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NOTICE

Unless otherwise specified, zero time (T-0) for all data in this
report is referenced to Lk-inch motion of the test vehicle.
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1.0 MISSION SUMMARY

Apollo spacecraft 002 was launched on January 20, 1966, from the
White Sands Missile Range, New Mexico, at 8:17 a.m. m.s.t. after several
postponements because of launch vehicle technical difficulties and de-~
lays because of adverse weather condgtions. The mission was completed
successfully.

Apolic spacecraft 002 was of a Block I type configuration. Among
the differences between the spacecraft 002 configuration and Block I
were the change in location of the center of gravity of the launch-escape
vehicle and the change in the thrust vector of the launch-escape subsys-
tem. These changes were made to assure the attaining of the required
condition of power-on tumbling after abort initiation.

The Little Joe II two-stage, fin-stabilized, autopilot-controlled
launch vehicle performed satisfactorily. First- and second-stage ig-
nition occurred as planned. This was the first completed mission of a
two-stage Little Joe II launch vehicle, and the first second-stage
application of Algol motors.

The pitch-up maneuver was initiated at T+70.8 seconds when the test
region of altitude and velocity was indicated by the real-time data sys-
tem. At T+73.7 seconds, the planned abort was automatically initiated.

Dynamic loads and structural response data for the service module
structure were obtained during the launch phase and the pitch-up
maneuver.

Command module — service module separation at abort initiation
was satisfactory although the main heat shield suffered limited blast
demage from the pyrotechnic cutting of the tension ties. The launch-
egscape and pitch-control motors performed as reguired. The boost
protective cover remained intact through the launch phase and pitch-up
maneuver as required, with the soft cover breaking up during the first
tumble after abort initiation, as expected.

The power-on tumbling boundary abort demonstrated the satisfactory
performance of the launch-escape vehicle and also the structural integ-
rity of the launch-escape vehicle airframe structure.

At T+Th. 7 seconds, the single active scimitar antenna failed, and
transmission of telemetry signals from the spacecraft ceased for the
rest of the mission.

An onboard camera, photographing the condition of the left side
rendezvous window from within the command module, operated as planned
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from T+70 seconds to T+2L40 seconds. Film coverage indicated the time
at which deposits on the window ocecurred.

The maximum differential pressure of T.1 psid, indicated by measure-
ments across the command module exterior wall structure (11.1 i+ 1.5 psid
was desired), was attained at T+75.2 seconds during the first tumble and
launch-escape motor burn. Maximum plume impingement pressure on the com-
mand module was about 80 percent of predicted values, and the aft com-~
partment pressure was sbout 1.5 psi higher than predicted. Cabin pres-
sure measurements during the flight and postflight testing and inspection
results indicated that excessive leakage past the inner hatch seal had
occurred during the flight because of the manner in which the hatch was
installed before launch.

During the power-on abort phase, pitch and yaw rates reached peak
values of 160 deg/sec and roll rates, a peak value of -70 deg/sec.

After launch-escape motor burnout, tumbling continued until canard
deployment occurred at T+84.8 seconds. After the canards had deployed,
the launch-escape vehicle quickly stabilized to a main heat shield for-
ward attitude. Both the high tumbling rates and quick stgbilization of
the lasunch-escape vehicle were partially a result of the mass character-
istices peculiar to spacecraft 002.

The sequential subsystem performed as planned. The launch-escape
subsystem was jettisoned at T+193.7 seconds and approximately 23 000 £t
m.s.1l., drogue mortars were fired at T+195.8 seconds, drogue risers were
disconnected and main parachute pilot mortars were fired at T+237.6 sec-
onds and 10 450 £t m.s.l.

At T+209.5 seconds onboard recorder F jammed, but onboard recorder H
continuved to record flight data for the duration of the mission.

Descent of the command module on the main parachutes was steady, and
the rate of descent was within nominal limits at the time of landing.
The main parachutes were disconnected from the command module at touch-
down by the inertial switch disconnect.

The recovered command module was inspected at the field facility,
and postflight tests were conducted at the contractor's Downey facility
on the scimitar antenna, cabin pressure relief valve, questionable
instrumentation, pyro buses A and B and sequencer, and on the crew
wirdows. In addition, command module cebin leak tests were completed.

The test objectives were accomplished.

e



2.0 INTRODUCTION

Apollo Mission A-OOL4 was the first flight with a production type
Apollo spacecraft structure, the last of the six unmsnned flight abort
tests to be launched at the White Sands Missile Range, New Mexico, and
the eleventh flight test with an unmenned Apollo spacecraft. (See
table on inside front cover.) The test vehicle, consisting of Block I
type spacecraft 002 (8C-002) .and Little Joe II (LJ II) leunch wvehicle
12-51-3, was launched from Launch Complex 36 at White Sands Missile
Range on January 20, 1966, at 8:17:00.776 a.m. m.s.t. ILaunch, abort,
and recovery were successfully accomplished. Figure 2.0-1 shows the
test vehicle at Launch Complex 36. The f_ight sequence of major events
is given in figure 2.0-2.

The first-order test objectives for Mission A-OOk were as follows:
(a) Demonstrate satisfactory launch-escape vehicle (LEV) perform-
ance for an abort in the power-on tumbling boundary region.

(b) Demonstrate the structural integrity of the LEV airframe
structure for an abort in the power-on tumbling boundary region.

A1l test objectives for the mission are listed in section 11.1.

The test region was defined by the altitude and velocity at which
the combination of aercdynamic loading and launch-escape-motor plume
impingement loading would be sufficient to load the command module
structure to its design limift.

This report includes an evaluation of the mission and an analysis
of the spacecraft and launch vehicle performance on the basis of the
flight-test data and results of completed postflight tests. Although
the publication of this report is subsequent to the flight of Apollo
Mission AS-201 (first flight test of an Apollo Block I type spacecraft
with a Saturn IB launch vehicle, February 26, 1966), the analysis of
the Mission A-OO4 flight data was completed prior to Mission AS-201 and
the results applied to pertinent prelaunch preparations.

In addition to the analysis and pertinent plotted data included
in this report, the complete plotted flight data are contained in a
companion volume, "Flight Data Report for Apollo Mission A-004 (SC-002)"
(ref. 1).

Unless otherwise specified, zero time (T-O) for all data in this
report is referenced to 4-inch motion of the test vehicle.
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Figure 2,0~1.- Test vehicle for Apollo Mission A-004 prior to launch (11-30-65).
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1. Lift-off (8:17:00.776 a.m., m,s.t.)
2. Staging 36.4
3. Mach=1.0 38.7
4, Maxq 41.8
5.  Pitch-up initiation 70.81
6.  Abort initiation 73.7
7. Canard deployment 84.8
8. Tower jettison 193.8
9. Drogue parachute deployment 195.8
10. Main parachute deployment 237.6
11. Main parachute disconnect 410.0
12. CM landing 410,0

Figure 2.0-2.- Sequence of major events, Apollo Mission A-004,
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3.0 TEST VEHICLE DESCRIPTION

%.1 Spacecraft

The unmanned spacecraft (SC-002) flown on Apollo Mission A-OOL con-
sisted of a modified Block I command module (CM), modified Block I ser-
vice module (SM), and modified Block I launch-escape subsystem (IES).
(see refs. 2 and 3.) Among other differences from the Block I configu-
ration, the center of gravity of the launch-escape vehicle (LEV), and
the thrust vector of the launch-escape subsystem were changed to assure
the attainment of the required condition of power-on tumbling after
abort initiation. (See sections 3.% and 5.0.) The spacecraft was mated
to the Little Joe II (LJ II) launch vehicle by means of an aluminum
adapter ring.

The test wvehiecle configuration is shown in figure 3.1-1; fig-
ure 3.1-2 shows the LEV configuration; and the locations of LEV centers
of gravity and IES thrust vector are shown in figures 3.1-2 and 3.1-3%
and in table 3.3-I1.

Spacecraft 002 approached the production spacecraft Block I config-
uration that will be used for fubure manned flight, and was approximately
the same in external size, shape, and gross weight as the Apollo Mis-
sion A-00% boilerplate configuration (ref. L). Production, prototype,
and interim design subsystems were included in the configuration to be
compatible with the operational requirements for flight tests at the
White Sands Missile Range (WSMR). These subsystems and their associated
mission performance are described in debtail in sections 5.2 to 5,14 of
this report.

Spacecraft body axes are indicated in figure 3.1-4k. (Also see
ref. 5.) '

To assist in photographic identification of spacecraft attitudes
and motion during flight, the exterior surfaces of the CM and boost
protective cover (BPC), the launch-escape motor, and the SM were painted
as shown in figure 3.1-5.
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Figure 3,1-1,- Test vehicle configuration, Apollo Mission A-004,
(Also see figure 3,2-1 and 5,2-1t0 5,2-3),
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Station Reference
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Figure 3.1-2.- Launch-escape vehicle iererence stations and center-of-gravity locations,

Apollo Mission A-004,
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Figure 3,1-3,~- Launch-escape vehicle center-of-gravity and thrust vector location,
Apollo Mission A-004,
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Figure 3.1-4.- Spacecraft axis system for orientation and motion,
Apollo Mission A-004,
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Figure 3.1-5.- Paint patterns, Apollo Mission A-004,
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Figure 3.1-5.- Concluded.
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3.2 Launch Vehicle

Little Joe IT launch vehicle 12-51-3 was the fourth in a series of
LJ IT launch vehicles utilized to boost an Apollo spacecraft for an
gbort test at White Sands Missile Range. The launch vehicle was a fin-
stabilized, aubtopilot-controlled airframe which used solid-fuel rocket
motors for propulsion power. (See fig. 3.2-1.) This launch vehicle was
similar to that used for Mission A-00% (ref. 4). Reference 6 contains
a description and specifications for the launch wvehicle, including the
differences between vehicle 12-51-3 and 12-51-2.

The launch vehicle airframe consisted of cylindrical forebody and
afterbody shells, and four fins with autopilot-controlled elevons. A
reaction control subsystem included on LJ II 12-51-2 for Mission A-003
was omitted for this mission. Four Algol ID Mod I motors and five
Recruit TE-29 mobors were mounted on the thrust bulkhead, the main
structural member of the vehicle.

The launch vehicle subsystems and their associated mission perform-
ance are described in detail in section 6.0 of this report.
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Figure 3.2-1.- Little Joe II launch vehicle 12-51-3, Apollo Mission A-004,
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3.3 Mass Characteristics

The mass properties calculated from actual measurements and the
predicted values are shown in table 3.3-I.

For Mission A-OO4 the launch-escape system was unballasted and the
CM was ballasted toc achieve the desired center of gravity of the launch-
escape vehicle at launch-escape motor burnout. Primarily as a result
of the additional ballast, the command module for Mission A-OO4 exceeded
the Block I control weight by 107 pounds at launch.

Figures 3.3~1 to 3.3-6 illustrate the changes in mass properties
with burning time for the launch-escape vehicle. Predicted calculations
did not include removal of the soft boost protective cover. Actual
values shown are based on the fact that the entire soft portion of the
boost protective cover was lost at 1.7 seconds after launch-escape-motor
ignition since the acturl time for break-up of this portion cannot be
determined accurately from the available data.

The mass characteristics for the launch vehicle show minor changes
from those predicted. The Y and Z coordinates are zero and remain con-
stant throughout the flight. The remaining mass properties for the
launch phase are shown in reference 1.

“ .



TABLE 3.3-I1.- MASS PROPERTIES FOR MISSION A-OOL

Moment of inertia,

Center of gravity, 2
Weight, in. Sl‘ggsf’c
1b
X Y 7, IXX Iy‘y IZZ
Test vehicle at launch | 139 875 706.7 | © 0 81 b2y | 1 4%1 700 | 1 ko3 500
(actual)
Launch payload (actual) 32 680 1022.8 0.0 -0.1 16 ko8 ook 63k 224 077
Launch-escape vehicle 18 906 1137. L 0,3 1.5 5 976 8 ohs 8L 8ol
(actual)
Iaunch-escape vehicle 1% 275 1107.1 0.5 2.3 5 537 62 542 62 LOT7
at burn-out
{without soft BPC)
M prior to drogue P10 695 | 10%3.2 | 1.1 | 3.9 | 5203 Lk 370 b 255
parachute deployment
(predicted)
M at landing P10 086 | 10%0.9 | 1.1 | 33| 5173 4 oh7 3 017
(predicted)

2011 moment-of-inertia data are calculated based on weights shown.

bBased on measured weights at launch..
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4,0 MISSION TRAJECTORY ANALYSIS

4,1 Real-Time Flight Dynamics Control

This mission, as in previous Apollo missions launched at WSMR with
the Little Joe II launch vehicle, made use of the range real-time data
system (RTDS) in connection with inflight control. The four plotboards,
A, B, C, and D, which presented the real-tine data during the flight,
are shown in figure 4.1-1(a) to (d). (Also see section 10.3.) The pre-
flight data included on the plotboards presented appropriate trajectory
parameters based on nominal vehicle performance, the WSMR Decenmber atmos-
phere, and no wind. Plotboards A and B included the action lines for
control of the mission. Plotboard B also showed the Little Joe IT ve-
hicle performance envelope.

The WSMR December atmosphere without wind was used in the RTDS for
the actual mission. On the basis of the information presented by the
RTDS, the Flight Dynamics Officer initiated the pitch-up maneuver by
radio signal to the launch vehicle when the real-time trajectory trace
of Mach number plotted against dynamic pressure crossed the actioa line
on plotboard B (as required by ref. 7). The action line was derived so
that 2.8 seconds after pitch-up (the nominal time between the pitzh-up
maneuver and abort initiation), the command module would experience the
abort initiation conditions which were expected to result in the desired
11,1 4 1.5 psid. (See fig. 24, ref. 8.) If the launch vehicle failed,
plotboard A (flight-path angle plotted against altitude) would be used
for abort control in order to recover the command module intact, if
possible.

