorily.

8Launch complex.



7-14 L4

52 0sT Tand
t T 0 c 6 A:cmzv ADZTRTXN
"ogt oyt ese npse noL
040 01 0ul 840 0} 5iT o7 00T
(ne o ‘doot s3and woay ordwes Tw 005) 3unod 8TPTIIBI

"B1QEITEAT Q0N

ESt: LA

YN v
N N N N SN $04-8d8
wmITsy
nel g Ly g 0% 4Tun pasiq
3Jelosondg
Le 6°9n 706 (%€ PEA)
doo1 adang
Tonyg
ATUN paaTq
1JeIooovdg
160 1070 T°0 66 (nE PEd)
doo1 s8ang
Agomzv I5ZTPIXO
udd a4
‘uoqaed udd E I udd waozsd juanaad usoaad | quasaad |qusoaad | qusszsd | qusoasd
= z ¢ ‘g = i - =
~oapy | ‘0% /ol By |y ON gapraoTy) 7 ‘3H HAanN <y Ty
SqUBNYT35UOY ’
ZNZ-SY NOIDSTH H04d LNYHNSEING
Y SINVTTI0d4 SUSIIVNY SSUNITTINVEID A0 SE1NSdd = TII-L" )0




PR

TABLE 7.7-III.- CRITICAL LIFE COMPONENTS, MISSION A5-202

7-145

Maximum
Part number Serial number Nomenclature allow§ble Exp?nded
preflight time
operation
ME901-0L84-0002} 001890000029 |Engine, SPS, lifetime,
SEC v e e e e e e 90 Lb2.6
AGC1118931 001890000114 |Ball valve, fuel,
cycles
Wet v v v e v e 250 -
Dry 50 21
Ball valve, oxidizer,
cycles
Wet v o 0 0w . 250 -—
Dry .« . « . . 50 21
MEQ01-0615-0016] 001890000032 [ Gimbal actuator motor,
pitch, sec
Pitch motor no. 1 18 000 15 618
Pitch motor no. 2 18 000 15 618
MEQ01-0615-0016| 001890000027 | Gimbal actuator motor,
yaw, sec
Yaw motor no. 1 18 000 14 599.4
Yaw motor no. 2 18 000 14 599.4
VIT-343002-61 |10038L430001L4 |Propellant tank,
cycles 1 350 7
VI7-343002-61 |[100384300013 | Propellant tank,
cycles . . 1 350 7
VIT-342002-61 1100384200012 | Propellant tank,
cycles . . 1 350 T
VIT-342002-61 |100384200011 | Propellant tank,
cycles . . 1 350 7
VIT-347102 00LOTACX0015 | Helium tank,
cycles . 1 350 b
VI7T-347102 004OTACX0016 | Helium tenk,
cycles 1 350 L
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TABLE T7.7-IV.- SERVICE PROPULSION SUBSYSTEM PERFORMANCE, MISSION AS-202

Elapsed time, Change in velocity due to
sec SPS thrust, ft/sec
Event
Planned Actual Planned Actual
First burn
Beginning direct
ullage 610.8 597.0
SPS thrust on £23.3 609.7
SPS thrust off gL1.1 825.6 L036.8 4033.4
Second burn
Beginning +X
translation 3941.6 3926.1
SPS thrust on 3971.6 3956.1
SPS thrust off Lo61.2 LoLh.s 2292.8 2291.4
Third burn
Beginning +X
translation Lo62,2 LokLs.5
SPS thrust on LoT1.2 koskh.s
OPS thrust off Lotk.2 LosT.5 89.0 91.5
Fourth burn
Beginning +X
translaticn Lo75.2 Lo58.5
SPS thrust on L4o8L,2 Lo67.5
SPS thrust off LoBT.2 L070.5 89.8 92.5




TABLE 7.7-V.- PREIGNITION SERVICE PROPULSION SUBSYSTEM

MEASUREMENTS, MISSION AS-202
[At T+600 seconds]
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Measurement Measurement
no. Value
(a)

SPO0O1P Helium tank pressure, psia 3900
SPO0Q02T Helium tank temperature, °F . 82.0
SPCOO3P Oxidizer tank pressure, psia 171.5
SPOCOST Oxidizer line temperature, °F . T2.3
SPO006P Fuel tank pressure, psia 174.5
SPOOOBT Fuel line temperature, °F . T1.1
SPOOO9P Oxidizer interface pressure, psia . 172.0
SPOO10P Fuel interface pressure, psia . 173.0
SP0020T Thrust chamber outer skin temperature, °F . 70
SPOOLOT Fuel at interface temperature, °F . 81.1
SPUOLLT Oxidizer at interface temperature, °F . 81.5
SPO0OS50T Nozzle outer skin temperature, °F . lost
SPO060T Injector manifold temperature, °F . 54,1
SPO600P GN, tank (primary) pressure, psia . 1608
SPOG0OLP GN2 tank (secondary) pressure, psia . 2L35
SPO661P Thrust chamber pressure, psia . . . . 1

fa11 propellant valves were closed.
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TABLE T7.7-VII.~- PROPELLANT QUANTITY DISPLAY

[From spacecraft 00l tests at White Sands Test Facility]

Bias of
Sensor level Actual, Readout, manometer
number 1b 1b effect,
ib
Propellant, coxidizer
1 11 760 11 oko 720
2 10 2L0 9 700 540
3 T 840 T 320 520
b 3 820 3 3ko 180
5 2 koo 2 620 360
6 2 230 1 920 310
7 1 060 720 340
Propellant, fuel
1 > 970 5 710 260
2 5 190 5 010 180
3 3 960 3 760 200
4 1 900 1 710 190
5 1 470 1 300 170
6 1 110 950 160
7 L90 330 160

7-1L9
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NASA-S-66-10073
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Figure 7,7-5.~ Time history of helium consumption during 1st and 2nd SPS burn,
Mission AS-202
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7.8 Launch-Escape Subsystem

Description.- The launch escape subsystem for Mission AS-202 was
a Block I type configurationj however, provisions for abort initiation
by ground radio command and initiation of tower jettison by a launch
vehicle instrument unit signal or a ground radio command were added for
this unmanned mission. The Block I type LES has been flight tested
successfully on previous Apollo missions. The LES consisted of a nose
cone with Q-ball, canard assembly, ballast enclosure, pitch-control
motor, tower-jettison motor, launch-escape motor, and the launch-escape-
tower structure. The boost protective cover was attached to the LES
tower legs.

Performance.- Analysis of tracking camera film indicated that per-
formance was satisfactory and that the tower-jettison motor fired as
programmed (approximately 20 seconds after S-IVB ignition), removing
the LES and boost protective cover from the CM as planned.
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7.9 Reaction Control Subsystem

Performance summary of the CSM reaction control subsystem (RCS) .-
The CM and SM RCS inflight performance was entirely nominal throughout
the mission. All maneuvers using RCS thrusters were completed as
planned, and the attitude rates attained were as predicted. The
sequence of CM and SM RCS events is given in table T7.9-I.

Service Module RCS.-

Description: The service module RCS configuration on spacecraft 011
was identical to that on spacecraft 009 (ref. 9) with the following
exceptions:

(a) The SM RCS engine for spacecraft 011 was of the spacecraft 012
configuration, that is, it produced 100 pounds of thrust rather than
95 pounds of thrust, and had a fuel valve thermal standoff to increase
thermal resistance between the valve and injector.

(b) The propellant isolation valves were of a new design with
improved performance and propellant compatibility.

(¢) The helium isolation valve was of the spacecraft 012 con-
figuration, that is, an improved poppet design.

All SM RCS components on spacecraft Oll were certified for the
mission and no components were known to be malfunctioning or failed
prior to lift-off. However, a quad C relief valve burst diaphragm was
ruptured as the result of a pressure surge during activation. This
item is further discussed in the paragraphs which follow.

Servicing: The SM RCS propellant and helium pressurant servicing
was accomplished during the period of T-6 to T-5 days. System activa-
tion was accomplished at T-U4 hours 35 minutes. System servicing and
activation data are presented in table T.9-II. The RCS propellant
analysis is given in table T7.9-III.