The WSMR December atmosphere and the launch-time atmosphere are
compared in figures 10.5-1 to 10.5-6.
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L.2 Comparison of Flight with Preflight and Postflight Simulations

The values of several trajectory parameters at significant events
in Mission A-OO4 are shown in table 4.2-I. Values for the actusl mis-
sion were derived from radar and optical tracking. In addition, two
prelaunch predictions and one postlaunch prediction are included. A
brief discussion of each trajectory follows.

(a) Prelaunch prediction based on WSMR December atmosphere — This
prelaunch trajectory simulation was based on nominal vehicle performance
and the standard WSMR December atmosphere without wind. Trajectory
parameters on the plotboards used by the RIDS during Mission A-004 were
from this simulation.

(p) Prelaunch prediction with January atmosphere — This preflight
prediction was based on the final weight and balance data from WSTF and
the standard January WSMR atmosphere without winds. Because the changes
were so slight from the values based on the WSMR December atmosphere
which were already drawn on the plotboards, the decision was made to
use the standard WSMR December atmosphere for conducting the mission.

(c) Actual flight results — Flight results were primarily obtained
from the replay of the RIDS flight tapes with the launch-time atmosphere
and winds as shown in figures 10.5-1 to 10.5-6. In addition, optical
tracking was used where it was available. Flight event times are based
on telemetry for the launch vehicle and on the recording of onboard
timer functions for the spacecraft.

(d) Postflight trajectory simulations were made using the follow-
ing flight-derived inputs: (1) lauwnch-time atmosphere and winds,
(2) the actual times of pitch-rate initiation, staging, pitch-up, and
gbort initiation, (3) flight thrust as shown in figures 6.1-1 to 6.1-k4,
and (4) flight weight and balance as discussed in section 3.3.

Figure 4.2-1 shows plotboard B in which the T-2 hour atmosphere
and winds were used to recalculate Mach number and dynamic pressure.
This plotboard was used for early assessment of the flight.

Flight results, including time histories of altitude, Mach number,
dynamic pressure, total velocity, and flight-path angle, are presented
in figures 4.2-2 to L4.2-8. Altitude with respect to renge snd a ground
track of the command module are also shown. Figure 4.1-1(a) shows that
as soon as discernible, the flight-path angle was higher than predicted,
even though the nominal 84° launch elevetion was used. This higher
flight-path angle combined with an approximate l-second delay in the
start of the pitch programmer caused the trajectory to be higher than
nominal for a given range, as seen on figure 4.1-1(c). This higher
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altitude and the denser atmosphere, as seen on figure 10.5-4, combined
to place the real-time Mach number/aynamic pressure trace at the action
line approximately 5 seconds earliler than nominal.

The pitch~up RF command was sent, and sbort initiation occurred
2.9 seconds later. Flight results, in terms of Mach number and dynamic
pressure, indicated that the Little Joe II launch vehicle placed the
command, module well within the planned altitude-velocity test region.
(see figs. 5.0-1 and 5.0-2.)

Launcher azimuth was set at 348°29' to compensate for the predom-
inately westerly wind shown in figure 10.5-5. Figure 4.2-8 illustrates
the amount of parachute drift caused by this wind.
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TABLE 4.2-T.~ MISSION A-~00L TRAJECTORY PARAMETERS

Preflight predictions

, Flight [|Postflight
et ox perancier e | oy, | zesata [simastion
Launch azimuth, deg B, of N, . . . 351 Z251 21.8°pg" 348eg*
Taunch elevation, deg . « + . . . 8l 8k 8l 8L
Staging
Time, SE€C « « + 4 o 4 e 4 0 o+ s 37.0 37.0 36.4 36,4
Altitude, ft me 1. . . . . . . 17 854 17 936 18 23 18 023
Mach mumber . . o« o o « « & o . 0.793 0.798 0.81 0.807
Cynamic pressure, 1b/sg ©t . . . 480 482 LS 485
Dowvnrange, £t W, . . . . . . . . 3 806 3 882 3 520 3 767
Crossrange, ft W. . . . . . . . 638 651 785 571
Flight-path angle, deg . . . . . 68.4 A8. L 71.5 1.2
Pitch-up maneuver
TiMe, S€C -+ + 4 « ¢ 4 w4 s+ . 76.1 75.85 . 70.81 70.8
Altitude, £t m.s.l. . . . . . . 60 0ko 60 037 56. 985 56 319
Mach number .« . « o o o o o o o 2.48L 2.1:89 2.2k 2.27
Dynamic pressure, 1b/sq £t . . . £59.7 659.5 610 A48
Downrange, ft M. . . « + + 4+ . . Lo 652 Lo Lop 32 940 34 216
Crossrange, £t W. &+ + o o & + & 6 886 6 851 b L4655 3 775
Total velocity, ft/sec . . . . . 2 351 2 365 2 1ho 2 179
Flight-path angle, deg . . . . . 31.57 31. 84 38. 4 37.5%
Angle of attack, deg . . . . . . 1.70 1.73% 2.3 1.67
Abort initiation
TiME, SEC =+ + o o + o s o o + 78.9 78.65 73,73 73.73
Altitude, £t m.s.l. . . . . . . 63 Lhg 6% 489 61 083 60 359
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TABIE 4.2-T.- MISSION A-004 TRAJECTORY PARAMETERS - Continued

Preflight predictions

Flight Postflight

Event or parameter December Janvary results |simulation

atmosphere |stmosphere

Mach NUIDET . o » & = « + ¢ = & 2.hhk 2. 460 2.43 2,448
Dynamic pressure, 1b/sq £t . . . 539.5 543, 9 577 619
Downrange, £t N. . . . « . . . . L8 253 48 026 38 090 39 L5k
Crossrange, £t W. . . « + + « 7 779 7 T45 5 235 L 506
Total velocity, fifsec . . . . . 2 328 2 3.8 2 315 2 3Lz
Flight-path angle, deg . . . . 31.55 31.89 39.2 38,87
Angle of attack, deg . . . . . . -16.%2 -16.3%5 ~1%.5 -16.0

Canard deployment

Time, S€C .+ o o « « « o - o 4 o 89.9 89.65 84.8 84.8
Altitude, ft m.s.1l. . . . . . . 72 151 72 410 72 845 70 989
Mach mumber .« « « « « o o « o . 1.571 1.583 1.56 1.48
Dynamic pressure, lb/sq £t . . . 1454 145.6 134 134
Dovmrange, £t N. . . . . « . . . 67 923 67 79 56 370 57 360
Crossrange, ft W. . . . . « « . 11 082 11 065 7 718 7 282
Total velocity, ft/sec . . . . . 1 512 1 526 1 500 1 418
Flight-path angle, deg . . . . « 17.25 17.75 27.8 23.51
Apogee
TiME, SEC o « « o o o 0 0 v 101.7 102.0 102.2 99.4
Altitude, ft m.s.1l. . + . . . . Th 663 75 096 78 180 T 82k
Mach NUMDEY + « « « & « o o o o 1.10k 1.098 0.9%4 0.9%
Dynamic pressure, lb/sq ft . . . 63.7 61.6 38 L8

Downrange, £t N, . « « + « « . 82 206 8o 841 75 060 72 865
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TABIE 4.2-71.- MISSION A-OOL TRAJECTORY PARAMETERS - Concluded

Preflight predictions

Flight Postflight

Event o amet D
r parameter ecember | January results |simulation

atmosphere | atmosphere

Crossrange, ft W. . . . . . .. 1% 557 13 673 9 655 9 643
Total velocity, ft/sec . . . . . 1 066 1061 905 921

Tower Jettison

Time, S€C .+ + + « + o+ .. 188;8 189.0 193.8 185.9
Altitude, £t m.s.1l. . . . . . . 2k 003 23 886 23 050 23 250
Mach number . . . . . . . . .. 0.533 0.526 0.48 0.53
Dynamic pressure, 1b/sq £t . . . 168.8 16%.0 135 168
Downrenge, Tt N. . . . . . . . . 119 ko8 119 797 110 405 108 oko
Crossrange, Ft Wo . & & & 4 & . 20 123 19 728 8 036 9 958
Total velocity, ft/sec . . . . . 552 543 500 557

Main parachute deployment
(pilot parachute mortar fire)

Time, sec . . . . . e e e e . 237.4 237, 7 237.6 2340
MwMgﬁm&L...”. 10 554 10 486 10 450 10 189
Mach number . . . . . . . e e . 0,200 0.200 0,21 0.20
Dynamic pressure, lb/sq ft . . . | 40,6 40.6 43 L1
Downrange, £t N. . . . . . . . . 119 460 120 028 112 400 | 110 150
Crossrange, Tt W. . . . . . . . 19 955 19 810 L 8o 6 k6o
Total velocity, ft/sec . . . . . 218 218 226 220
Command module landing
Time, S€C + o o o « o o » & o - ko6, 2 Lok, 5 k10 h13,1
Altitude, ft m.s.l. . . . . . . 4 000 4 000 4 o062 L 000
Downrange, ft N. . . . . . . . . 119 he2 119 989 113 624 110 958
Crossrenge, £t W. . . . « &+ o 19 gh7 19 802 3 328 k olhg

Total velocity, ft/sec . . . . . 28.18 28.21 27.5 27.78
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5.0 SPACECRAFT PERFORMANCE

The Mission A-00L test point relationship to the Saturn launch
vehicle performance envelope and other WSMR missions is shown in fig-
ure 5.0-1, In conformsnce with the first-order test objectives, this
test point was located within the region of the power-on tumbling
boundary. The boundsry was based on the structural load capability of
the spacecraft and the altitude and velocity at which the launch-escape
vehicle (LEV) could be allowed to tumble, during the power-on phase of
the abort, without experiencing greater than design limit loads. The
structural loading of primary interest in the above definition was the
local pressure differential across the commend module (CM) exterior
wall caused by tie difference between the internal cavity pressure and
the combined external effects of the aerodynamic and launch-egcape
motor plume impingement pressures. The spececraft design limit load
for this condition is 11.1 psid.

Figure 5.0~2 shows an expanded view of the test region. The
planned and actual abort points are indicated on the figure. The test
region is bounded by the predicted Little Joe II (LJ II) maximum and
minimum performance trajectories and an allowable differential pressure
dispersion of *1.5 psi. As shown in the figure, a differential pres-
gsure of approximately 11.8 psid should have been developed during the
actual abort of Mission A-OO4 with nominal IEV performance. The plume
impingement pressure dats used in the mission design were approximated
from data taken in wind-tunnel tests (ref. 9). The approximation
assumed the implngement pressures to be a direct function of free-stream

dynamic pressure and the relationship between plume and free-stream
momentum.
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5.1 Aerodynamics

A manned spacecraft would have a low probability of experiencing
tumble during an abort at the altitude-velocity conditions of this test.
However, because design 1imit pressure loads during a tumbling sbort
were desired, and because of the test vehicle structural limitations
imposed on the pitch-up maneuver, the launch-escape vehicle (ILEV) was
configured to insure power-on tumble. This was accomplished by using
the pitch-control motor at the abort altitude, moving the LEV center-of-
gravity by using ballast, and setting the launch-escape subsystem (EES)
thrust vector to its extreme destabilizing position. (See section 3.3
and figure 3.1-3.)

As a result of this configuration, the vehicle did tumble and the
loads and the rotational rates were higher than would be expected during
a normal spacecraft abort in this altitude-velocity region. The pitch
and yaw rates displayed peak values of 160 deg/sec, while the roll rate
reached a peak of ~T70 deg/sec during the power-on portion of the abort.
The longitudinal load factor peaked at about +15g during peak thrust
with the vehicle oriented main heat shield forward. The Y-axis load was
oscillatory between 42.5g, and the Z-axis load reached peaks of +2.5g
and ~5g.

A postflight six-degree-of-freedom similation was conducted to de-
termine if the LEV motions can be predicted satisfactorily by using
wind-tunnel-derived aerodynamic data in the abort Mach number range.

The simulation utilized actual abort initial conditions, atmosphere
properties and winds measured at time of lift-off, actual thrust values,
and actual mass cheracteristics.

The aerodynamic data used for the simulation were obtained from
nurerous wind-tunnel test runs conducted for limited wvalues of Mach
number, angle of attack, and thrust. The power-on tests were limited
to an angle of attack, a, of approximately 50° (for static force date).
To provide additional data necessary to cover the complete range of the
flight parameters expected for this mission, the power-on data were ex-
tended using power-off wind-tunnel data. Neither dynamic damping nor
roll data were available for the IEV with power on.

The simulated rotational rates are compared with the flight-measured
rates for the first few seconds following abort as shown in figure 5.1-1.
There is good agreement between simulated and actual rates for the first
1.5 seconds subsequent to abort, whereas beyond this time the comparison
becomes divergent. The flight parameters during the first 1.5 seconds
are within the range of measured wind-tunnel power-on data (a = 50°).
After about 1.5 seconds the spacecraft had rotated to aerodynamic angles
which necessitated the use of extrapolated data, which probably accounts
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for most of the divergence of this portion of the simulation. The dy-
nenmic damping becomes more significant during the portion of the flight
when high angular rates are encountered.

As expected for the configuration characteristics and the sbort
conditions, the LEV exceeded the attitude of static stability (o = 35°
for this IEV) at about 1 second after abort initiation.

Based on the reasonable agreement of the f£light and simulated rates
during the first 1.5 seconds of IEV flight, it is indicated that the ex-
isting serodynamic data are adequate to predict the vehicle static sta-
bility and can be used to determine operational tumbling boundaries.

The results of a detailed analysis of the aerodynamic flight data in
order to improve the simulation are not within the scope of this report.

The aerodynamic effectiveness of the ILEV with canards extended in
arresting the tumbling motions and providing damping during the descent
was slightly greater than the design requirements of the operational
vehicle and can be, in part, attributed to the more rearward center-of-
gravity location of spacecraft 002. Flight data indicated that quasi-
steady-state oscillations about O deg/sec were established about all
axes at T+115 seconds with the meximum rate at tower jettison being
60 deg/sec and occurring in the pitch plane.

A postflight simulation of the LEV with canards was conducted using
the spacecraft flight position and wvelocity data at the time of canard
deployment (T+84.8 sec). Figure 5.1-2 shows a comparison of the enve-
lope of the actual and simulated angular rates for approximately 50 sec-
onds prior to tower jettison. The upper and lower boundaries of each
rate envelope were obtained by connecting the peaks of the positive and
negative rates for the time history period shown. There is reasonably
good agreement between the simulation and flight rates during this time
interval although the magnitude of the peak values from the flight were
less than the simulation. It can be concluded that the canard aerody-
namic data are adequate for trajectory simulation to be used for pre-
dieting vehicle rates at tower jettison.
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Figure 5. 1-1.- Comparison of actual and predicted launch-
escape vehicle spacecraft rotational rates for Apolio
Mission A-004,
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5.2 Structural Loads

5.2.1 Summary.- Analysis of the flight dats indicates that space-
craft 002 performed with no structural problems throughout the flight.
Interface loads calculated for the maximum load f£light conditions
throughout the flight show that the liwit load capability of the struc-
ture was not exceeded. The maximum differential pressure measured on
the command module (CM) conical heat shield during plume impingement
was 7.1 psid based on flight data, although the desired differential
pressure was 11.1 + 1.5 psid. Strain-gage data on the CM structure in-
dicated low stress levels during the entire flight. Strain gages in-
stalled on the launch-escape subsystem (LES) tower legs gave maximum
tension loads during the tumbling abort that reached 85.8 percent of
design limit. Strain-gage instrumentation on the service module (SM)
radial beam trusses and tension ties showed very low stress levels
wntil pitch-up. At pitch-up, the stress levels were still less than
50 percent of the allowable in any member.

5.2.2 Structural description.~- Mission A-O04% was the first flight
test of the Block I command module and service module structures; how-
ever, the Block T launch-escape subsystem structure had been previously
tested on Mission A-002 (BP-23), Mission A-00% (BP-22), and Mission PA-2
(BP-23A), references 10, k4, and 11, respectively. A basic detailed
description of the LES is included in reference 10 and additional in-
formation may be found in references 4 and 11.

leunch-escape subsystem: The LES used on spacecraft 002 was a
Block I configuration consisting of a Q-ball assembly, & ballast com-
partment, the canard subsystem, launch-escape, pitch-control, and
tower-jettison motors, a tower structure, and the boost protective
cover. (See fig. 5.2-1.) The tower structure was a four-legged,
welded, tubular, titanium alloy truss, covered with Buna-N-rubber for
thermal protection. The tower structure was attached to the LES motor
structural skirt by alignment bolts and attached to the command module
by four explosive bolts of interim design (refs. 10 and 4). The hard
portion of the boost protective cover was also attached to the tower
at the CM-LES interface. Ballast plates, normally located at the
interface between the Q-ball assembly and the pitch-control motor, were
omitted on spacecraft 002 as a part of the LEV center-of-gravity shift
to assure the tumbling required (see sections 3.3 and 5.1).

Command mecdule: The command module structure consisted of a crew
compartment inner structure, a crew compartment outer structure conical
heat shield, a main heat shield, and a forward compartment heat shield
(apex cover) as shown in Ffigure 5.2-2.

The crew compartment inner structure, which was the primary load-
carrying structure of the CM, was a semi-monocoque, aluminum honeycomb,
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pressure vessel. The structure resembled base-opposed truncated cones,
each capped by bulkheads. The flat forward bulkhead incorporated a
cylindrical access tunnel capped by a flat pressure hatch cover. The
aft bulkhead was spherically contoured. ILongerons were incorporated
in the side walls of the structure. Included in the conical structure
were four windows, the astro-sextant navigational hatch, and the main
crew access hatch.

The conical heat shield protecting the outer structure of the crew
compartment formed the center conical portion of the command module be-
tween the forward and aft heat shields. The conical heat shield was
attached to the inner structure by load-transfer stringers and frames,
and included equipment access panels, fovr windows, two hatches, the
CM-SM umbilical, and two secimitar antennas.

The main heat shield, which wes not a Block I design, but was of
interim configuration and material for this flight, enclosed the blunt
end of the command module. Three compression and three shear - com-
pression pads were incorporated in the mein heat shield to transmit
loads from the CM to the SM. At the three shear — compression pads,
tension tie bolts were attached to the crew compartment inner structure.

The forward compartment heat shield (apex cover) was of interim
configuration for this mission and was secured to the crew compartment
inner structure by four tension tie rods which were located within the
apex cover Jjettison thruster assemblies.

The substructures for the heat shields were constructed of brazed
steel honeycomb panels with the outer surfaces covered with ablative
cork to simulate the Block I heat shield.

Service module: The service module was a Block I structural shell
without the Block I subsystems installed. It consisted of an ocuter
shell, radial beams, forward and aft bulkheads, and CM-SM fairing.

(See fig. 5.2-3.)

The outer shell was divided into six basic panels of aluminum
honeycomb material attached to the alumirum radial beams and to the
forward and the aft bulkheads. Subpanels incorporated radiators for
the environmental control subsystem (ECS) and the electrical power
subsystem (EPS). The radiators were inactive for this mission. Re-
action control subsystem (RCS) panels included one panel complete with
Block I engine nozzles, and three panels with simulated engines in-
stalled.

The gquad D RCS engines were prototype Block I with the exception
of the solenoid valves which were mass simulated. A prototype quad
housing, two propellant tank mass simulators, and one helium tank mass
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simulator completed the gquad D RCS assembly. Details of the prototype
engine are shown in figure 5.2-L. Each dummy assembly of quads A, B,
and C consisted of a prototype housing and four dummy engines which
similated the weight and center of gravity of the prototype engines.
The radial beams transferred loads from the CM to the SM outer shell.
The aft bulkhead was utilized to carry ballast. The service propulsion
subsystem (SPS) components were not installed.

The CM-SM interface consisted of six compression mounting pads,
one st the apex cof each radial beam truss. Tension ties with shear
pads were installed at the interfaces on radial beams 2, 4, and 6.
(See fig. 11.2-13.) A production fairing extended between the service
module and the commend module.

Launch vehicle adapter: A launch vehicle adapter, or mating ring,
15 inches long, was used to attach the service module to the launch ve-
hicle. TIncluded in the adapter was & blest barrier of laminated fiber-
gless construction. Venting of the service module and adapter was ac-
complished through holes in the adapter.

5.2.3%3 LES tower leg loads.- The LES tower legs were instrumented
with strain gages oriented to measure axial strain and calibrated in
pounds of force {refer to table 11.2-I for exzct location and renge of
the strain gages). A comparison of the meximum tensile and compressive
measured flight loads with limit design lozds is given in table 5.2-I.
It should be noted that the 1limit design loads shown are based on
Saturn V flight conditions.

During launch and pitch-up the loads experienced were low compared
to the limit design loads based on a Saturn V launch. After abort ini-
tiation and separation from the launch vehicle, the spacecraft 002 ILEV
configuration was similar to the design condition configuration except
for the center-of-gravity mass characteristics. The flight loads meas-
ured for the LEV during the tumbling asbort were higher and more nearly
comparable to the design loads, with the maximum being 85.8 percent of
the design limit.

Figures 5.2-5 and 5.2-6 show time histories of the total bending
moment and the total axial force at the LES-CM interface. These loads
were calculated using the strain-gage data from the tower legs. As can
be seen in these figures, the maximum bending moment experienced at
this interface occurred during pitch-up, the maximum compressive axial
force occurred during staging, and the maximum tensile axial force oc-
curred during power-on abort.

If, as shown in table 5.2-I, the tower legs are considered indi-
. vidually, the combined bending moment and axial force during pitch-up
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produced the maximum compressive load per leg, although the maximum
total compressive axial force at the Interface occurred during staging.
The maximum tensile load per leg occurred during the tumbling abort as
did the maximum total tensile interface load.

5.2.4 Command module loads.- Commend module internel loads:
Strain gages were installed in the CM as indicated in figures 1l1.2-6
to 11.2-9. BStresses calculated from the fflight data for each of the
instrumented members are shown in table 5.2-IT for the lzunch, staging,
pitch-up, tumbling abort, tower Jettison, main parachute deployment,
and earth-landing impact phases of the flight. The stresses shown in
table 5.2-II for the heat shield hatch were the only ones indicating
the maximum and minimum principal stresses for the conical heat-gshield
substructure. With the exception of levels measured during earth land-
ing, the stress levels shown in table 5.2-II were very low, and indicate
that the substructure was lightly loaded during the mission. The
stresses measured in the crew compartment heat shield at impact were
high in comparison with stresses measured during the flight, but were
well below the capability of the brazed stainless steel honeycomb
structure.

CM plume impingement loads: During “the abort, the LEV tumbled as
planned. The ILES motor plumes impinging on the CM conical surface
created high static pressures on the surface within the plume. The
planned mission was to obtain a differential pressure across the conical
heat shield of 11.1 4+ 1.5 psid in order to demonstrate the capability
of the CM structure to withstand the limit design load. (Also see
sections 5.0 and 5.1.) Figure 5.2-7 shows the maximum absolute pres-
sures measured during the plume impingement and the internal cavity
pressures measured at the same flight time. It can be seen in Tig-
ure 5.2-7 that the maximum differential pressure indicated was 6.8 psid,
based on the aft equipment compartment pressure measurement near the
+Y axis, or 7.1 psid, based on the aft equipment compartment pressure
measurenent near the -Z axis. The measured differential pressure was
lower than the planned pressure because: (a) the plume impingement
pressures were approximately 80 percent of those predicted for a nominal
mission, and (b) the internal pressure in the aft compartment was higher
than planned by approximately 1.5 psi. (Refer to section 5.13%.) Fig-
ure 11.2-5 shows the locations of the pressure measurements.

The CM aft equipment compartment vent system was designed in such
a manner that compartment pressure would remain within +1.0 psi of am-
bient during flight. Preflight calculations for Mission A-OOL4 showed
that aft compartment pressure for the nominal mission was approximately
0.5 psi above ambient during abort. Postflight inspection and post-
flight tests at the contractor's Downey facility (see section 5.13 and
8.2) indicated that there was inflight venting of the crew compartment,
past the seals of the crew access inner hatch, into the area urder the



conical heat shield structure (including the aft compartment). Addi-
tional air from the crevw compartment could place =n zdditional load on
the aft equipment compartment venting arrangement.

Figure 5.2-8(a) to (c¢) shows the comparison of conical surface
static pressures on the upwind pitch-plane surfece, on the yaw-plane sur-
face, and on the downwind pitch-plane surface. The cross-hatched area
represents the pressure range from wind-tunnel data if the angle of
sttack were varied by +5°. The angles of attack represented by the
plotted wind-tunnel date are calculated velues for the spacecraft 002
flight, assuming no roll or yaw. Good agreement between the flight and
wind-tunnel data is indicated on the upwind surfzce until aboutb
T+74.8 seconds.

The flight data show that at T+75 seconds the LEV rolled approxi-
mately 5° and yawed approximately 8. To obtain a better comparison
between the flight and wind-tunnel data, a more accurate measurement
of angle of attack would be necessary. The uncertainty in accuracy
of angle-of-attack measurement could possibly explain part of the dis-
agreement between the flight and wind-tunnel data at the highest angle
of comparison (o = 48°). The pressures on the yaw plane and downwind
surfaces do not vary as much with angle of attack as those on the up-
wind surface; therefore an error in angle-of-attack measurement is not
as apparent.

e

The method used to obtain the wind-tunnel data shown in fig-
ure 5.2-8 consisted of using the pressures measured in the wind tunnel
with no scaling applied to free-stream dynamic pressure. This was
possible because the plumes envelope the command module, and the free-
gtream flow does not directly affect the surface pressures. This, in
effect, means that the pressures within the plume are unot a direct
function of free-stream dynamic pressure but are primarily affected by
altitude conditions.

5.2.5 Service module internal loads.- Strain gages were instal-
led on both the inboard and outboard legs of the six radial beam trusses
and on the three CM-SM tension ties (refer to table 11.2-I for location
and range). All strain measurements on the truss members were calibrated
in microinches per inch while those on the three tension ties were
cglibrated in pounds of force.

The axial strain on each truss member and the tension tie loads
were converted to axial stress and are shown in table 5.2-I11 for the
lift-off, staging, and pitch-up events. Also shown are the maximum
stresses experienced during the mission and the times at which they
occurred.
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The largest stress experienced by the inboard truss members was
43 percent of its allowable (based on critical buckling stress of
47 000 psi) while the largest stress experienced by the outboard truss
members was 39 percent of its allowable (based on a compressive yield
of 71 000 psi for the material). The meximum stress experienced by a

tension tie during flight was 30 percent of its allowable limit of
90 000 psi.

Generally, most of the strain experienced by the truss members
was low during the greater part of the flight, and was less than 5 per-
cent of the full-scale range of the instrumentation. The maximum meas-
ured values for the truss menbers were only 5 to 10 percent of full
scale, and the maximum measurements for the tension ties were approxi~
mately 20 percent of full scale.

5.2.6 TInterface body loads.- During Mission A-OO4 the maximum
quasi-steady loads experienced by the spacecraft structural interfaces
occurred during lift-off, staging, pitch-up, and the first abort tumble.