Anomalies: The only anomaly encountered during the SM RCS pre-
launch countdown or mission occurred during activation of quad C on
the pad approximately 4-1/2 hours prior to launch. When the helium
isolation valve on quad C was opened to pressurize the propellant tanks,
the pressure downstream of the regulators surged to 320 psia during the
activation transient and ruptured the relief valve burst diaphragm.
The pressure subsequently stabilized at 220 psia following activation,
indicating that the overpressure ruptured the burst diaphragm and
vented overboard through the relief valve. At the first SM RCS burn,
the pressure downstream of the regulator dropped to nominal regulated
pressure indicating that the regulator was functioning properly.
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During system activation, with a pressure pad of less than regu-
lated pressure downstream of the regulator, the regulator poppet is
initially in the full open position and cannot start to close until
regulated pressure is attained. OSince the total system ullage volume is
only about 340 cubic inches, regulator response is very critical.

Resolution of anomaly and impact: This anomaly will be avoided on
future missions by precluding the necessity for the poppet to travel
from full open to full closed in this extremely short time period. This
will be accomplished by completing the following helium servicing pro-
cedure:

During helium servicing, helium will be supplied to the fill port
with the helium isolation valves in the open position. This will allow
the volume downstream of the regulator to attain regulated lockup
pressure causing the regulator poppets to travel to the closed position.
Servicing of helium to the source tank will continue to 4150 psia. A
system decay check will be performed after equilibrium has been attained
by closing the helium isolation valves and monitoring system decay.

Since no hardware change is involved, no schedule impact will occur.

Another possible anomaly was evidenced when the master caution and
warning light came on approximately 3 seconds into the flight. Exam-
ination of the RCS quad regulated helium manifold pressures revealed
that during the first 110 seconds of the mission, the regulated helium
pressure transducer output on quad D indicated a considerable amount of
data scatter, some points going below 155 psia. The first time this
occurred was approximately T+3 seconds. Since other instrumentation
(propellant manifold pressures) showed the regulated pressure to be
proper, it could only be assumed that the transducer was malfunc-
tioning. Recognizing that a helium manifold pressure signal below
155 psia would activate the caution and warning light, this data scatter
should have, and apparently did, activate the warning light.

Since the output from the quad D regulated helium pressure trans-
ducer was ccmpletely nominal after T+110 seconds and remained so
throughout the flight, the malfunction would have had to been inter-
mittent and probably associated with high vibration at launch. A
history of problems has been associated with the splice between trans-
ducers and the spacecraft wiring. High resistances and poor contact in
general were found in several instrumentation splices during spacecraft
011 checkout at KSC. These splices were remade at KSC and verified to
be satisfactory. UNevertheless, it could have been possible for the
vibration during launch to cause momentary bad connections which would
show up as voltage (hence, pressure) decrease spikes. To preclude the
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problems on spacecraft 012, the splicing procedures were reviewed for
inadequacies, better quality control was initiated, and each splice was
potted and bonded to the quad D panel to prevent flexing which could
cause failures.

SM RCS performance: Performance of the SM RCS throughout the
mission was nominal in every respect. All mission objectives were met
and the system performance was verified as satisfactory for the
AS-204 mission. Spacecraft accelerations produced by the RCS were
nominal for both attitude hold and maneuvering. All measured pressures
and temperstures were also nominal, showing no unusual or unexpected
results except for the gquad C regulated pressure during the boost phase
as discussed in the anomalies.

During the AS-202 mission, the SM RCS performed four +X translation
meneuvers, one direct ullage translation, four pitch maneuvers, and
maintained attitude control in pitch, yaw, and roll. The sequence of
events is shown in table T7.9-I. Spacecraft accelerations in pitch,
yaw, and roll during various phases of the mission are shown in
table 7.9-IV. In general, the correlation with the predicted acceler-
ations is quite good, considering uncertainties and inaccuracies in the
evaluation technique, the center-of-gravity locations, and the space-
craft moment of inertias. The velocity changes and average accelera-
tions produced during the four translation maneuvers are shown in
table 7.9-V. The delta velocities (AV) were taken from the G & N pulse
integrating pendulous accelerometers (PIPA) data. These integrating
accelerometers are intended primarily for the larger delta velocities
associated with the SPS burns and are relatively inaccurate for the low
level RCS delta velocities. Also the short duration of the burns and
data quality (data dropout) added considerable inaccuracy. Even with
these handicaps, the accelerations and velocities produced were quite
close to the theoretical values.

SM RCS propellant consumption for the mission and for discrete
maneuvers or periods of the mission were calculated using two techniques
and compared to the planned propellant budget. Using the helium source,
regulated pressures, estimated helium tank and propellant tank tempera-
tures (which were not measured on spacecraft 011), a PVT calculation
was used to establish the propellant usage. The second technique
involved summing the engine "on-times" or firing times and establish-
ing an average propellant flow rate for a discrete period from the
realized duty cycles and theoretical flow rate data. Table 7.9-VI
shows the average flow rates and total propellant used per quad for the
various maneuvers and phases of the mission. Figure 7.9-1 shows the
overall SM RCS propellant budget as computed by summation of engine
firing times and PVT, and compares these to the preflight planning bud-
get. The budget, as determined by summation of engine firings, was most
accurate with an estimated inaccuracy of +1 to 2 percent. The
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inaccuracy is primarily due to variations of the preopellant flow rate
with pulse widths. Maximum deviation of the PVT budget from this is

75 pounds. Overall inaccuracy for the PVT is estimated tc be +10 per-
cent (75 pounds deviation out of 800 pounds total for the system).
Maximum overshoot for the PVT technique due to transient conditions

was 10 pounds and lasted for apprcximately 20 seconds. During the early
portions cof the mission, when little propellant had been used, the
correlation between PVT and engine burn times was very good. Near the
end of the mission significant deviations appeared. This was due to
the fact that no temperature measurements, hence corrections, were made.
Significant improvement is expected when temperature measurements are
made, as is demonstrated by the PVT calculations made with temperature
measurements for the CM RCS (see CM performance evaluation). Con-
siderable deviation exists between the actual propellant budget (from
engine firings) and the flight plan budget because of assumptions,
estimations, and simplifications made in the flight plan budget.

Figures T7.9-2 through 7.9-5 show a more detailed breakdown of pro-
pellant consumption for four typical maneuvers. Again, the curve from
summation of burn times was quite accurate (i; to 2 percent of full load
inaccuracy). The average deviation of the PVT curve during the first
maneuver was approximately 3 pounds over the 5 pounds actually used.
Table T7.9-VII shows the helium source pressure drops associated with
these maneuvers.

Figures T7.9-6 and 7.9-7 show the distribution of pulses for a +X
translation maneuver and a pitch maneuver, respectively. These figures
show the number of pulses fired for various pulse widths based on a
5-millisecond sample interval. As shown for most attitude maneuvers,
most pulses are in the 50-millisecond range, while for the translation
maneuvers there is a distribution between 50-millisecond pulses and
700-millisecond pulses as well as the steady state burns (greater than
1 to 2 seconds).

Command Module RCS.-

Description: The command module RCS configuration on space-
craft 011 was identical to that on spacecraft 009 (ref. 9) with the
following exceptions:

(a) The propellant isolation valves were of a new design with
improved performance and propellant compatibility.

(b) The CM RCS engine for spacecraft 011 was of the spacecraft 012
configuration with epoxy-coated throat and liner and improved valve
design.
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(c) The oxidizer and fuel tanks on Mission AS-202 were of the
spacecraft 012 configuration which uses net-size bladders in both tanks
and 9-mil ends on the oxidizer tank bladders. Both tanks also had
liquid side vents.

A1l CM RCS components on spacecraft 011 were certified for the
mission and no components were known to be malfunctioning or failed
prior to lift-off.

Servicing: The CM RCS propellant and helium pressurant servicing
was accomplished during the period of T-6 to T-5 days. Servicing data
are presented in table T7.9-VIII. The propellant analysis 1s given in
table T7.9-I1II.

Anomalies: One anomaly was identified during the CM RCS prelaunch
countdown or mission. The anomaly identified concerned the CM A system
oxidizer and the B system fuel relief valve burst diaphragms that were
found ruptured during postflight inspection. An examination of the
data at the time of CM RCS activation indicated a pressure surge oc-
curred similar to that described in this report for the SM RCS quad C.
In the case of the CM, the ullage volumes are even smaller than in the SM.
Because of this, restrictive orifices have been placed in the helium
supply lines to limit the maximum helium flow rate. It has been deter-
mined that the orifice size currently being used is marginal. The
Block II orifice was therefore reduced to a smaller size.

CM performance evaluation: Performance of the CM RCS from acti-
vations, just prior to CM/SM separation, until system purge was
entirely nominal. All mission objectives were met and performance was
verified as satisfactory for the AS-204 mission. CM accelerations in
pitch, yaw, and roll were nominal throughout reentry as were the space-
craft attitudes. All measured system pressures and temperatures were
also nominal, showing no unusual or unexpected results.

During the reentry portion of the mission, the CM RCS5 performed a
pitch maneuver and several roll maneuvers, as well as provided attitude
hold control. Spacecraft accelerations, produced with dual system con-
trol, are shown in table 7.9-IV. Again, correlation between the theo-
retical accelerations was quite good considering the accuracy of the
evaluation data and technigues.

CM RCS propellant consumption for the mission was again calculated
using PVT techniques and accumulated engine firing times. For the PVT
calculation, helium source and regulated pressure and helium source gas
temperature were used as inputs. Table 7.9-VI gives the calculated
average engine propellant flow rate and total propellant used for both
systems of the CM RCS. Figure 7.9-8 shows the total propellant used
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(budget) during the reentry phase of the mission, comparing PVT with
"on-time" calculations and the predicted budget. The amount of pro-
pellant required for the various maneuvers (pitch and roll) can be read
from this figure. As in the case of the SM RCS, the propellant deple-
tion derived from the engine burn times was the most accurate (approx—
imately 1 to 2 percent). The maximum deviation of the PVT curve from
the summation curve was 2.5 pounds. Overall inaccuracy for the PVT
calculations was estimated to be #3 to 6 percent of full load. Maximum
overshoot for the PVT technique was 4 pounds and lasted for approximately
5C seconds. In general, PVT correlation was very good. The initial PVT
readings at L4260 to 4LOO seconds were useless, probably due to pneumatic
and thermal transients associated with the CM RCS activation and iaitial
firings. Once stabilization was reached (approximately 2 minutes after
separation), the data were acceptable. Due to the PVT technigue, the
data must be calibrated to the initial load and a fixed bias must be
established to adjust the PVT data to the O usage point (prior to

any firing). For the A system this was +2.8 pounds; for the B system,
+4.0k pounds. Again the flight plan budget deviates significantly from
the actual usage (derived from firing times) due to assumptions, estima-
tions and simplifications made in the flight plan budget. The pro-
pellant depletion burn was accomplished successfully, burning off
approximately 177.3 pounds of propellant. The helium purge was also
successfully accomplished. Figure 7.9-9 shows the helium source pres-
sure depletion corresponding to the propellant consumption curves.
Figure 7.9-10 shows the distribution of pulses for the CM RCS. As
shown, most pulses were in the 50- to 80-millisecond range.
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TABLE 7.9-I.~ RCS EVENT TIMELINE, MISSION AS-202

Time, sec
Event

On ofrf
Direct ullage 597.0 600.0
+X translation 600.0 610.7
First SPS burn® 609.7 825.6
Pitch to local vertical 837.1 886.7
+X translation 3926.1 3957.1
Second SPS burn® 3956.1 L4okk.s5
+X translation Loks.5 L055.5
Third SPS burn® L4o5k.5 4057.5
+X translation 4058.5 4068.5
Fourth SPS burn® 4067.5 4070.5
Pitch to separation attitude 4188.2 4213.0
Transfer to CM control 4263.9 N/A
Pitch maneuver to reentry attitude kot12.2 L279.7
Roll maneuver to 1lift vector up L4550 L4775
Last CM RCS control pulse 5216.10 5216.1k4
Propellant depletion burn 5287.8 53L40.1
Helium purge 5539.0 5590.0

aDuring SPS burns the RCS pitch and yaw channels were inhibited
1 second after the initiation of SPS burn. RCS attitude control was
maintained at all other times during the mission.
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TABLE 7.9-II.- SM RCS SERVICING AND ACTIVATION DATA, MISSION AS-202

(&) ©SM RCS servicing

Quad
Parameter
A B C D

Nominal oxidizer load, 1b . . . . . . . 139.6 139.6 139.6 139.6
Oxidizer loaded, 1b . . . . v v « « . . 136.0 137.2 137.2 136.0
Nominal fuel load, 1b . . . . . . . . . T70.4 70.4 70.4 70.4
Fuel loaded, 1b . . . . . . « « « . . . 69.5 69.5 69.7 69.4
Nominal helium source )

pressurization, psia at TO° F . . . . k150 4150 4150 4150
Actual helium source

pressurization, psia . . . . . . . . L260 4340 4350 4330
Helium tank temperature at

servicing, °F . . . . . . . . .« . . . 88 g2 9k 91
Helium manifold pad

Pressure, psid .« . .+« . v 4 4 4 . . . 160 158 159 157

(b) SM RCS activation
Quad
Parameter
A B C D

Helium source pressure prior

to activation, psia . . . . . . . . . LokT k151 4184 L200
Helium source pressure after

activation, psia . . . . . . . . . . 3970 Loks 3994 4095
Helium manifold pressure prior

to activation, psia . . . . . . . . . 140 143 101 115
Helium manifold pressure after

activation, psia . . . . . . . . .. 199 197 222 201




TABLE T7.9-III.- RCS PROPELLANT ANALYSIS, MISSION AS-202

7-165

Reguirement Serviced

Propellant

SM M SM M
Fuel (A-50 for SM, MMHE for CM),
percent . .o N2Hh’ 50 MMH 51.0 MMH
UDMH, 50 L7.5

Purity, percent 98 min. 98 min. 98.5 98.9
Water equivalent, percent 2 max. 2 max. 1.5 1.1
Density, g/mL - 0.872 t 0.002 max. - 0.872
Transmittancy, percent - 90 min. - 91.50

Filterable solids,
mg/liter 1.0 max 1.0 max. 1.9 0.026
Oxidizer <N20h> C N0, N0, | N0, N0,
Purity, percent 99.5 min. 99.5 min. 99.0 99.53
Water equivalent, percent 0.1 max. 0.1 max. 0.1 0.096

Chloride, as nitro-

sylchloride, percent 0.08 max. 0.08 max. 0.01 0.030

Filterable solids,
mg/liter . . . . . . . 1.0 max. 1.0 max. 0.8 0.1
Nitrogen oxide, percent . 0.85 max. 0.85 max. 0.48 0.43
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TABLE 7.9-IV.- CSM RCS MANEUVER ACCELERATIONS, MISSION AS-202

Actual Predicted
Configuration Maneuver acceleration,a acceleration,
deg/sec2 deg/sec2
Prior to first SPS Pitch to first SPS
burn burn attitude 1.25 1.28
Yaw control - 1.25
Roll control 7.16 6.99
After first SPS Pitch to local
burn vertical 1.61 1.k2
Yaw control 1.5 1.42
Roll control 11.8 9.63
After fourth SPS Pitch to SM jettison
burn attitude 1.96 1.95
Yaw control —-— 2.0
Roll control 12.7 11.95
CM control after SM Pitch to reentry
Jettison (dual attitude +10.5/-7.3 +10.25/-7.17
system control) Yaw control +10.1/-11.2 +11.29/-11.37
Roll control +8.1/-7.8 +8.17/-8.22

8Actual accelerations were determined from the rate of change of the space-
craft body rates. Due to the evaluation technique and the short burn pulses

(burn duration), these numbers have an estimated inaccuracy of 0.3

2
to *0.8 deg/sec
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TABLE 7.9-VI.~ CS5M RCS AVERAGE PROPELLANT FLOW RATES, MISSION A5-202

Average Total
propellant nropellant
Maneuver Guad flow rate, uzed,
1b/sec 1b
During first +X trunslation
(10.7-sec periocd) A 0.359 3.8
B 0.359 3.9
o 0.3€9 k.o
D G.371 4.0
During first SPS firing
(roll control, 215-sec
period) A 0.408 2.3
B 0.408 2,3
c 0.408 2.3
D 0.408 2.3
During 4 deg/sec pitch to
local vertical attitude
(L9.6-sec period) A 0.386 3.6
B 0.409 1.3
c 0.383 3.5
D 0.4o8 1.3
During second +X translation
(30.9-sec period) A 0.359 10.1
B 0.358 1%.1
o4 G.359 10.1
D 0.371 10.9
During fourth +X translation
(10-sec pericd) A 0. 364 3.6
B 0.359 3.6
c 0.359 3.6
D 0.363 3.2
During attitude hold after
the fourth SPS firing
(116-sec period) A 0,410 0.86
B 0.4 0.78
C 0.410 0.86
D C.h1d 0.78
During 4 deg/sec pitch
maneuver to reentry
attitude (25-sec period) A 0.387 2.¢
B 0.b1k a.7
C 0.387 2.C
D 0.h1k o1
During local vertical
attitude hold maneuver
(3038-sec period) A 0.417 LE.k
B 0.h420 49.0
c 0.417 L8.0
o J.kec L3.9
CM ECS averase during reentry Fe 0.3u6 32
a .34 32

a,
System.
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TABLE T7.9~VII.- SM RCS SOURCE PRESSURE DROPS DURING MANEUVERING,