The net body loads at the LES-CM and CM-SM interfaces were calcu-
lated using the flight trajectory parameters together with wind-tunnel
aerodynamic data. In figure 5.2-9 loads calculated at the CM-SM and
SM-adapter interfaces are compared with the interface limit load capa-
bility. A summary of the flight trajectory parameters used to determine
these loads is shown in table 5.2-IV. DNone of the load conditions shown
in figure 5.2-9 exceeded the limit load carability of the interfaces.
Load condition 6 in figure 5.2-9 was on the limit load design envelope
itself Dbecause the axial force at the time of abort was approximately
twice the planned value. The axial force was high because of the early
abort, at which time the launch vehicle thrust was approximately 5 to 6
times as high as for the planned time for the abort. (See table 4.1-T
and figs. 6.1-3 and 6.1-k.)

Strain-gage instrumentation on the LES tower legs, on the SM radial
beam trusses, and on CM-SM tension ties were also utilized to calculate
interface loads for these two interfaces. The data from the instrumen-
tation on the tower legs were used to calculate both axial force and
bending moment. The structural geometry of the CM-SM interface ze-
stricted the use of the flight data to the determination of axial
forces only.

Table 5.2-V shows a comparison of the LES-CM interface sxial loads
caleculated using flight trajectory parameters, those calculated from
strain-gage data, and the limit design loads. The flight loads shown
did not exceed the limit design, and the calculated loads were in good
agreement.
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The CM-8M interface loads calculated from flight trajectory param-
eters and from strain-gage data are presented in table 5.2-VI. Axial

force agreement is only fair. Calculations of bending moment and shear
using strain-gage data were not considered valid.

S
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TABIE 5.2-IV.- MISSION A-OO4 FLIGHT TRAJECTORY PARAMETERS FOR

INTERFACE LOAD CONDITIOXNS

[Refer to fig. 5.2-9]

. Dynamic . . - o
R e i [preeme| a2 | By | e | Vs | e | s
1b/ft (a)
T+0. 5 - - - - 2.72 | 0.025|-0.15 | =0
T+36. 56 0.82 430 2.2 -h.&.’ 3.6 -.12 -.20 | =0
T+39. 4k 1.02 690 2.3 | -2.0 2.3 -.12 -.22 | =0
T+70.0 2.2 613 2.1 0.5 2.55 .1 -.32 -0.01
T+T2. 7 2.39 588 -11.7 .6 2.55 L1k 1.50 .30
T+73.6 2.h2 580 -11.1 ) 2.35 .16 1.40 . 0%

&he g values used were Qaléula’bed using rate gyro and linear accelerometer
data and therefore must be considered approximate.

Note.— Related mission events: Lift-off, staging (36.L4 sec), max q (40.1 sec)
pitch-up (70.8 sec), and abort (73.7 sec).
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TABLE 5.2-V.- COMPARISON OF LES~-CM INTERFACE LOADS

Time from

Loads calculated
using flight trajectory

Loeds calculated
using strain-gage data

Linit desiga loads

Lift-ofF, parameters
?2; Axialliorce, AXIaiberce’ Axialliorce,
(b)

T+0. 5 -21 100 21 265 -98 800
T+36. 56 -30 400 -36 738 -98 800
T+39, Il -21 000 -2k Yoo -98 800
T+70. 0 -24 100 -25 281 -98 800
T™+72. 7 -2k 800 -23 237 -98 800
T+75. 6 -23 000 -18 8§00 -98 800
T+T75.3%9 - 112 130 163 200
T+75. 69 - 113 a7k 163 200

%gee table 5.2-1V for condition flight parameters.

Includes effects of structural dynamics.

Lift-off, staging (36.4 sec),
Max g (40.1 sec), pitch-up (70.8 sec), and abort (T3.7 sec).

Note.— Related mission events:
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TABLE 5.2-~VI.- COMPARISON OF CM-SM INTERFACE LOADS FROM

STRAIN DATA AND FLIGHT PARAMETERS

Flight time,

Loads calculated
using flight trajectory

Loads calculated
using strain-gage

sec parameters data
(a) Shear, | Axial force, | Bending moment, Axial force,
1b b in. -1b 1b
0.5 2 870 ~51 400 o.h58x1o6 -64 703
T+3%6. 56 6 600 -85 600 . 065 -97 2k
T+39. Ul 6 800 -94 200 .187 -106 030
T+70.0 1 010 -88 100 . 569 -102 838
T+72.7 1 600 -91 500 1.105 -92 005
T+73. 6 1 800 -86 400 1.903 -90 913

®3ee table 5.2-1IV for condition flight parameters.

Note.~- Related mission events:

Lift-off, staging (36.% sec),

Max q (40.1 sec), pitch-up (70.8 sec), and abort (73.7 sec).
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(c) Downwind surface in pitch plane.

Figure 5.2-8.- Conical surface plume impingement pressures on Mission A-004.
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5.3 Structural Dynemics

2.3.1 Summary.- Examination of all spacecraft strain, pressure,
and acceleration data indicated that the spacecraft performed adequately
in the launch environment.

Command module X-axls oscillatory accelerations of 2.k4g peak-to-
peak were measured at engine staging. The predominent frequency was
ik c¢ps. These oscillations damped out within 1 second and are of no
consequence structurally.

Power spectral snalyses of Y- and Z-axis accelerations showed &
predominant frequency of 36 cps throughout the powered phase of flight.
Small excitations of the first and second free-free bending modes of
the launch vehicle were noted in oscillograph records. The first free-~
free bending mode of the launch escape vehicle (LEV) was excited at
abort. Maximum bending moments caused by these ogcillations were low
ané. of no structural consequence.

Service module fluctuating pressure data show levels approximately
the same as those of bollerplate flights; however, the effects of the
larger angle of attack on the complete pressure environment could not
be assessed since no measurements were made on the windward side of the
spacecraft.

Service module outer shell and interior vibration data show levels
much lower than those cobtained in acoustic tests simulating the flight
envirorment. One exception to this is the vibration level of the inner
flange of radial beam 5 which was approximately the same as that ob-
tained in the acoustic tests, although the spectral distribution was
different. This high level indicates a much greater transmissibility
from the outer shell to the radial beam inner flange than was obtained
in the acoustic tests. At present this phenomenon is not understood.

Service module RCS engine nozzles experienced vibration levels
approximately twice those obtained on the simulated nozzles of BP-15
(ref. 12). At present the mode associated with the predominant fre-
quency of vibration, 490 cps, is unknown.

Service module strain data showed extremely low levels which were
generally within the noise of the instrumentation system.

Acoustic data taken inside the CM indicated levels lower than those
of simulated flight environment in ground tests.
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Command module vibration data show levels lower than those obtained
in acoustic tests. The majority of data throughout flight were close
to the noise of the instrumentation system.

5.3.2 Vehicle low frequency vibrations.-

CM X-axis vibrations: Two accelerometers, located in the CM as
shown in figure 11,2-5, were used to measure X-axis low-frequency vi-
brations.

The maximum boost low-freguency vibration occurred at T+36.5 sec-
onds, the time of second-stage ignition, as shown in the rms time
history of figure 5.3-1l. Oscillograph records indicate that the magni-
tude of the vibration was 2.4g peak-to-peak at a frequency of 1L cps
at this time. Figure 5.3-2 is an acceleration spectral density plot
which shows all vibratory energy in the period from T+36.5 seconds to
T+39.5 seconds to be concentrated at this frequency. The oscillation
was damped out completely within 1 second after staging, and is there-
fore considered to be of no consequence.

Y-axis and Z~axis vibrations: The test vehicle was instrumented
with eight accelerometers which measured low-frequency vibrations along
the Y-axis and Z-axis of the vehicle. Two measurements, LAOOllA and
LAOO12A, were provided in the forward extremity of the LES, and two
measurements, CAOQ05A and CAOOOTA, in the CM. TFour measurements were
located in the LJ IT launch vehicle. Two measurements, BBO122A and
BBO123A, were on the forward bulkhead, and two measurements, BBOOLBA
and BBOOLOA, on the aft bulkhead. The IES and CM accelerometers were
ranged +5g, and the launch vehicle accelerometers were ranged 412g.

The Z-axis LES accelerometer showed maximum low-frequency vibra-
tions during launch and abort to be 2g and 9.7Tg peak-to-peak, respec-
tively. The maximum level for the launch phase occurred at a frequency
of 36 cps and lasted from T+30 seconds to T+55 seconds. This frequency
is shown to possess maximum energy in the acceleration spectral density
plot of figure 5.3-3. The maximum LEV abcrt vibration level also oc-
curred at 36 cps. These frequencies are well above those of the lowest
predicted test vehicle and IEV free-free bending mode shapes. The asso-
ciated mode of vibration is unknown; however, vibration at this frequency
is of 1little concern since the maximum displacements produced are
0.015 inch and 0.072 inch, respectively.

The rms time history of the Z-axis tower accelerometer is shown in
figure 5.3-4. In general, the Y-axis tower accelerometer showed the
same vibration characteristics with slightly lower levels.
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Analysis of the IES data showed small excitation of the lower free-
free bending modes for both the LEV and the SC-002/LJ II test vehicles
during flight. The acceleration of the test wvehicle at 1lift-off was
1.3g peak-to-peak at 3 cps. The predicted value for this first free-
free bending mode frequency was 3.4 cps. The acceleration spectral
density plot of figure 5.3%-5 shows the maximum energy concentrated at
approximately 3 cps. At T+l5 seconds, & maximum response of O.Tg peak-~
to-peak was noted at the predicted second bending mode frequency of
11 cps. After abort, a meximum response of 7.5g peak-to-peak was ob-
tained at 9 cps. The predicted frequency for this LEV first free-free
bending mode was 9.7 cps. :

Oscillations at the first mode frequencies of the two configura-
tions produce maximum interface bending moments as shown in the follow-
ing table. These bending moments, when combined with the static
moments, lie well within the limit-load capability.

Interface bending moment
First TES
. . free-free . Tower-CM CM-8M SM~fairing
Configurat ; £t : : /
ontlguration | v ending mode Sk;"':le;;’er X,=1083, | X,=1010, |  ¥,=838,
frequency, A " ineb in-1b in-1b
cps in-1b + )

56-002/L3 II 3 2.00x10° | 4.19x10° | k. 99x10°7 | 5.%1x10°
LEV 9 6.7510° | 2.76x10° - -

The CM Y-axis and Z-axis acceleration date exhibited similar wave-
forms at corresponding times. As was expected, the magnitudes for the
CM measurements were much lower than those given by the LES measurements
(see ref. 1).

5.3.3 Service module dynamics.-

Fluctuating pressures: Spacecraft 002 was instrumented with two
pressure transducers to measure SM fluctuating pressures during atmos-
pheric flight. Transducer SAO9STP was locsted on the SM exterior sur-
face near the -Y axis and 26.8 inches forwerd of the RCS quad D center-
line (see fig. 11.2-19) which was within an area in which pressure
levels change rapidly with axial distance from the RCS engine.
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Figure 5.3-6, which presents rms pressure plotted against vehicle
station obtained from PSTL-1 wind-tunnel data, illustrates the effect
of the RCS protuberance in this region during transonic flight. No
previous flights had transducers at this exact position. However, data
from measurement SAOL86P (Mission A-101, ref. 13) and SA095TP (Mission
A-00k4), indicated approximately the same overall sound pressure level
and are shown for comparison of figure 5.3%-7. Additional comparison of
SM fluctuating pressure can be made using measurements SAO958P (Mission
A-004), SAOQL66P and SAOL6LP (Mission A-102, ref. 12), located at com-
parable SM position. This comparison is made in figure 5.3-8. All fig-
ures indicate data which are corrected to dynamic pressures of SC-002
flight trajectory. The maximum overall sound pressure levels obtained
from the rms time histories of figures 5.3-9 and 5.3%-10 are 161.5 dB
(0.345 psi) and 157.6 dB (0.22 psi) for SAC9STP and SA0958P, respectively.

Tn general, meximum overall sound pressure levels of the SC-002
transducers agree with levels obtained in previous flights at comparable
SM locations. These values are compared with data from previous flights
in figure 5.3-11.

It is worth noting that the SC-002 maximum overall SPL's occurred
at a Mach number of approximately 0.85 while previous flights showed
maximum levels occurring at M = 0.80. This Mach number shift, as illus-
trated in rms Mach histories of figure 5.3-8, is believed to have been
caused by the larger angles of attack obtained in the SC-002 flight.
This phenomenon has been noticed in wind-tunnel tests as angle of
attack, a, is increased from O degrees (refs. 1k and 15). This effect
is caused by a delay of the subsonic flow separation from the windward
CSM shoulder. Figure 5.3%-12 presents a comparison of angle of attack
plotted against Mach number for Missions A-004, A-101, and A-102. The
angle-of-attack effect is also known to cause pressure fluctuations
which are larger on the leeward half of the SM than on the windward
half for angles of attack greater than O degrees (ref. 16). As much
as 5 dB differences have been noted between windward and leeward sides
of the SM at a = 4 (ref. 15).

The two SC-002 measurements are known to lie on the leeward side
of the SM and, therefore, would be expected to indicate the maximum
values for their respective axial and circumferential locations as
opposed to similar locations on the windward side of the SM. Since the
8C-002 sngle of attack was generally greater than 3.5° during the tran-
sonic region of Mission A-004, it is possidole that the SC-002 data rep-
resent maximum pressures rather than pressures which are more or less
symmetrically distributed around the SM, as were the pressures on pre-
vious flights. If this case exists, the fluctuating pressure environ-
ment of the complete SM, as well as the corresponding SM vibration
response, could be down as much as 50 percent from that of previous
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flights. Further analysis will be required to determine if such a case
did exist.