MISSION AS-202

Helium Time, G.e.t., sec Source
pressurization Event preéssure,
tank On off AP, psia
Quad A 600 610 First +X translation 80
Quad B 600 610 First +X translation 570
Quad C 600 610 First +X translation 50
Quad D 600 610 First +X translation 70
Quad A 838 880 Pitch to local vertical 75
Quad B 826 830 Pitch to local vertical Lo
Quad C 838 880 Pitch to local vertical 75
Quad D 826 830 Pitch to local vertical Lo
Quad A 3928 3950 Second +X translation 220
Quad B 3928 3955 Second +X translation 250
Quad C 3928 3955 Second +X translation 250
Quad D 3928 3955 Second +X translation 250
Quad A 4050 L4oT0 Third. and fourth +X translation 150
Quad B Loké Lo6T Third and fourth +X translation 150
Quad C LoL6 Lo67 Third and fourth +X translation 150
Quad D Loké Lo67 Third and fourth +X translation 170

aRelative accuracy (tank to tank) is approximately 1 bit count, or 20 psi.

bQuad C was overpressurized on the pad, hence the initial source pressure
drop was somewhat less than quad A.



T-170

TABLE T7.9-VIII.- CM RCS SERVICING AND ACTIVATION DATA,
MISSION AS-202

(a) CM RCS servicing

System
Parameter
A B
Nominal oxidizer load, 1 . . . . . . . . . . . 90.1 90.3
Oxidizer loaded, 1b . . + v « « « v « & « « . . 88.75 88.8
Nominal fuel load, 1b . . . . +« « « ¢« « v o « . 45,3 45,3
Fuel loaded, 1b . . + v v v ¢ v e v e e e 4. 45.0 45.0
Nominal helium source pressure,
psia at TO° F . . . . ¢ « v v v v e e e e k150 4150
Actual helium source pressure
at servicing, psia . . . . . . . . . . . . .. L430 4380
Helium tank temperature at servicing, °F . . . . 100 96
Helium pressure fuel tank, psia . . . . . . . . 45 L5
Helium pressure oxidizer tank, psia . . . . . . L5 L5
(b) CM RCS activation
System
Parameter
A, psia B, psia
Helium source prior to activation 4309 4239
Helium source after activation 3804 3732
Helium pressure fuel tank prior to activation Le.6 LL.2
Helium pressure fuel tank after activation 290.6 290.2
Helium pressure oxidizer tank prior to activation 52 Sk
Helium pressure oxidizer tank after activation 292.1 288.7
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7.10 Pyrotechnic Devices

Description.- The pyrotechnic devices used on Mission AS5-202 were
of the same type as those used on Mission AS-201 except that the
launch escape system (LES) tower to command module (CM) separation
system used a frangible nut, ME11k-0013-0001, for separation in place
of the single mode bholt.

The function of the LES tower to CM separation system is to sep-
arate the LES tower from the CM. Frangible nuts were installed at the
four tower-attach points as shown in figure 7.10-1. Each nut contained
two Apollo standard detonators, either of which is capable of separa-
ting each nut into two pieces through the plane of separation
(fig. 7.10-2).

Performance.~ All pyrotechnic devices functioned as prescribed on
Mission AS-202. However, two nitrogen purge valve cartridges were
fired in the valve at KSC prior to launch. The cartridge electrical
connectors were intentionally left disconnected during the flight.

Two CM oxidizer dump valves, each of which contained a pressure
cartridge, were not required to function during Mission AS-202 and
were recovered as live ordnance.

Prior to launch it was discovered that one of the four frangible
nuts on the tower to CM separation system was cracked. Upon removal
from the spacecraft, the nut fractured and broke into two fragments
and revealed that the washer was also fractured.

Examination of the fragments showed deposits of salt and visual
indications that the nut and washer had been in contact with salt
water for a considerable period of time. The fracture faces were
corroded, indicating that the nut and washer had failed some time
prior to discovery of the failure. The probable origin of failure,
as located by visual examination of the fracture faces, was on the
thread face at the middle of one of the nut torquing grooves.
Secondary cracking was observed 180 degrees from the probable origin
of failure.

Metallographic examination and microspecimens taken at the crit-
ical locations showed that the plating on the failed nut was missing
from several areas of the thread faces and that the plating was
cracked or broken in several places on the thread root. There was
evidence of pitting at the thread root and in some areas on the
thread face.
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A new nut was sectioned to compare with the failed nut and
similar pitting conditions were observed, indicating that these nuts
may be pitted as received. BSubsequent immersion in salt condensate
would result in immediate attack on the steel beneath the plating.
Procedures now require immediate closing of the leg access door after
nut installation so as to protect the nut from exposure to salt
spray.
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T.11 Guidance and Control

Summary.- The guidance and navigation (G & N) and stabilization
and control (SCS) subsystems fulfilled or demonstrated the capability
for fulfillment of &£ll mission objectives. Boost monitoring performance
was excellent, with attitude information from both subsystems indicating
close agreement with that from the launch vehicle. Guidance and thrust
vector control during the SPS burns were close to nominal as was
attitude control throughout the mission. The bank angle history during
reentry indicates that the system was properly attempting to correct for
the undershoot condition. All major functions of the G & N subsystem
were exercised except those associated with the sextant and scanning
telescope. All interfaces between the G & N and SCS subsystems were
exercised except those necessary for minimum impulse control and for
G & N synchronization to spacecraft attitude. Operation was proper
throughout. Sequencing as performed by the G & N system and the mission
control programmer was nominal.

Guidance and navigation subsystem.-

Description: The subsystem is further divided into three major
subsystems: inertial, optical, and computer. These subsystems or
combintations of subsystems are used to perform the following functions:

(a) Maintain an inertial reference, which is used as a basis for
measurements and computations.

(b) Calculate the position and velocity of the spacecraft.

(¢) Generate attitude error signals and thrust commands necessary
to maintain the required spacecraft trajectory.

The spacecraft 011 G & N equipment, Block I, series 50, consisted
of a navigation base, inertial measurement unit (IMU), optical unit
assembly (OUA), power and servo assembly (PSA), Apollo guidance
computer (AGC), and the display and control (D & C) panel. The computer
display and keyboard (DSKY), coupling display units (cDU), and associated
displays and controls were mounted on the D & C panel. Figure T.11-1 is
a block diagram of the subsystem.

The inertial subsystem (ISS) consists of the IMU, three coupling
display units, portions of the PSA, and portions of the lower D & C
panel. The ISS is used for spacecraft guidance and control, and performs
three major functions:

(a) Measures spacecraft attitude with respect to inertial frame
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(b) Assists in generating steering commands
(c) Measures spacecraft velocity changes

To accomplish these functions, the IMU provides an inertial ref-
erence consisting of a stable member gimballed for three degrees of
freedom and stabilized by three inertial rate integrating gyros (IRIG)
and associated servos. Prior to launch, the stable member is aligned
in azimuth by means of a gyrocompassing routine and to the local verti-
cal by PIPA which sense gravity reaction force. Resolvers, mounted on
the gimbal axes, act as angular sensing devices and measure the attitude
of the spacecraft with respect to the stable member. These angular
measurements (gimbal angles) are compared with the desired spacecraft
attitude as calculated by the AGC and displayed on the coupling data
units. Any difference between the gimbal angles and the CDU angles
causes an attitude error signal to be generated and sent to the stabili-
zation and control subsystem, which drives the spacecraft RCS during
coast phases and the thrust vector control subsystem during SPS thrust
phases to control spacecraft attitude. Acceleration of the spacecraft is
sensed by the three pulse integrating pendulous accelerometers mounted
orthogonally on the stable member. The resultant signals from the
accelerometer loops are supplied to the AGC, which then calculates the
present velocity. The ISS modes of operation were controlled by the
AGC on this mission.