The pressure spectral density, when compared with applicable data
fron Mission A-102 (BP-15) in figure 5.3%-13, seems to possess approxi-
mately the same frequency distribution of erergy. The lower energy
levels can be attributed to the large time slice used in the data re-
duction which encompassed the large drop in pressure that oceurred be-
tween T+37 seconds and T+39 seconds (fig. 5.3-10). The pressure
spectral densities for the two SC-002 measurements are given in fig-
ures 5.3-14 and 5.3-15.

Outer shell vibrations: UNine radial vibration measurements were
made on the SM. One of these measurements was located on the fairing
at station XS 375.1 at 187.5°. These measurements were ranged to

measure amplitudes of 1000g peak-to-peak with a frequency response
from 10 to LCO cps. All measurement locations are shown in fig-
ure 11.2-19.

Plots of rms time histories are presented in figures 5.3-16 and
5.3-17. These plots indicate that the meximum vibrastion levels occur
during the lift-off, transonic, and supersonic periods. Vibration
values range from 17.1g (rms) to 36.0g (rms) during the transonic
period of flight. Maximum values during both transonic and supersonic
periods are presented in the followilng table:

Treansonic region Supersonic region
Accelerometer Mach Maximum level, Mach Maximum level,
number number g(rms) number g(rms)
SA09L4OD 0.78 22.0 1.8% 22.5
SAO9LLD .84 31.0 1.72 30.0
SAO945D .84 36.0 1.68 28.0
SAO9L6ED .8L 27.5 1.55 20.8
SA09LTD .84 22.0 1.62 20.0
SA0948D .87 17.1 1.55 1k.9
SAO9LOD .84 20.5 1.90 18.0
SA0950D .84 19.0 1.62 18.0
SA0952D .8h 29.0 Data invalid beyond
T+55 sec
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These values show rms levels approximately 3C to 50 percent of those
experienced in the spacecraft 007 acoustic tests. (See ref. 17.)

The frequency composition of energy during transonic flight is
presented in spectral density plots (figs. 5.3-18 and 5.3-19). A com-
parison of the frequency distribubion of SM measurements indicated no
consistent trend as was indicated in boilerplate flights. Energy levels
were approximately 10 percent of the levels experienced in the SC-007
acoustic tests.

Figure 5.3%-20 is representative of shell vibrastion energy distri-
bution for the lift-off period end illustrates the significant differ-
ence in frequency distribution of energy when compared with the tran-
sonic condition of figure 5.3-19(b).

Interior vibrations: Four vibration measurements were made on the
interior structure of the SM at locations shown in figures 11.2-17 and
llc 2“'18.

Measurement SAOQOLD located on the inner flange of beam 5 at
station XS 275, R22, indicated a low response of the flange for the

first 40 seconds after lift-off. The time history plot (fig. 5.3-21)
shows that the maximum rms vibration of 117g occurred at T+h2.2 seconds.
This value decreased to 40g (rms) at the time of CM-SM separation. A
lag of approximately 5 seconds was indicated between the time of maxi-
mum fluctuating pressure and vibration levels on the exterior of the
SM and maximum response of beam 5 inner flange. Examination of the
data and instrumentation system indicates these values to be based on
valid data. The frequency composition of the vibratory energy during
transonic flight is shown in figure 5.3-22 and for a condition of high
response in figure 5.3%-23. During this period, an oscillograph record-
ing of the composite waveform shows maximum peak-to-peak values of
300g. The major period of the data, from T+40 seconds to separation,
gives peak-to-peak values of approximately 150g. These values, when
considering the low outer shell vibration levels, are extremely high.
Acoustic ground tests of SC-007 created vibration levels of the magni-
tude experienced in SC-002 flight and at the same location, but only
when the vibration levels on the SM shell were much higher than those
of the SC-002 SM shell (ref. 17). No explanation for this apparent
increase in transmissibility has been found. If additional acceler-
ometers had been included on the radial beam inner flange, providing
data for intermediate or associated conditioas, the abnormal behavior
associated with this measurement could possibly have been resolved.
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Measurement SA0995D, located on the aft bulkhead at station
X, 203, R62, was excited beyond its calibration range (150g) at lift-

off and during the transonic period (M = 0.8 to 1.0). TFigure 5.3%-24

is a time history of g(rms) for this measurement. These data were con-
sidered invalid after T+33 seconds for reasons explained in section 5.12.
This made it impossible to determine the level of maximum excitation.
Hence, the frequence spectrum could only be defined by selecting a time
sample during a period of valid data. TFigure 5.3-25 gives the acceler-
ation spectral density for SA0995D on the aft bulkhead at T+29 seconds
to T+31 seconds.

Time histories and lift-off and transonic spectral density plots
for measurements SA0996D and SAQ099TD, located on the forward bulkhead
and center of the hydrogen tank shelf, are shown in figures 5.3-26 to
5.3-29. Comparison of SA0996D and SA099TD data to vibration accelera-
tion spectral density levels established during acoustic tests on
5C-007 indicated that the flight levels are approximately 10 percent
of the acoustic test levels.

Reaction control subsystem vibrations: The SM RCS for SC-002 con-
sisted of one prototype gquad assembly (D) and three simulated guad
assemblies (fig. 5.3-30). Mass simulation of all RCS helium and pro-
pellant tanks was included. For a detailed description of the proto-
type RCS engine assembly, see reference 12 and the structural descrip-
tlon in section 5.2.2. The prototype RCS was instrumented with
accelerometers to measure vibration levels encountered by the engine
nozzles, the oxidizer tank support, and the RCS panel as shown in fig-
ures 11.2-19 and 5.3%-31. All accelerometers were ranged 1+500g, except
the tank support accelerometer which was ranged +75g. All measurements
had a frequency response of 10 to 400 cps.

An examination of the oscillograph record and the rms time history
of SA0953D shows the vibration level of the RCS panel to be within the
noise of the instrumentation system throughout the majority of the
launch phase. This indicates a small vibration input, generally less
than Tg rms, transmitted to the RCS engine housing and propellant tanks
from the panel.

An rms time history of RCS oxidizer tank support vibration is shown
in figure 5.3%-32. The maximum vibration occurs Just prior to transonic
conditions. TFigure 5.3%-33 shows the maximum energy during this time to
exist at approximately 45 cps. This tank support bracket had been modi-
fied structurally prior to flight because of the failure which occurred
dvring the SC-007 acoustic test.

Vibration levels of the four accelerometers mounted in the engine
nozzles were considersbly higher than the levels obtained on the

S
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simulated nozzles of BP-15 (ref. 12). A typical rms time history,
which shows vibration of the counterclockwise nozzle in the radial di-
rection, is illustrated by figure 5.3-34. An acceleration spectral
density plot for this measurement (SAO955D), figure 5.3-35, shows maxi-
mum nozzle vibratory energy existing at approximately 490 cps. At
present, the mode of vibration associated with this frequency is un-
known. Vibration records indicate that the structural integrity of the
nozzles was maintained throughout the flight.

Outer shell strains: The outer shell of the SM was instrumented
with strain gages SA0936S through SA0939S to measure bending and ex-
tensional strains in the axial and circumferential directions at
Xs 275, 252.75°. The gages were ranged for amplitudes of iTOOO;Lin./in.

with a frequency response cf O to 400 cps (ref. 18).

All data were of very low magnitude and within the noise of the
instrumentation system; therefore, no usable strain data were obtained
from the SM outer shell.

Radial beam web strains: Fourteen channels of instrumentation were
used to record the web strains on radial beams 2, U, and 5 continuously.
(See fig. 5.3-3%6 for location of the instrumented radial beams.) The
exact location of all the strain gages, and the frequency response and
range of the measurements, are shown in table 5.3-I. The purpose of
the strain measurements was to evaluate the dynamic response of the
webs to the launch acoustic environment, and also to compare the fluc-
tuating stresses from flight data with those from the ground tests of
50-007 (ref. 17). This was done to determine a measure of the resist-
ance of the radial beam webs to fatigue failure.

Adhesive-backed "damping" tape was installed on one side of the
web panels of radial beam 2. It was planned that the four strain gages
on the web panels of beam 2 would indicate the effectiveness of the
damping tape.in reducing the web dynamic response.

The magnitude of the fluctuating strains on the radial beam webs
indicated by Mission A-OO4 flight data was unexpectedly low. The
magnitude of the overall rms strain of a typical strain gage on a web
panel of radial beam 5, from lift-off until abort initiation, is shown
in figure 5.3-37. The maximum rms strain response of this particular
gage (SA0T28S) was only 120 #in. /in. This meximum response was indi-
cated at the time of 1ift-off and during transonic flight. Fig-
ure 5.3-37 also presents the rms of web panel strain response to the
acoustic environment of SC-007 ground tests which simulated the envi-
ronment of earlier boilerplate flights. There is no technical expla-
nation at this time for the large discrepancy between the two sets of
strain results.
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Because of the low response leveles that were recorded at all
14 strain-gage locations, it could not be determined whether the strain
levels on beam 2 were reduced or increased as a result of the applica~
tion of the damping tape.

5.3.4% Command module dynamics.-

Acousties: The SC-002 command module was instrumented with two
microphones to measure internal noise levels, measurements CKOO3L4Y and
CKO035Y. (For a discussion of the crew compartment internal noise
levels, see section 5.9.)

The one-third octave band sound level obtained from measurement
CKOO35Y at T+38 seconds was used to obtain an estimated CM external
acoustic environment based on the CM attenuation of SC-007. The one-
third octave band noise attenuation values, determined during SC-007
ground acoustic tests, were approximately 35 dB (ref 18). These at-
tenuation values were added to spacecraft 2 reduced flight data to
obtain the estimate of the exterior acoustic environment as indicated
in figure 5.3-38. The estimated external level for Mission A-OOL4 com-
pared with the measured value for Mission A-101 (BP-13) indicates that
the external acoustic level for Mission A-OO4 was considerably lower.
This could account for the unexpectedly low vibration response in the
CM and SM structures on Mission A-OOk. Additional study of the CM
acoustic attenuvation characteristics would be necessary to establish
confidence in this comparison.

Vibrations: The spacecraft 002 CM was instrumented with & total of
12 accelerometers located as shown in figure 11.2-5. ZEach measurement
was ranged +100g with a freguency response of 10 to 2500 cps and O to
600 cps, as given in table 11.2-I.

Magnitudes of all vibration levels measured were considerably
lower than had been anticipated. - Throughout the flight, acceleration
was less than 5g rms for all measurements with the exception of meas-
urement CAO0123D, located on the crew compartment heat shield at sta-
tion X, 33, which showed levels of 10g to bog rms (fig. 5.3-39). Peak-

to-peak values measured at this location, were 80g during the transonic
period and 200g at T+T0 seconds. These values were at the upper range
of the instrumentation system and are considered valid. All other
measurements were within the noise of the instrumentation system and

are belng reduced further for additional evaluation. TFigure 5.3%-39
gives the rms time history of measurement CA0123D. This plot shows an
increase in vibration level from the transonic period to T+70 seconds.
This trend is characteristic of all vibration measurements on the CM

For spectral density information on measurement CA0123D, see reference 1.

(“ﬂ,,}w’;r"

L
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TABLE 5.35-I.- LOCATIONS OF STRAIN GAGES ON WEBS OF SERVICE MODULE RADIAL BEAMS

Beam Strain gage . Gage Range, Frequency, :
no. designation Locstion direction uir. / in. cps Gege Type
2 SAOT21S x5268, Redial 25000 0 to %00 4
R7h. 12 membrane
2 SA0T228 XSBLLO.’j, Radial 45000 0 to 400
R74. 12 membrahe
2 SAQT23S X305, Radial 5000 0 to %00
R4 12 membrane
2 SA0T2h4S X218 Radial £000 0 to k0O -
i s am:ibrane = BLH FA-25-35-813
R7L.12 NTN 2.1.1.5.1
5 SAO0T258 xs3ho.5, Radial +5000 0 to 600
R74. 12 membrane
5 SAOT26S XS268, Radial 5000 0 to 600
R7k. 12 membrane
5 SA0T28S Xg305, Radial 25000 0 to LoO
R7h. 12 membrane
b4 SAOT2TS xssos, Ragial +5000 0O to 600
R7l¥- 51+ membrane
5 SA0865S X217, Axial 44000 0 to 600
R4 12 menbrane
5 SA08663 Xg21T, Radial 414000 0 to 600
R74. 12 membrane
5 SA0867S X217, 450 membrane 4000 0 t0 600 | oy FABR-50-35-515
RT4. 12 NTN 2.2.1.13.1
5 SA08683 X219, Axial 44000 0 to 600
R7k. 12 bending
5 SADB695 X5219, Radial 14000 0 to 600
Rk 12 bending
5 SA08703 X219, 450 pending 4000 0 to 600
R7k.12
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Figure 5,3-18.- CSM fairing acceleration spectral density during
transonic flight, Apollo Mission A-004,
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Figure 5,3-19.~ SM shell acceleration spectral density during
transonic flight, Apollo Mission A-004,
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Figure 5.3-20.- SM shell acceleration spectral density at lift-off,
Apollo Mission A~004,
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5.4 Boost Protective Cover

Description.- The boost protective cover (BPC) consisted of a
hard cover over the apex portion of the command module (CM), and a
soft cover made up of seven panels over the remainder of the conical
portion of the CM (see fig. 5.4-1). The boost protective cover was of
Block I configuration and construction except for the interface of the
hard cover to soft cover on six of the seven soft cover panels. The
interface on the panel containing the side access hatch did have the
Bloeck I interface structure. The cover was alsc modified to accom-
odate the installation of 36 pressure measurements, and 6 calorimeter
measurements. This instrumentation was mounted on the CM heat shield
through individual bosses, and mated to matching holes in the BPC so
that the transducer surfaces were flush with the BPC outer surface.
The basic installation was the same as that on BP-22 (ref. 4).