The optical subsystem (0SS) consists of the OUA, two coupling data
units, and portions of the PSA and D & C panel. The 0SS, which will be
used on manned missions to determine the position of the spacecraft and
orientation of the IMU in space, contains a sextant and scanning tele-
scope. On this mission the 0SS was used for prelasunch IMU alignment
verification only. Because of mechanical problems, created during
installation of the astrosextant door modification, the motor drive
signals to the scanning telescope were disabled. These signals were not
required for ground tests or flight.

The computer subsystem, consisting of the AGC and portions of the
D & C panel, was used to perform data handling and computations. The
AGC is a general purpose digital computer employing a core rope memory,
parallel operation, and a built-in, self-check capability. Programs
are stored in the AGC until selected for use. Flight program selection
for this mission was performed asutomatically with some backup capability
available through the digital command subsystem. The computer subsystem
performs five major functions:

(a) Calculates steering signals and SPS engine discretes
necessary to keep the spacecraft on the required trajectory.
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(b) Positions the stable member in the IMU to a coordinate system
defined by precise optical measurements (not used inflight on this
mission).

(¢c) Positions the optical unit to celestial objects (not used
inflight on this mission).

(4) Conducts limited malfunction isclation by monitoring the
level and rate of subsystem signals.

(e) Supplies pertinent spacecraft condition information to the
D & C panel.

Performance:

(a) Ascent phase: The G & N subsystem was powered up at
T-22.3 hours and platform alignment including gyro compassing began at
T-12 hours. The guidance reference release signal was inhibited on this
mission to avoid the possibility of misalignment caused by a hold in the
countdown after the receipt of this signal at a normal 5 seconds before
lift-off. As a result, the platform did not go inertial until
T+1.33 seconds when the lift-off signal was received from the launch
vehicle, or 0.6 second after first motion.

During the S-IB operation, the G & N subsystem monitored actual
vehicle attitude and computed desired attitude based on a pitch poly-
nominal designed to describe the nominal pitch profile. A comparison of
the Y-axis CDU angles, which displayed the polynominal calculation, the
IMU pitch gimbal angles, and the launch vehicle (sT-124 inertial plat-
form) gimbal angles indicated agreement within 1 degree during this
period, demonstrating nominal performance.

At T+171 seconds the AGC mode changed to "tumble monitor" and the
IMU mode to "fine align," causing the computer to examine the vehicle
attitude for excessive body rates. These rates did not exceed
1.5 deg/sec during this period, and therefore the abort flag (triggered
at rates above 5 deg/sec) was not set, indicating proper subsystem
operation up to the separation sequence.

The spacecraft/S-IVB separation sequence began at T+597 seconds
upon receipt of the separation discrete from the 8-IVB instrument unit.
At this time the G & N subsystem began preparations for separation by
commanding SPS gimbal motor power "on," +X translation, and SCS G & N
attitude control mode.

An analysis of the subsystem has been performed by comparing the
position and velocity sensed during the ascent phase with like quantities
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from the launch vehicle system and from GLOTRAC ground radar tracking
data. Velocity differences between the G & N and the other two sub-
systems are shown in figures T7.11-2 and T7.11-3. Figure T7.11-3 also
contains velocity differences compensated for errors in the calculation
of gravitational acceleration and velocity differences which would accrue
from a selected set of error sources. Although the GLOTRAC data became
unreliable after 418 seconds, the trends shown are similar to the com-
parisons with the launch vehicle subsystem and indicate G & N errors at
S-IVB cutoff of -L.69, +13.99, and -0.16 m/sec in the X-, Y-, and Z-axes,
respectively. The initial difference in the X-axis comparison was

caused by the 0.6-second late receipt of the guidance reference release
signal and should not be considered a system error.

The predominant uncorrelated errors which combine to produce an
error propagation history for a given ascent trajectory can be deter~
mined from the velocity differences. Those errors which are correlated
can only be determined in a "most likely" sense through judicious use
of a priori data such as preflight test history, etc. The vertical
(X-axis) velocity error can be accounted for within 0.2 m/sec by an
X-axis accelerometer misalignment about the Y stable-member axis of
83 arc seconds. The value of this term measured in factory acceptance
testing was 117 arc seconds. The major cause of out-of-plane (Y-axis)
error was a misalignment in gyrocompassing of approximately 1.6 milli-
radians, an error of the order of those noted in preflight tests and
well within the specification value of 5 milliradians. The remainder
of the error noted in this axis is attributed to a Th-arc-second
misalignment of the Z-axis gyro and a 9-arc-second misalignment of the
Y-axis accelerometer both about the X stable-member axis. Both of these
values were measured in factory testing. The negligible error recorded
in the Z- (downrange) axis reflects excellent performance and a correct
choice of accelerometer bias and scale factor values.

Figure 7.11-4 contains preflight histories of the major inertial
component (gyro and accelerometer) error coefficients along with the
values chosen for compensation during the mission. That the compen-
sation values were accurate is evident since none of these error sources
has been identified as a major contributing factor in the error analysis.

Table 7.11-1 contains a comparison of insertion conditions as
recorded by the various onboard and ground systems. Table T.11-II shows
the contribution to the turn velocity error at insertion directly
attributable to IMU performance. The remainder is navigation error
resulting from errors in the calculation of acceleration due to gravity
caused by position errors.
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(b) Suborbital flight phase: The primary functions of the G & N
subsystem during this phase were control of spacecraft attitude and
orbit shaping. Performance was satisfactory throughout.

Figure 7.11-5 contains a time history of commanded and actual
spacecraft attitude during the maneuver to the first SPS burn attitude
and continuing through the burn. The divergence of the values during
the thrust period was caused by center of gravity (c.g.) shift as pro-
pellant was consumed and agrees with the SPS gimbal positions, indicat-
ing accurate "tracking" of the c.g. by the guidance and control sub-
system.

Figure 7.11-6 contains a time history of commanded and actual space-
craft attitude during the maneuver to local vertical. The initial
pitch maneuver computed was 124 degrees and was performed properly at
L deg/sec. Because of the 38 seconds required to complete the initial
maneuver, an additional attitude change of approximately 2.6 degrees
was required. The computations were made, assuming an instantaneous
attitude change, and are therefore correct only at the time of initia-
tion of the command. The local vertical changed at orbital rates during
the maneuver, and since a new computation was not made until the end
of the maneuver, a converging iterative operation was required.
Figure 7.11-7 compares the spacecraft pitch angle during the local verti-
cal phase with preflight predictions and with values computed from
trajectory dats based on ground radar tracking. Very close agreement
was noted throughout, indicating nominal performance.

The pitch response during the maneuver to CSM separation attitude
is shown in figure 7.11-8. The rate achieved (4.06 deg/sec) agreed
within 0.1 deg/sec of that commanded, although approximately 4 seconds
were required to reach steady-state conditions at each end of the
maneuver. The resulting lag was approximately 8 degrees. The maneuver
to entry attitude after CSM separation is shown in figure 7.11-9. The
lag noted between the subsystems was approximately the same as that
seen during CSM maneuvers.

During the two major orbit changes using the SPS subsystem, guidance
commands were generated by the AGC based on erasable memory constants
loaded prelaunch. The guidance scheme used is described in reference 18.

Figure T7.11-10(a) shows the time history of velocity-to-be-gained
(vg) for the first SPS burn. Figure 7.11-10(b) shows the thrust
termination period on expanded scale. The computation of Vg was
terminated approximately 4 seconds prior to SPS cutoff. The velocities



7-190

during termination and tailoff were derived by summing accelerometer
output pulses to evaluate the prelaunch estimate of the tailoff velocity
increment. The velocity error accrued in each axis was less than

1 m/sec.

The eccentricity (e) and semilatus rectum (p) of the orbit achieved,
derived from the computer state vector, was compared to the same
parameters loaded in the computer. The eccentricity agreed well with
the desired value but the semilatus rectum was approximately 1 km larger
than desired. These data are summarized in table T7.11-III. The sensi-
tivities of the orbital parameters to variations in velocity indicate
the errors in the orbital parameters could be accounted for by
velocity errors of 0.0l and 0.72 m/sec in the X- and Z-axis, respectively.
The observed velocity errors were -0.01 and 0.80 m/sec in these axes.
Orbital parameters from external tracking data are included in ta-
ble 7.11-III for information. The deviations from actual orbital para-
meters appear commensurate with the navigation error accrued by the
G & N during boost.

Figure 7.11-11(a) shows the velocity-to-be-gained time history for
the second SPS thrust period. In contrast to the first burn, where the
Vg computation was terminated approximately U seconds prior to Vg
reaching zero, the termination occurred approximately 10 seconds prior
to attaining the second orbital velocity assuming constant thrust
level. The time was increased to account for the velocity acquired
during the third and fourth SPS burn periods of 3 seconds each and
during the two 10-second +X translations. The post SPS 2 cutoff velo-
city changes are shown in figure 7.11-11(b). The Vgy error was less
than 1 m/sec, Vgz was approximately 3.9 m/sec low, and the Vgx was
approximately 6.4 m/sec low. The resultant orbital parameters as
derived from the AGC state vector are summarized in table T7.11-IV.
Although the differences between actual and desired orbital parameters
were relatively large, the error can be accounted for by considering two
sources: velocity error due to erroneous estimation of the velocity
inerement from tailoff, +X translation, and the two short burns; and
change in the effectiveness of the velocity increment because of the
relatively long time (30 seconds) between computation of the velocity
required and attaining that velocity. The velocity errors caused by
thrust variations from the prelaunch estimates were -6.4 and 3.9 m/sec
in the X- and Z-axes, respectively. The velogity errors computed from
orbital parameter sensitivities were -5.8 and 3.1 m/sec in these axes.
Approximately 0.5 m/sec per axis of sensed velocity error was compensated
by the change in effectiveness of velocity increments which was due to
nonimpulsive thrusting.

Navigation computations were discontinued 12 seconds after SPS 1
cutoff and resumed 30 seconds prior to SPS 2 ignition. During the
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intervening period, uncompensated accelerometer outputs were accumu-
lated and this total was telemetered at the resumption of navigation.
This value represents the PIPA bias plus any acceleration sensed

during those attitude maneuvers which took place during the coast

phase. Table 7.11-V compares the computed bias from flight data and the
preflight calibrations. The error in the computed bias may be explained
in part by body accelerations caused by the attitude maneuvers during
the intervening period. An additional bias check was made during the
period of free flight between SPS L shutdown and the manuever to entry
attitude. The biases indicated ‘during this period are also included in
table T.11-V.

(¢) Reentry phase: The reentry phase began when the spacecraft
reached an altitude of 400 000 feet and terminated at drogue parachute
deployment (23 500 feet). During this time, the spacecraft trajectory
was controlled by closed loop inertial guidance logic as described in
reference 19. The reentry consisted of five distinct phases as shown
in the time history of altitude contained in figure 7.11-12. During the
first phase, the CM was held in & lift-vector-down attitude until a total

acceleration of 2.21 m/sec2 was sensed by the G & N subsystem. The
second phase consisted of roll attitude hold with lift-vector up until
an altitude rate of —206 m/sec was sensed. The third phase (up control)
controlled the CM through an analytically computed reference trajectory
designed to provide an atmospheric skip, such that during second entry,
the spacecraft would follow a nominal half-1lift trajectory with a
60-degree bank angle. The fourth phase (Kepler) was a skip phase which

began at a total acceleration of 1.78 m/sec2 and ended when the total

acceleration reached 2.02 m/secz. In the fifth and final phase (second
entry), CM control was based on linear perturbations about a stored
reference trajectory. Computer mode switching and logic changes were
proper throughout, and have been corroborated by correlating the
commanded bank angle history with the acceleration and velocity sensed
by the subsystem.

Time histories of commanded bank angle, derived from the actual CDU
angles, and lateral range from the AGC downlink are shown in fig-
ure T7.11-13. Correlation of these two parameters with actual and
predicted range-to-go, shown in the same figure, indicated that the AGC
sensed the uprange error and was attempting to correct for it. The bank
angle commands are computed from the difference between actual range-to-
go and predicted range-to-go, the available range based on the half-1lift
reference trajectory. After 0.2g was sensed, the AGC-commanded 1ift
vector remained within 15 degrees of full 1lift except for a short period
prior to and during the Kepler phase. Since the aerodynamic forces
acting on the spacecraft are low during the Kepler phase, the 45 degrees
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commanded can be considered insignificant in degrading the ranging
capabilities of the spacecraft. Fifteen degrees are allocated to
lateral control by the guidance equations.

Figure 7.11-1L4 contains a comparison of the touchdown point
computed onboard with that reported by the recovery forces. The dif-
ference was 16 nautical miles. The suspected causes of the miss
distance of 205 nautical miles are a combination of lower than nominal
trim lift-to-drag (L/D) ratio (see section 6.0), and a steeper than
nominal reentry inertial flight-path angle veo. The following plots

are presented to illustrate the relationship of the possible causes.
In figure T7.11-15, miss distance is plotted as a function of \f for

a range of lift-to-drag ratios. The range corresponding to the actual
miss distance is also indicated. Figure T7.11-16 illustrates the
relationship of Yi to L/D for a miss distance of 205 nautical miles.

(d) Inflight environment: The PIPA and IRIG temperatures remained
within nominal limits throughout the flight, and IMU heater and blower
currents were normal. A rise of approximately 8° occurred in both the
PSA and AGC temperatures. This rise is attributed to the rise in
water-glycol temperature but did not exceed equipment limits. System
voltages remained well within specification ranges throughout.

Stabilization and control subsystem.-

Description: The stabilization and control subsystem, a J model
Block I configuration, was the same as that flown on Mission AS-201;
however, two major components of the subsystem were utilized for the
first time. These were the flight director attitude indicator (FDAI)
and the auxiliary electronic control assembly (AUX ECA). The SCS was
modified to allow switching functions normally provided by a pilot to
be initiated by the MCP. A block diagram is contained in fig-
ure 7.11-17.

The FDAI provides a visual display of the spacecraft attitude,
attitude errors, and body rates. For this mission it was mecdified to
delete SCS total attitude signals. The AUX ECA contains the elec-
tronics and servo mechanisms required to generate Euler angles from
body-mounted attitude gyro (BMAG) signals. The Euler angles are then
transformed into torquing signals which keep the SCS body-mounted
attitude gyros aligned to an inertial reference. This allows the SCS
to provide a backup attitude reference and increases the spacecraft
reliability for mission success.
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The remaining portions of the SCS were identical to the components
flown on Mission AS-201 and include:

(a) Attitude gyro and accelerometer package

(b) Rate gyro package

(¢) Pitch, yaw, roll, and display electronic control assemblies
(d) Attitude set/gimbal position indicator

(e) Velocity change indicator

Performance: The body-mounted attitude gyro's were uncaged from a
backup rate configuration and caged through the attitude gyro coupling
unit (AGCU) at T-8 minutes. Earth rate torgued the AGCU/BMAG backup
reference to initial conditions of pitch = -33.2 degrees, yaw = -3.5 de-
grees, and roll = -176.7 degrees. At lift-off, this compares to IMU
gimbal angles of pitch = ~32.552 degrees, yaw = -2.047 degrees, and
roll = =175.273 degrees. The differences between the AGCU/BMAG angles
(Euler) and the IMU gimbal angles for the ascent phase are shown in fig-
ure T7.11-18. The data verify the capability of the SCS to maintain a
backup attitude reference in the boost environment.

Small oscillations of approximately #0.5 deg/sec were indicated
by the spacecraft rate gyros at S-IB ignition. These oscillations
damped to negligible values in all axes within 4 seconds and remained
small during most of the ascent phase. Vehicle rate peaks occurred at
each significant event in the boost phase, but in each case were
quickly damped back to nominal. Maximum rates occurring at selected
boost phase events are contained in table T.11-VI.

(a) Orbital phase. The CSM/S-IVB separation sequence was started
at T+597 seconds. At T+597.1 seconds, the attitude control mode and
SPS gimbal motor power "on" commands were sent to the MCP by the G & N
subsystem. The SCS pitch and yaw thrust vector control channels were
changed to a delta V configuration by the SPS engine hold function
from the MCP. The remainder of the SCS electronics was maintained in
the monitor mode for 2.3 seconds. The SPS gimbal motor start sequence
was initiated by the MCP 1 second after receipt of the G & N command.
Prior to flight the gimbal position thumbwheels on the attitude set
indicator were set to 2.5 degrees in pitch and 7.3 degrees in yaw.
These values correspond to the first gimbal trim settings in the MCP.
The data show that the gimbals stabilized at 2.4 degrees in pitch and
7.4 degrees in yaw. Physical separation of the CSM and S-IVB was
indicated at T+598.6 seconds. The separation rate transients shown in
figure 7.11-19 are a result of both SPS gimbal motion and physical
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separation, since the gimbals were being positioned at that time.
Separation was nominal with no excessive torques applied to the CSM. A
rate peak of 1.13 deg/sec was sensed in the yaw axis, but this was quickly
damped within the rate deadband when the SM RCS was activated.