The hard cover over the CM apex was counstructed of ablative cork
bonded to a fiberglass honeycomb substructure. The soft panels were
laminated with a layer of teflon impregnated glass cloth, a second
covering of nylon fabric, and an outer layer of cork. An additional
panel over the hatch area was removable with all other panels installed.
Incorperated in this panel was a circular window coinciding with the
CM hatch window. Protuberances covering the CM-SM umbilical, scimitar
antennas, and CM venting systems were incorporated in the soft panels.
The BPC was fastened together with mechanical fasteners at all joints.

Instrumentation. - Four static pressure transducers were installed
to measure the pressure between the boost protective cover and CM heat
shield. One of the measurements was umder the hard cover and three
under the soft cover. (See section 11.2 for exact locations and range. )
These pressures in conjunction with the external conical surface pres-
sures were used to obtain the differential pressure across the cover.

In addition, six calorimeters were installed on the external surface
to measure heating rates throughout the mission.

Performance. - The essential function of the boost protective cover
is to protect the CM crew compartment heat shield and thermal control
coating from ablating, charring, or discoloring during launch. Tt
also serves to reduce the sooting on the CM windows and CM thermal
control coating following the firing of the tower-jettison motor. The
test objective for the boost protective cover on this flight was to
demonstrate its structural capability to withstand the launch environ-
ment. There is no requirement for the cover to remain intact follow-
ing an abort.

Based on tracking and onboard films, in addition to the pressure
data, the boost protective cover performed as planned. There was no
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evidence from these data of any breathing or flutter of the soft cover,
or any other structural problems occurring during launch and pitch-up.
The cover remained intact until after abort initiation when the soft
cover failed, as expected. Based on the pressure data and film cover-
age, the soft cover failure started during the first launch-escape
vehicle (LEV) tumble, approximetely 1.5 to 2 seconds after abort ini-
tiation. Recovery evidence indicated that the hard cover was removed
with the launch-escape subsystem (ILES) as planned.

Figure 5.4-2 shows typical pressure conditions for the SC-002
flight. As can be seen, the differential pressure across the cover in
the areas of instrumentation was in a direction to press the cover to
the CM surface.

Six calorimeters were located on the command module, flush with
the boost protective cover, to measure the heat flux resulting from
LES motor plume impingement during the mission abort. All six calo-

rimeters had ranges from O to 100 Btu/ft“/sec (see fig. 11.2-10 and
table 11.2-I). An examination of the flight data indicated that the
boost protective cover received considerable heat flux from the LES
motor plume, which expanded much more than on previous flights because
of the high-altitude abort conditions. FReference 1 (figs. CAR-145,
CAR-146, CAR-147) contains the measured heat flux on the boost protec-
tive cover. The following table shows the heat~flux maximums measured.

Calori@eter Maxirmuum heat flux
location
Y and Z X zirge, Btu/ fta/ sec
(=)
+Z 28 2 ok
+7 59 2 78
+Z 18 2 63
-7, 3L 3 0
-7 48 3 65
-Y 3l <1 35

®Pime after IES motor ignition
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The flight times showing high static pressures due to plume im-
pingement during the tumbling of the LEV after abort initiation (see
section 5.2) correlated with the measured heat flux impingement. The
period of heat flux impingement was less than 6 seconds over the entire
command module, which compares to the major thrusting period of IES
motor burn (see section 5.6).

Visual inspection of the CM after recovery showed it to be scorched
and covered with soot. However, the condition did not indicate any
problem for the heat protection subsystem for a power on tumbling
boundary abort.

The temperature measurements on the CM heat shield underneath the
boost protective cover Aid not indicate any change during the entire
flight, thus indicating that the simulated cork heat shield provided
adequate insulation (ref. 1, figs. CAT-189, CAT-190, CAT-191, and
CAT-192).
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5.5 Mechanical Subsystems

Summary. - Components of the mechanical subsystems flown on Mis-
sion A-OOL included the canard subsystem, the uprighting subsystem
canisters (with packed bags), the deployment mechanisms for the recovery
aids, the letching mechanisms for the side pressure and side ablative
hatches, and a modified latching mechanism for the astro-sextant door.
A1l components performed satisfactorily. The following paragraphs de-
scribe each component and its performence.

Canard subsysbem.~- Mission A-OO4 was the fourth mission to use the
canard subsystem. The subsystem consisted of two deployable asexrodynamic
surfaces located between the forward end cof the tower-jettison motor and
the Q-ball assenbly. A detailed description of the subsystem is pre-
sented in references 4 and 10.

The sequence of events of the canard subsystem was as planned and
compared favorably with the sequences of the previous flights. The ca-
nards functioned properly. The canard-deployment relays in the mission
sequencer closed approximately 11 seconds (T4+84.76 sec) after abort ini-
tiation, activating the cartridges in the pyrotechnic thruster. Post-
flight examination of the thruster revealed that both cartridges had
fired. Canard deployment started at T+84. 78 seconds, and the canards
reached the full-open position by T+84.99 seconds. (See fig. 5.5-1.)
The 0.21 second required for deployment wes well within the design limit.
Photographic coverage of the launch-escape subsystem showed that the
canards were open until earth impact (T+266 sec).

The strain-gage outputs from both actuator links were approximately
the same during canard deployment and are presented in figures 5.5-2 and
5.5=3. The time-history plots of these strain~gage outputs during ca-
nard deployment were as planned and as previously experienced (refs. 4
and 10. At the time of full canard deployment, dynamic pressurs was

134 1b/£t2 as compared with & meximum of 185 1b/ft° for Mission A-003,

and 175 lb/ft2 for Mission A-002. After full deployment, the load os-
cillated for 0.20 second at approximately 31 cps, which is esseatially
the natural frequency of the canards in the open position. A similar
inertial oscillation was also observed on the previous flights. During
the time that the launch-escape vehicle was tumbling, the link loads
varied very slowly between +1500 pounds and -1500 pounds until tower
jettison (figs. 5.5-4 and 5.5-5).

Uprighting subsystem canisters.- Two canisters were flown on 5C-002
to verify compatibility with the earth landing subsystem (ELS). They
were not scheduled to operate for this mission.
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The canisters contained the inflatable bags of the uprighting sub-
system. The double-bag canister was attached to the +Z side of gus-
set 1 on the CM upper deck, and the single-bag canister was attached to
the -Y side of gusset 2 (figs. 5.5-6 and 5.5-7).

Both canisters were inspected in place after the flight. There was
no evidence of contact with the ELS during parachute deployment. How-
ever, the deployable part of the double-bag canister shifted down (in
the X-axis direction) approximately three-eighths of an inch (fig. 5.5-7).
The canister was still latched satisfactorily and appeared to have
slipped at earth impact. '

Recovery aids deployment mechanisms.- The deployment mechanisms
for the postlanding recovery aids included those used with the two VHF
antennas, the flashing light, and the sea dye marker/swimmer umbilical.
Although the antennas and light were required to deploy, they were not
scheduled to function on Mission A-0Ok.

The deployment spring-operated mechanisms for the antennss and
flashing light were identical. When the main parachutes were deployed,
the pull on the lanyard attached to the parachube caused the sctivation
of the 8-second time-delay cutter device, which released the spring-
operated deployment mechanisms. The deployment springs used on SC-002
were not representative of the springs to be used on future flights.
Stronger springs are scheduled for all future spacecraft beginning with
3C-009. The antenna elements were nct actual flight hardware, but were
of nonrepresentative mabterials and were shorter in length. One VHF
antenna was located in the forward compartment on the inboard +7Z side
of gusset 1, while the other antenna was located on the inboard -Y side
of gusset 2 (figs. 5.5-6 and 5.5-7). The flashing light was located on
the inboard +Y side of gusset 4 (fig. 5.5-8).

Postflight inspection of the VHF antennas and flashing light con=-
firmed that all three systems erected as planned. The weak deployment
springs allowed some "play" in the mechanisms when erect and the antenna
elements (of nonrepresentative materials) were badly bent, as expected.
(See figs. 5.5-6 and 5.5-7.) BExamination of the mechanisms revealed no
apparent damage during the flight or at impact.

The sea dye marker/swimmer umbilical deployment mechanism consisted
of a rectangular canister which was spring-loaded on a deployment plat-
form located in the -Z bay of the CM upper deck (fig. 5.5-8). The can-
ister contained the swimmer inter-phone connection plug and a simu-
lated sea dye cake. The canister was not scheduled nor fitted for
deployment on Mission A-OO4k. There was no evidence of contact with ELS
components during the mission.

St
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Side ablative hatch latching mechanism. - The side ablative hatch
was located on the -Z side of the CM conlcal surface ouber structure.
The latching mechanism, mounted on the inner face of the hatch, could
be manually operated from either inside or cutside the CM as indicated
in figure 5.5-9. An ablative plug is normally inserted in the clearance
hole (for a T/l6-inch hex head male operatirg tool) which permits access
to the mechanism from the outside. TFor this mission the plug was omitted.
Manual rotation of the actuating shaft and handle caused rotation of the
roller latches which engage the ramp-type striker plates on the heat-
shield structure frame. An override spring retained the letches in
either the latched or unlatched condition. An auxiliary plunger with a
strike face located in the forward compartment, operating between the
heat-shield structure and inner structure, supplied an alternate means-
of externally releasing the hatches after landing.

The side sblative hatch latching mechanism performed satisfactorily
on this flight. The mechanism retained the hatech in place during flight
and was operable after landing. Preflight torque required to latch the
mechanism was 240 in.-1b; postlanding torgue required to unlatch <he
mechanism was 150 in.-1b. (Latch torque limit is specified as
260 in.-1b.) Visual examination of the mechanism indicated no damage.

Side pressure hatch latching mechanism.- The side pressure hatch
was located on the -7 side of the CM and relied on the inside cabin
pressure for the "hard" seal against the CM inner structure (fig. 5.5-10).
The latching mechanism, mounted on the outer face of the hatch, was used
to hold the hatch in place and to obtain the initial "soft" seal for the
cabin. The mechanism could be manuvally operated from either inside or
outside the CM by rotating a drive shaft which penetrated the hatch
through a hermetically sealed gear unit. A pinion gear on the ousput
side of the unit operated a drive bar by means of a rack. Parallel-
operating hook-type latches on the aft edge of the hatch were driven by
links attached to the drive bar (figs. 5.5-10 and 5.5-11). The hooks
were engaged by cam action with roller-type striker bars mounted on the
CM inner structure. After the hooks were engeged, the additional travel
of the hooks caused a limited "pull down" wedging action to produce ini-
tial sealing contact on the habtch O-ring sesling surfaces. Full sealing
of the hatch is dependent upon the pressure differential between cabin
pressure and ambient. The present sealed drive unit/pinion gear de-
sign was proven umsatisfactory during grounc. handling. A new design
will be incorporated on SC-011 and subsequent vehicles. The present
pinion is torque limited to 100 in.-1b before failure.

The side pressure hatch latching mechanism performed satisfactorily
for this mission although cabin pressure was not maintained. The hatch
remained latched satisfactorily during flighkt; however, intermal pres-
sure of the command module apparently leaked past the two hatch O-ring
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seals. Figure 5.5-12 shows the evidence of seal leaskage discovered
when the hatch was inspected during recovery operations. Impressions
frem the two O-rings could clearly be seen in the surface of the tape
located on the hatch -X and +Y edges. This tape had been applied to
all the hatch edges to eliminate preflight gaps between the hatch seal
surface and frame seal surface. Only intermittent impressions were
visible across the +X edge, and no seal impressions were visible along
most of the -Y edge. In addition, sooting was visible along most of
the -Y hatch edge and portions of the +X edge. These soot deposits were
inside the first O-ring and portions of the deposits were inside the
second O-ring.

The latching mechanism was torqued to 295 in.-1b at preflight hatch
installastion and required 120 in.-1b torque to unlatch at recovery.
(Lateh torque limit is specified as 100 in.-1b.) Visual examination of
the mechanism after recovery indicated no damage was incurred during
flight.

On final preflight installation, one tooth on the pinion was broken
off, but this did not prevent positive latching of the hatch. Two more
teeth were broken in recovery area operation.

Astro-sextant door mechanism.~ The astro-sextant door mechanism of
the command module is used to latch and to deploy the doors during
manned missions. For this mission, only the latches were used and they
were not required to be operable at any time during the flight. The two
latches held the doors in place during the flight.
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Figure 5.5-6.~ Uprighting system canisters and VHF recovery aids, Apollo Mission A-004,




5-111

NASA-5-66-3732 APR 15

e

e VHF antenna
deployment
mechanism

Uprighting system
double bag canister
> -

7,
f Uprighting system

single-bzg canister

%

Figure 5.5-7.~ Uprighting system canisters and recovery aids, Apollo Mission A-004,
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Figure 5.5-8.- Sea dye canister and flashing light recovery aids, Apollo Mission A-004.
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Unlatched position

Figure 5,5-11.- Unlatched side pressure hatch after recovery, Apollo Mission A-004,
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NASA-5-66-3752 APR 15

Figure 5.5-12.- Side pressure hatch postflight inspection, Apollo Mission A-004.



5-117

5.6 Launch-Escape Propulsion Subsystem

The launch-escape propulsion subsystem for Apollo Mission A-OO04
consisted of qualified launch-escape and pitch-control motors and a
conditionally qualified tower-jettison motor. The configuration and
instrumentation of the subsystem were the same as those used for Mis-
sion A-003 (ref. 4).

The launch-escape propulsion subsystem satisfactorily performed
its intended purpose for Mission A-00k. A1l instrumentation functioned
satisfactorily, and the performance of the launch-escape and pitch-
control motors when corrected for motor grain temperature was approxi-
mately as predicted. Thermocouple landline data indicated that the
temperature of both the launch-escape motor and the pitch-control motor
was 3545° F at the time of launch.