Separation was effected by a direct translation which was ini-
tiated by the MCP at T+597 seconds for a period of 3 seconds. At
T+600 seconds the RCS was enabled, and +X translation through the
automatic RCS coils was initiated. Translation was periodically
interrupted by pitch and yaw rotational thruster firings as attitude
control was maintained during the ullage maneuver. This verified that
the jet select logic was correct, and that rotational commands had
priority over translational commands.

The SCS received the command from the G & N to begin the maneuver
to the first SPS burn attitude at T+603.6 seconds. SPS engine ig-
nition was commanded at 609.7 seconds. Attitude control and +X trans-
lation continued until the pitch and yaw attitude channels were disabled
at 610.6 seconds. Body rate transients produced by SPS ignition are
shown in figure T7.11-19.

The first SPS gimbal position values set into the MCP prior to
launch were 2.55 degrees in pitch and T.31 degrees in yaw. The flight
values were 2.5 degrees in pitch and 7.4 degrees in yaw. Three seconds
after SPS engine ignition, the gimbal position was 2.8 degrees in pitch
and 7.2 degrees in yaw, indicating a small miscalculation of the initial
c.g. position. Rate and attitude control throughout the burn were
nominal, with SPS gimbal motion indicating satisfactory tracking of the
c.g. The RCS activity in roll shows limit cycle periods varying in
length between 0.5 and 13.8 seconds. It was also noted that the roll
control torque produced by four RCS engines gave a slight rate overshoot
which required operation of the opposing thrusters to reduce the rate
below the rate deadband (0.2 deg/sec). As the vehicle mass decreased
during the burn, the rate overshoots became more prominent. The maximum
transients which were present immediately after the SPS "off" command
were 0.17 deg/sec in pitch and 0.38 deg/sec in yaw. The rates are
developed due to SPS tailoff effects during the normal l-second period
after the engine "off" command before RCS control is restored in pitch
and yaw. When the pitch and yaw RCS was enabled, the vehicle rotated
until the X-body axis was aligned to the thrust vector direction at
cutoff.

The G & N commanded the maneuver to local vertical at T+837 sec-
onds. During the local vertical phase, pitch and yaw limit cycle
periods were approximately 12 and 20 seconds, respectively. 1In the
roll axis, it was again evident that four jet controls provided excess
rate when correcting an attitude error. Examples of typical limit
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cycles in pitch, yaw, and roll are shown in figure T7.11-20. During this
phase, an unusual series of roll rate indications were noted in that
several small body rate reversals and changes in slope occurred with

no corresponding RCS activity seen in the data. Examples of this roll
rate activity are shown in figure T7.11-20. The most probable cause for
these indications was fuel slosh in the SPS tanks created by attitude
control thruster operation. Further evidence in support of this theory
is the long tailoff of the rate gyro signal in response to thruster
firings. It should be noted that this condition did not adversely
affect the ability of the SCS to maintain attitude control during the
flight.

The maneuver to the second burn attitude was started approximately
45 seconds after completion of the local vertical phase. Telemetry
coverage of the spacecraft was not available for the end of the local
vertical mode or during the maneuver to second burn position. After
the maneuver, the spacecraft was maintained at an inertially fixed
attitude for approximately 1000 seconds. At the conclusion of this CSM
coast phase, the G & N subsystem commanded delta V mode "on" and the
SPS gimbals were positioned to the second set of values from the MCP.
The initial gimbal positions for this thrusting period are shown in
table 7.11-VII. The deviations between the settings and the final gim-
bal positions from the first burn represent errors in the estimate of
c.g. location. A constant attitude was maintained from the end of the
second burn until the end of the fourth burn. Figure 7.11-21 shows
position feedbacks, differential clutch currents, body rates, and pitch
and yaw RCS activity for this periocd. Performance was nominal through-
out.

FDAI align was commanded at T+1117.8 seconds. This event aligned
the Euler reference to preflight settings on the attitude set indicators.
These settings were based on preflight predictions of the IMU gimbal
angles. A tabulation of initial errors at lift-off, accumulated errors
in flight, and alignment accuracy is shown in table T7.1l1-VIII. The
2-degree error noted in pitch was of the order of the switching tran-
sients observed during preflight testing at the end of the alignment
procedure.

The maneuver to CSM separation attitude was commanded at
T+4187.6 seconds and was completed at T+4213 seconds. This maneuver is
shown in figure T7.11-22. Damping and attitude control during the maneu-
ver was nominal in the pitch and yaw axes; however, the roll RCS
solenoid driver and roll rate gyro outputs indicated a spacecraft dis-
turbance in the roll axis. TFuel slosh and acceleration torques from
the pitch axis appear to have coupled into the roll axis, creating a
disturbance torque in the negative roll direction. Each time the posi-
tive roll thrusters fired in response to the error signal the rate
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deadband was exceeded, causing negative thruster operation. This second
thruster firing tended to cancel the corrective action of the positive
thrust, resulting in an essentially zero net effect. The disturbance
torque then forced the spacecraft out of the deadband and the cycle
repeated. As the pitch motion decreased at the end of the maneuver,

the coupling disturbances disappeared and the roll axis motion damped

to a normal limit cycle.

(b) Reentry phase. The CSM separation sequence started at
T+4263.7 seconds when the SCS mode was changed to G & N entry. Separa-
tion transients were nominal with maximum rates of 0.8 deg/sec and
1.5 deg/sec in the pitch and yaw axes, respectively. Roll rates
remained below 0.2 deg/sec. Postflight data indicated that all entry
deadbands, limiters, and gains were nominal, and that gain changes were
effected at 0.05g as required.

The maneuver to entry attitude was initiated at T+L4271 seconds,
and is shown in figure T7.11-23. The body rate response during this and
all succeeding CM maneuvers correlated properly with the thruster firing
indications. This substatiated the conclusion that the rate deviations
noted during CSM operations were caused by fuel slosh.

The SCS accelerometer sensed 0.05g at T+LL26.9 seconds and the SCS
switched to a rate damping mode in pitch and yaw axes, and roll rate was
coupled into the yaw rate channel. Pitch and yaw rate deadbands were
increased to *+2 deg/sec, roll attitude deadband to iﬁ.? degrees and roll
rate deadband to +18 deg/sec.

The SCS was commanded by the G & N to roll the CM 179 degrees at
T+LL50 seconds in order to orient the 1lift vector up. During the
remainder of the entry phase the 1lift vector was controlled as required
for ranging by G & N guidance commands.

The vehicle pitch and yaw attitude is determined by vehicle
aerodynamic trim during this post 0.05g entry phase, and vehicle rates
remained within the rate deadbands for long periods. This resulted in
long vehicle 1limit cycles at relatively low rates in pitch and yaw, with
roll control required primarily when commanding 1ift vector reorienta-
tion.

All SCS control functions were nominal during this phase. SCS
channel disable of all RCS thrust commands occurred at T+5217 seconds
which is equivalent to approximately 25 000-ft altitude. Vehicle
attitudes, rates, and RCS thrust commands for the entry phase are shown
in figure T.11-2L.
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Mission control programmer subsystem.-

Description: The MCP consisted of three separate packages; the
spacecraft command controller (scc), the ground command controller (gee),
and the attitude and deceleration sensors (ADS). The MCP contained the
logic networks, time delays, and switching capability required to
initiate the events normally provided by the pilot through manual
switches. Ground backup of some onboard switching functions was avail-
able through the GCC. Also included in the MCP were an 0.05g sensor,
an impact switch and an attitude indicator. The 0.05g sensor was a
backup to the G & N and SCS subsystems. This impact switch coupled to
the proper logic circuits with the earth landing sequence control-
ler (ELSC) and MCP attitude indicator initiated the recovery instru-
mentation at splashdown. A spacecraft stable I or stable II position
after impact was sensed by the attitude indicator and the corresponding
logic signal issued.