A summary of the individual motor performance is presented in
table 5.6-I. Figures 5.6-1 and 5.6-2 present the vacuum thrust time
histories for the launch-escape and pitch-control motors, respectively.
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5.7 Pyrotechnic Devices

There were five pyrotechnic devices on SC-002 being flight-tested
for the first time: +the recovery aids line cutter, the apex-ccver
thruster pressure cartridge, the CM-SM umbilical guillotine, the stand-
ard Apollo circuit interrupter, and the main parachute disconnect guil-
lotine. Four of these were Block I configuration. The type VI pressure
cartridge (apex-cover thruster) was an interim design.

The recovery aids line cutter was actually an additional epplica-
tion of the Block I reefing-line cutter configuration which performed
successfully on Mission PA-2 (ref. 11).

The main parachute disconnect guillotine was previously flown on
Mission A-003 as an inert device.

The apex-cover thruster cartridges were similar to those used on
Mission A-003 with the following modifications:

(a) The total pressure buildup was decreased by the addition of
an end closure welded in the base of the cartridge below the main charge
pellets.

(b) The curing cycle time for the pyrotechnic mix was increased
by an additional hour at 300° F for better control of the pressure rise
time.

The CM-SM umbilical guillotine used on Mission A-OO4 was the stand-
ard Block I configuration. The guillotine design provided redundant
opposing blades on each side of the umbilical. Tnitiation of the ex-
plosive train was provided by two Apollo standard detonators which fired
a mild detonator fuse (MDF) crossover manifold to all four blades. The
crossover manifold insured that at least one blade on each side of the
umbilical would fire. TFigures 5.7-1 and 5.7-2 illustrate the general
configuration of the guillotine.

Four electrical circuit interrupters were used on Mission A-00k4
to deadface electrical connections between the CM and SM just prior to
severance of the umbilical. Two 18-pin and two 104-pin connectors were
installed with dual Apollo sbandard initiators to provide positive elec-
trical isolation of hot electrical circuits for LES abort and normal
CM-SM separation. The electrical circuit interrupters used on Mis-
sion A-004 were of the Block I configuration. Figure 5.7-3 shows a
cutaway drawing of a typical circuit interrupter.
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The main parachute disconnect consisted of two
propelled guillotines. (See fig. 5.8-3.) One guillotine was provided
for each of the two parachute harness legs. The cartridge utilized was
the type 200 pressure cartridge (ME 453.-0005-0232).

pressure-cartridge-~

Of the other pyrotechnic devices which had been flight-tested
previously, 211 were Block I configuration except the type VI pressure
cartridge (apex-cover jettison). The Block I pressure cartridge,
type VI, will be flown on SC-009.

The pyrotechnic devices and the functions performed on Mission A-00k
are listed in table 5.7-I.

A1l pyrotechnic devices used on Mission A-O0% functioned sabisfac-
torily and in proper sequence. Visusl inspection of the recovered pyro-
technic devices (all were recovered except the CM-SM umbilical guillo-
tine) verified that each device had been totally expended. Inspection
of the cleanly severed umbilical on the commend module indicated that
the guillotine functioned properly. All separation systems severed
cleanly and in proper sequence.



TABLFE. 5. 7-T.- PYROTECHNIC DEVICES FOR MISSION A-00k (8C-002)
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Device Initiator
. Explosive component Namber X N
Function and part number required Tot Serial Lot Serial
number number
Launch-escape motor Igniter cartridge, type I 2 AJJT 0017 AFH 0029
ignition (ME 453-0014-0001) AJT 0005 AFH 0007
Pitch-control motor Igniter cartridge, type I 2 AJJ 0013 AFH 0021
ignition (ME 1453-.0014-0091) AJT 0012 AFH 0018
Tower-Jjettison motor | Igniter cartridge, type IT 2 ARW 0035 ANX 00ko
ignition (ME 1453-0014-0092) ARW 003k ANX 002k
Tower separation Explosive bolt assembly Y APB 0009 AKHN 0ko5
(ME 111-001-0026) AKN oLkl
AFB 0005 ATH o0k7
ATH Q034
APB 0011 AKN 0296
AKN 0423
APB 0012 AKN 0ok15
AKT 0409
Drogue parachute Pressure cartridge, type 1 L AJN 0025 ACU 0315
deployment (ME L453-0005-0081) AJN 0026 ACU 0211
AJN 00458 ACU 0053
AN 0002 ACU 0054
Pilot parachute Pressure cartridge, type II 6 AJP 0015 ACU 0156
deployment (ME L153.0005-0082) ATP 0079 ACU 0135
AJP 0049 ACU 0132
AJP 0018 ACU 0001
AJP 0059 ACU 0117
AJP 0052 ACU 0121
Apex cover jettison Pressure cartridge, type VI 2 ACU 0109 AFJ 0ho8
(ME 45%-0005-0056) ACU oogh AFJ oh12
Drogue parachute Linear shaped charge cartridge 2 oT 0050 - -
disconnect (V16-576260-61) 10T 0011 - -
(V16-576260-T1)
Detonator cartridge assembly 2 ACY 0266 ACS 0261
(ME 453-0021-0005) ACV 0126 ACE 029k
Canard deployment Pressure cartridge 2 AAB 0005 AFT 0503
(V15-590220-41) AAB 0007 | ARJ | 0029
Main parachute Pressure cartridge, type 200 2 ALL 008k AGG 0097
disconnect (ME 453-0005-0232) ALL 0088 | AFvV 0161
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TABLE 5.7-I1.- PYROTECHNIC DEVICES FOR MISSION A-00k (SC-002) - Continued

Device Initiator
. Explosive component: Number A .
Function and part nurber required Lot Serial ot Serial
nunmber number
CM-SM separation Linear shaped charges 6 | LOT 1 1234 - -
system tension (v17-5900L49) CLOT 1 1235 - -
tie cutters 0T 1 12k0 - -
| IOT 1 1ok - -
PLor 1| 1236 - -
i 10T 1 1237 - -
Detonator cartridge 6 | ACX 0153 ADV 0h63
(VB 453-0021-0005) ©ACK 0056 ADV 0322
ACK 0057 ADV 0321
. ACX 00%9 ADV 0172
| Acx 020k |aDV | 0397
! ACK 0159 ADV 0268
CM~SM separation !
system
Umbilical Detonator cartridge 2 ACX 0203 ADV 0335
guilloctine (ME 45%-0021-0005) ACY 0143 ACS 0321
Electrical Type I - 104 pine 2 - - AKP 0168
circuit (ME %5%-0010-0001) - - ARD 0082
interrupter - - AKP 0123
- - AKP 0205
Type II - 18 pins 2 - - AKP 021k
(M 453-0010-0003) - - AKP 0157
- - AKP 010k
- - AXP | 0131
Recovery aids
Flashing light Line cutter 2 AAY 0715 - -
(ME 901-0001-0024) AAF 0667 - -
Longeron no. 1 Line cutter 2 AAF 0666 - -
antenna release (ME 901-0001-0024) AAF 0631 - -
Longeron no. 2 Line cubter 2 AAF 0608 - -
antenna release {ME -901-0001-0024) AAF 0618 - -
Disreef drogue Reefing line cutter 8 AAF 0583 #q -, -
parachutes {(W7-58414-8) AAF 0538 - -
AAF 0639 - -
AAF 0640 - -
AAF ¢ 0662 #Y - -
AAF 0675 - -
AAF 0680 - -
AAF 076k - -




TABLE 5.7-1.- PYROTECHNIC DEVICES FOR MISSION A-004 (SC-002) - Concluded

5-125

Device Initiator
Explosive component Number . .
Function and part number required Lot Serial Lot Serial
nurber humber

Disreefl main Reefing line cutter 18 AAC 0330 +Y | - -
parachutes (Wv-58L4-8) AAC 0323 - -
AAC 0326 - -

RAC 0324 - -

AAC 0264 - -

AAC 0265 - -

AAC 0328 +Z1 = -

AAC 0308 - -

AAC 0309 - -

AAC 0279 - -

AAC 0288 - -

AAC 0271 - -

AAC 0%318 -Y| - -

AAC 028k - -

AAC 0285 - -

AAC 0322 - -

AAC 033k - -

AAC 0335 - -
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Figure 5.7-3,- Apollo electrical circuit interrupter,
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5.8 Earth Landing and Impact Attenuation

5.8.1 Farth landing subsysbem.- Of the major components and assem-
blies of the earth landing subsystem (ELS), the main parachute harness
with attach fittings, the sequencer controller, and the drogue parachute
subsystem disconnect were Block I configurstion and had been successfully
flight-tested previously on Mission A-003 (ref. 4). The main parachute
disconnect was Block I and had been flown previously'(Mission A-003) as
an inactive component. The main parachute disconnect inertial switch
was Block I configuration and was being flight-tested for the first time.
The drogue parachubte subsystem, pilot parachute subsystem, and the main
parachute subsystem were very near the Block I configuration.

Drogue parachute subsystem: The Mission A-00L drogue perachute sub-
system (fig. 5.8-1) differed from Block I (ref. 2) and from that previ-
ously flown on Mission PA-2 (ref. 11) as follows:

Reefing line cutter |Cutter lanyard Lanyard knot
A-00k C-6200-8 650 1b Two half hitches
PA-2 B-6110-8 250 1b Two half hitches
Block I C-6200-8 650 1b Chinese finger

Pilot parachute subsystem: The Mission A-~O04 pilot parachute sub-
system was the same as that previously flown on Mission PA-2 (ref. 11)
and differed from Block I (ref. 2) in that the metal 1id/foam retainer
was not Block I. (See fig. 5.8-2.)

Main parachute subsystem: The Mission A-OO4 main parachute sub-
system differed from Block I (ref. 2) and from that previously flown on
Mission PA-2 (ref. 11) as follows:

Re?;:;ion Deployment bag
A-00L Nylon Hard pack
PA-2 Nylon Loose pack
Block T Nomex ] Hard pack
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Main parachute harness disconnect: The Mission A-OO4 disconnect
(fig. 5.8-3), a Block I configuration flown active for the first time,
is discussed in section 5.7 of this report.

Main parachute disconnect inertial switch: The Mission A-O0k in-
ertial switch (see section 5.7) was & 3g to 5g water-landing Block I
configuration. :

ELS performance: Flight data and postflight inspection indicate
that all components of the ELS functioned properly and effected the
safe recovery of the command module.

As planned for the Mission A-OOL abort mode, an electrical arming
signal from the mission sequencer applied logic power (at T+87.7 sec)
to the earth landing subsystem sequence controller (ELSSC) 3.0 seconds
after canard deployment. Closure of the ELSSC high-altitude baroswitches
initiated tower jettison at an altitude of 25 055 feet m.s.l.
(T+193.8 sec). Simultaneous with closure of the high-altitude baro-
switches the O.l4-second apex-cover jettison delay timer of the mission
sequencer and the EILSSC 2.0-second drogue mortar fire delay timer were
started. Apex-cover jettison was initiated at T+194.2 seconds (0.k-sec
time delay) at an altitude of 22 860 feet m.s.l.

Drogue mortar fire was initiated at T+195.8 seconds (2.0-sec time
delay) at an altitude of 22 065 feet m.s.l. Drogue disconnect and pilot
mortar fire were initiated by closure of the ELSSC low-altitude baro-
switches at an altitude of 10 480 feet m.s.l. (T+237.6 sec). A nominal
descent to landing followed (rate of descent was 27.1 ft/sec at a pres-
sure altitude of 5000 ft), with the CM coming to rest in an upright
position after the initial rocking action which followed touchdown.

Main parachute disconnect was initiated at touchdown by the ELS impact
inertial switch.

Both the high-altitude and low-altitude baroswitches operated with-
in the barometric pressure altitude ranges specified. Reefing-line
cutters fired and cutter lanyards were undamaged. Both main parachute
harness legs were cleanly cut (fig. 5.8-4) although the postflight in-
spection showed that the cutter blade on leg no. 2 was broken
(fig. 5.8-5).

The ELS event times (table 5.8-I) were obtained from onboard tape
recorder H. The m.s.l. altitudes corresponding to the event times were
obtained from the WSMR radar tracking plots. Cloud cover in the recov-
ery ares obscured optical and visual reference to ELS performance until
after main parachute full inflation.

Lo
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Postflight examination of the ELS and CM upper deck structure
showed that there was no contact of the drogue parachute steel cable
risers with the airlock 1ip, indicating that the CM was stabilized in
a favorable heat-shield-forward attitude at the time of drogue parachute
deployment, Minimal contact of the main parachute harness legs wilh the
drogue mortar cans and no evidence of undue abrasion between the main
parachute deployment bags, uprighting system canisters, longerons, or
airlock, indicated a favorable main heat-shield-forward attitude at the
time of main parachute deployment. The absence of apparent cortact be-
tween the ELS components and the CM upper deck structure was an indica-
tion of sa?isfactory sequential deployment of the ELS. (See figs. 5.8-6
to 5.8-10.

Although postflight examination indicated no contact between the
apex cover and ELS components, the indication of reddish scuff marks
(fig. 5.8-6) on the -7 pitch motor panel of the simulated CM RCS corre-
lates with the red RTV sealant used on the apex cover around the RCS
cutout.

A 2-inch split was found in the +Z main parachute fibergless re-
tention strip (fig. 5.8-11). No evidence of scrapes, impact, or abra-
sion on the strip or surrounding structure was observed. Prelaunch
photographs do not show this split.