Performance: There was no flight PCM instrumentation for the MCP;
however, most events could be verified through proper operation of
interfacing subsystem. Operation throughout the flight was nominal.
The MCP provided the required commands after receipt of an input within
the limits of the time delays and sequence of relay operation. The
functions of the MCP for Mission AS-202 are shown in table 7.11-IX.
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TABLE T7.11-IT.- NAVIGATION ERRORS AT S-IVB CUTOFF
k, ?, z’
n/sec m/sec m/sec

) IMU -3.64 +13.14 0

Acc® -1.05 +0.85 0.26
- TOTAL -b.69 +13.99 +0.26

®Brror in g computation due to position errors.

~—

FIRST SPS FIRING

TABLE 7.11-III.- COMPARISON OF ORBITAL PARAMETERS,

a b
Source P e
meters
AGC 6 763 880 0.100L05
Preflight nominal 6 762 850 0.100353
Preliminary tracking 6 T70 297 0.100952

a .
Semilatus rectum.

Eccentricity.
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TABLE T.11-IV.- COMPARISON OF ORBITAL PARAMETERS,

SECOND, THIRD, AND FOURTH SPS FIRINGS

Source p,a eb
meters
AGC T 974 210 0.238505
Preflight nominal 7 962 818 0.236855
Preliminary tracking 7 973 562 0.238160
a, R
Semilatus rectum.
b s s
Eccentricity.
TABLE 7.11-V.- ACCELEROMETER BIAS COMPARISON
[In cm/sec/sec]
Axis
Source
X Y Z
Computed bias
(coast phase) -0.918 -0.202 +0.239
Computed bias
(preentry) -0.895 -0.225 +0.251
Bias obtained from
preflight calibra-
tions -0.71 -0.1k +0.36

TABLE T7.11-VI.- ASCENT RATE HISTORY

Pitch, Yaw, Roll,

deg/sec deg/sec deg/sec
S-IB ignition -0.37 0.48 0.57
S-IB/S-IVB separation -0.17 -0.%52 -0.30
LES Jettison ~1.31 ~0.82 -0.25
S-IVB mixture ratio change 0.96 0.08 0.16
CSM/S~IVB separation 0.37 1.13 0.21
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TABLE T7.11-VIII.- AGCU ERRCRS FROM LIFT-OFF 70O FDAI ALIGN

Event Pitch, Yaw, Roll,
deg deg deg
Differences between IMU/FDAI - Euler
at lift-off 0.67 1.47 1.43
Differences between IMU/FDAI - Euler
at FDAI align 6.32 3.32 2.18
Differences between IMU/FDAI - Attitude
values at FDAI align 0.95 1.96 0.65
Differences between IMU/FDAI - Euler
after alignment 2.08 0.21 0.83




TABLE T7.11-IX.- MISSION CONTROL PROGRAMMER

FUNCTIONS FOR MISSION AS-202

Event

Prelaunch phase

Aux bus on main buses

Auto oxidizer dump enable

G & N monitor mode on
Select minimum deadband
BMAG's to backup rate
Remove BMAG's from backup rate
Aux bat on aux bus

Glycol shutoff valve closed
Back-pressure controller on
Glycol pump 1 to ac bus 1
FQ recorder on

Cine cameras on

Start PAM/FM/FM calibrator
Stop PAM/FM/FM calibrator

Boost phase

Lift~off
Start auto oxidizer timer
Start glycol shutoff valve timer

Auto oxidizer dump enable off

LET Jettison phase

Start E/T jettison sequence A end B
FQ recorder off

Wetness control start

Glycol temperature control start
LES motor fire A and B

Launch vehicle separation phase

Separate/abort command on

FQ recorder on
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TABLE 7.11-IX.- MISSION CONTROL PROGRAMMER

FUNCTIONS FOR MISSION AS-202 - Continued

Event

Launch vehicle separation phase - Contirnued

Entry batteries to main buses
SPS engine hold on

Y1l gimbal motor start

Y1l gimbal motor on

Pl gimbal motor start

Pl gimbal motor on

Y2 gimbal motor start

Y2 gimbal motor on

P2 gimbal motor start

P2 gimbal motor on

SPS thrust A and B arm

SPS engine hold off

Arm G & N mode control

Monitor mode off

G & N attitude control mode on
Prepilot valves A and B on
Select first gimbal position set
+X translation on
Separate/abort A and B off
MESC pyro bus A and B safed
MESC logic bus A and B safed

G & N attitude control mode off
Monitor mode on

G & N AV mode on

Monitor mode off

+X transletion off

Gimbal motors off

Select second gimbal position set
Remove entry batteries from main bus
FQ recorder off

Cine camera off

Prepilot valves A and B off

G & N AV mode off




TABLE 7.11-IX.- MISSION CONTROL PROGRAMMER FUNCTIONS

FOR MISSION AS-202 - Continued

Event

Launch vehicle separation phase - Concluded

Monitor mode on

G & N attitude control mode on
Monitor mode off

FDAT align on

FDAI align off

Glycol shutoff valve open

Thrust maneuvers phase

+X translation on

Entry batteries to main bus

FQ recorder on

DSE recorder on

Prepilot velves A and B on

Y1l gimbal motor start

Yl gimbal motor on

Pl gimbal motor start

Pl gimbal motor on

Y2 gimbal motor start

Y2 gimbal motor on

P2 gimbal motor start

P2 gimbal motor on

G & N attitude control mode off
Monitor mode on

G & N AV mode on

Monitor mode off

Gimbal motors off

Select third gimbal position set
Remove entry batteries from main bus
Prepilot valves A and B off
Entry batteries to main bus
Prepilot valves A and B on

Y1l gimbal motor start

Y1l gimbal motor on

7-205



7-206

TABLE 7.11-IX.- MISSION CONTROL PROGRAMMER

FUNCTIONS FOR MISSION AS-202 - Continued

Event

Thrust maneuvers phase - concluded

Pl gimbal motor start

Pl gimbal motor on

Y2 gimbal motor start

Y2 gimbal motor on

P2 gimbal motor start

P2 gimbal motor on

+X translation off

Gimbal motors off

Remove entry batteries from main bus
Prepilot valves A and B off

G & N AV mode off

Monitor mode on

G & N attitude control mode on
Monitor mode off

G & N attitude control mode off

Monitor mode on

CM/SM separation phase

Entry mode on

Monitor mode off

MESC pyro bus A and B arm

MESC logic bus A and B arm
Heat shield instrumentation on
Entry batteries to main bus

Isolate O2 supply

Close glycol shutoff valve
Arm G & ¥ 0.05g

Arm 0.05g backup

Select maximum deadband
FQ recorder on (backup)
DSE recorder on (backup)

CSM separation command




TABLE 7.11-IX.- MISSION CONTROL PROGRAMMER

FUNCTIONS FOR MISSION AS-202 - Concluded

Event

Entry phase

0.05g command

ELS activate

Cine cameras on

Switch to -Z antenna
Start impact backup timer
Activate RCS fuel dump

C battery to F and PL bus
Arm impact switch

VHF recovery beacon on
VHF survival beacon on

RCS purge

Landing

Main parachute disconnect
Connect aux bat to F and PL bus
Connect entry bat to F and PL bus
Remove aux bat from aux bus
Remove entry bat from main bus
MESC logic A and B off

Flashing light on

CB4S open

VHF/AM receiver off

VHF/AM transmitter off

Cine cameras off

Flotation pumps off

Deploy HF recovery antenna

HF transceiver on

MESC pyros safed
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Figure 7,11-15,- Reentry miss distance plotted against reentry inertial
flight-path angle, Mission AS-202,
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NASA-S-66-10109
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AGAP Attitude Gyro Accelerometer Package
AGCU Attitude Gyro Coupling Unit

AS/GPl  Attitude Set and Gimbal Position Indicator
BMAG Body Mounted Attitude Gyro

ECA Electronic Control Assembly

FDAI Flight Director Attitude Indicator
G&N Guidance and Navigation

MCP Mission Control Programmer
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SPS Service Propulsion Subsystem

Figure 7,11-17,- Stabilization and control system, Mission AS-202,
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Figure 7.11-19. - Separation of SC/LV and beginning of first burn, SC body rates, and SPS gimbal
position feedback, Mission AS-202.
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Figure 7.11-24. - Reentry time history, Mission AS-202.
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