5.8.2 Impact atbenuation subsystem.- The purpose of the impact
attenuation subsystem on SC-002 was to provide support and impact
attenuation for the equipment platform installed in place of the crew
couches on this unmanned earth-impact mission. This was the first
flight test for the impact attenuation components, and they were not
instrumented. However, stroke measurements were made before and after
flight. Additional measurements and analysis by the contractor at
Downey, Californisa, were not complete at the time of publication of
this report.

The impact attenuation system consisted of four crushable honey-
comb ribs mounted in a 120° sector of the +Z section of the CM, and
eight impact struts. (See fig. 5.8-12.) The X-X and 7-Z strut stroking
loads were developed by the combination of a frictional device and the
crushing of aluminum honeycomb. These struts could stroke in either
tension or compression. The Y-Y strut loads were developed by the
crushing of aluminum honeyconb alone and operated only in compression.

The struts and ribs used in SC-002 were similar to the Block I
type but were modified for higher load values for earth impact since
the equipment on the platform was capable of withstanding greater ac-
celerations than those acceptable for man. In addition, the X-X struts
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were left in the high-load locked condition throughout the flight. The
lockout provision on manned missions prevents undesirable stroking dur-
ing selected periods.

Figure 5.8-13(a) to (d) illustrates the predicted load stroke
curves for Mission A-OO4. After an initial stroke of either the X-X or
Z-Z struts, in either tension or compression, the return load is supplied
only by the friction device until honeycomb core is again encountered.
This process can continue until the availasble honeycomb core is entirely
crushed and, therefore, the frictional load alone is predictable. The
initial high load indicated is due to the lockout feature. As shown in
the figure, the Y-Y struts use only honeycomb crushing and operate only
in compression.

Although the impact attenuation subsystem was not instrumented,
strut action can be evaluated on the basis of field measurements of
stroking (see table 5.8-II). Strokes were measured in the field to
an accuracy of approximately 41/16th inch.-

Impact loads information was not available from flight data. How-
ever, loads on the X-X struts did not reach the level required to break
out the lockout device, and only limited stroking of the Z-Z and Y-Y
struts was indicated. Field inspection indicated that no stroking of
the crushable ribs occurred.
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TARLE 5.8-I.- EARTH LANDING SUBSYSTEM EVENTS FOR MISSTON A-00k

: . 1ifte Dynamic
Tvent Time from lift-off, sec pressure,
Planned A B 1b/sq £t
Abort initiation (reference) 78.65 3.7 T3. 7
Canard deployment (reference) 89.65 8k.9 8Lk.8
ELS sequencer A start, 92,65 87.9 87.9
relays A and B
ELS sequencer B start, 92.65 87.8 87.8
relays A and B
Tower jettison (reference) 189.0 193.8 19%.8
Baroswitech lock-in, relay 189.0 193.8 193.8
close A and B
CM apex cover jettison 189. 4 94,2 1%6.0
(reference)
Drogue parachute deployment, 195.9 195.8 146.0
relay close A and B
Drogue parachute deployment 195.8 No data | No data
shear wire
Drogue parachutes 1 and 2 No data | No data
line stretch
Drogue parachutes 1 and 2 No data | No data |
disreef !
Drogue parachute release — 237.6 237.6 237.6 k3.0
pilot mortar fire,
relay A and B
Main parachutes off deck No data
Main parachutes disreef No data E
Main parachutes full open No data
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TABLE 5.8-II.- APOLLO MISSION A-004%

FIELD MEASUREMENTS OF IMPACT STRUT STROKES

Strut and Length before, Length after, Stroke,
location in. in. in.
X-X head
+Y side 362 362 0
-Y side 36% 56% 0
X=X foot
+Y gide 315 513’ 1 compression
16 6 | 8
¥ s 3 1| L enes |
Y side 518 312 g tension )
Z-Z struts g
R 5 1 .
+Y gide 585 38§ g compression
. 1 1 .
-Y gide 38E 39% l§ tension
Y-Y struts
+Y side No datse Measured gap % compression
-Y side No data Measured gap % compression

Note: Measurement tolerance approximately i%é in.
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Drogue mortar
cover

Foamed riser

Steel cable
riser

Drogue pack
assembly

Drogue mortar
sabot assembly

Drogue mortar
flange

Drogue mortar
can

Drogue mortar
breech

Drogue mortar
cartridges

Figure 5.8-1,- Drogue parachute subsystem (Block ), Apollo Mission A-004.
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Foam ring and metal
cover assembly

Fabric riser

Pilot parachute
pack assembly

Pilot mortar sabot
assembly

Pilot mortar
breech

Pilot mortar
tube assembly

I Pilot mortar
cartridges

Figure 5.8-2.- Pilot parachute subsystem (Block I) except for metal cover,
Apollo Mission A-004,
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¢ > \ Vehicle harness
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Figure 5.8-3.- Vehicle harness attach fitting and vehicle harness disconnect,
Apollo Mission A-004.
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o

g Drogue mortar no. 1

Figure 5.8-6.~ Parachute (~Z) quadrant showing drogue mortar no. 1,
Apollo Mission A-004,
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[

Drogue mortar no. 2
3 23

/4
f=

Figure 5.8-7.- Parachute (~Z) quadrant showing drogue mortar no, 2,
Apollo Mission A-004,
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R cprompme e
W Lo

Figure 5.8-9.- Main parachute (+2) quadrant, Apollo Mission A-004.
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e Main parachute -
ention flaps

Figure 5,8-10.- Main parachute (-Y) quadrant,

Apollo Mission A-004,
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+X

\ N -z
Simulated fuel, water, \ 4
and oxidizer tanks S
e " N
<&
;’;5 Aft inner
é# sidewall
5
l$
5/
&,
&
&
/8
#)
/'\599
&
A
'\\‘6“6 \__
,‘ Main heat shield

S
‘\ | -X
Crushable ribs

(a) External configuration.

Figure 5.8-12.- Command module attenuation subsystem,
Apollo Mission A-004,
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r— Bearing plate
Y-Y strut

Hatch
X-X head struts

'—- Z~Z struts

Eqm pment
/\ platform

Y=Y strut
Bearlng plate

(b) Internal configuration.

Figure 5.8-12.~ Concluded.
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B 0 '
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L
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£
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o
-6159 - ~e{ Core and friction
_ i i ]
7000—5 -1 5. 16
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(a) X-X foot strut,
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4410 - et !
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= |
|
o Nominal friction alone !
—; 814 = r - |
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L. values to be expected under
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| ! |
6000_5 ) 5 16.5
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(b)Y X-X head strut.
Figure 5.8-13.~ Impact attenuation struts, Apollo Mission A-004 predicted {oad-stroke curves.
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Figure 5,8~13.- Corcluded,
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5.9 Crew Station Acoustics

Description.- A third-order objective for Mission A-OO4 was to ob-
tain acoustic data at a crewman's sbtation. The environment of interest
was the noise generated aerodynamically during the region of maximum
dynamic pressure and the noise during abort. From the available wind-
tunnel date (ref. 19) collected on the Apollo spacecraft configuration,
a maximum overall sound pressure level (SPL) of 168 decibels (dB, re:

0. 0002 dyne/cm?) had been predicted on the CM-SM interface for a nominal
Saturn trajectory. Sound pressure levels of 167 dB and 169 3B were
measured at the CM-8M interface of the instrumented boilerplate space-
craft on Missions A-O00Ll and A-002 (refs. 20 and 10).

Two microphones were mounted in the crew compartment on the equip-
ment platform in SC-002. (See fig. 5.9-1.) The measurement CKOO34Y
microphone, located at XC5O.O, Y -0.5, Z -18.0, had an SPL range of

110 to 150 dB, and the measurement CKO035Y microphone, located at
XC5O.O, Y 0.5, z -18.0, had a range of 100 to 140 dB. The microphones

sensed the crew station noise and vibration, but a compensating accel-
erometer, operating in opposition to the microphone, removed the vibra-
tion component; therefore, only the noise was recorded. Preflight
calibrations showed that the microphones and their terminal equipment
were linear with SPL and had a flat frequency response (41 dB) from

20 to 5 kc/sec. Both measurements were recorded on the wide-band FM
tape recorder. A more complete description of the acoustic instrumenta-~
tion system can be found in reference 21.

Performance. - Acoustic data at the crew station were obtained and
the results are presented in figures 5.9-2 to 5.9-4. The recorded data
were reduced in an analog format using a rms meter, octave band ana-
lyzer, and X-Y plotter. The data, consisting of overall SPL and one-
third octave band SPL time histories, were reduced from data from micro-
phone CKOO35Y only because microphone CKOO34Y failed at T+U4B8 seconds.

Up to that time, the instruments were giving the same readings.

Figure 5.9-2 shows the overall SPL time history of crew station
acoustics for the period from T-10 to T+90 seconds. After launch ve-
hicle engine ignition, the noise reaching the crew compartment increased
to a maximum level of 117 dB at T™0.6 seconds. As the vehicle acceler-
ated, the SPL in the crew compartment decreased and became insignificant
at approximately T4 seconds. At T+23.2 seconds, the aerodynamic noise
became predominant in the crew compartment and continued to increase
until T+38.8 seconds (Mach number of 1). The noise remained intense
throughout the high dynamic pressure region until abort. At T+73.5 sec~-
onds, the acoustic measurement saturated for 0.5 second; the data are
difficult to interpret from T+T4 seconds to T+78 seconds because the
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intensity and frequency are changing rapidly. The maximum SPL during
this 4-second period was 132 dB, which was recorded at T+76.5 seconds.
Levels as low as 96 dB were also recorded during this U seconds. At
T+88 seconds, the noise levels at the crew station fell below the in-
strumentation range and were not significant during the remainder of
the flight.

One-third octave band time histories were used to calculabe spec-
trum levels (SPL per cycle) for discrete flight times. Figure 5.9-3
shows the noise spectrum at & Mach number of 1 (T+38.8 sec), maximum
dynamic pressure (T+41.5 sec), and just prior to abort (T+73.3 sec).
These data, collected at the crew station, indicate that a flat spectrum
was recorded and that the acoustic energy was concentrated at frequencies
below 500 cps. Figure 5.9-4 shows the noise spectrum during abort at
4743, T+75.6, T4+76.6, and T+78.8 seconds. Criteria values based on
the high q abort design (ref. 22) have been included in figure 5.9-k4
for comparison.



5-152

*£00-Y UOISSI ojjody ‘U01IEIS MO Byl e

wojyejd Juawdinba uo

shuunow suoydodolpy -~ 1-6"G anbi4

ST ddV 0P8E-99~S-VSVN



5-153

00~V uoissiyy ojjody

‘AGCO0MD S513SN0IR UOIIRIS MBJD §O A40IS1Y Buw) A3} 2SS punos jjeIeng -*g-6"G ambl4

238 ‘Bl | .
0¥ 0T~

i

00T

Y

* >
g N

01T

0ct

: i

; 13

o
131
(el

(Zwo/sauﬂp 2000°0 :9¥)4gp ‘@inssasd puno§

ovt

ST ¥dV $28€-99-S-VSVN




5.1 54

NASA-S-66-3836 APR 15

120 ¥ e T~ - -1 —T- -
~ CT+38.8 || || == = T E] IF] T
& FET+H41.5 | T I| | F | |ZF| |3
o Preter —— D —
o - T I . T T 0 -
2 b | = T+73.3 | T - I I =T -
% 110 p=t= o T - 1 - — =
N : —— e —t— g i —t —
T T T I I T -
= - T T T T I T |=
o = s vl N s sl A e sl I s ol I s ol A sl ) e
= - o T T T | | -
& 100 [ g -~ = -+ -1 -
o - T I T T - 7
- - - ) A1 A\.‘: 1T T 1 .
- - —t N/ (r_ L — . —
o C T A - I I Z
2 0 — T i1 N - T ]
g - R HE= ;t e \NESNESRE
2 - i/ L ARES C s T 7]
0 = . . - o A N — -
Ll (_ PR - | P B —_— ]
5. — st :F—K .F—'— .\ LR V. : - -
o — T r2 Y T T4 o0 -
s —rm e : —— —p—— . —— o
g 80 T I A R T - T -
E —-—' ——— e—— — _: B S :

= — —r— —— —— o — -
D s —r—— e B R sl . e -
- —

5 wl
D — . -t —_ —f — —) —
Q - —t J — P —t I —_
) I 4 — - e - —t —
—tt B —— e aned s bi— —
70

Overall 20 50 100 200 500 1000 2000
Frequency, ¢ps

Figure 5.9-3.- Spectrum sound pressure levels (SPL per cycle) for
CKO035Y at T+38.8 (Mach 1), T+41.5 (max q), and T+73.3
(prior to abort) for Apollo Mission A-004,
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CKOO035Y at T+74.3, 75.6, 76.6, and 78.8 sec during abort
for Apollo Mission A-004.
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5.10 Seguential Subsystem

Description.~ The sequential subsystem installed on SC-002 included
a mission seguencer, a separation sequencer, a tower sequencer, an im-
pact switch box, an abort backup timer, and an ELS sequence controller.
(see fig. 5.10-1.) Functions performed by the first three sequencers
mentioned are those that will be performed by the master events sequence
controller on future Block I spacecraft.

The mission sequencer, tower sequencer, abort backup timer, and im-
pact switch box were R and D units identical to those used on Mig-
sion A-003 (BP-22, ref. 4) with the following exceptions:

(a) Both the BP~-22 and SC-002 mission sequencers included circuits
to initiate CM-SM umbilical deadfacing and separation, but because SC-002
used a Block I CM-SM umbilical for the first time the separation se-
quencer was added to SC-002 to delay umbilical separation until 0.4 sec-
ond after deadfacing. Since BP-22 4id not use a Block I CM-SM umbilical,
the output wiring harness for the umbilical deadfacing and separation
circuits was not installed in BP-22.

(v) The BP-22 impact switch box included fuses that simulated the
pyrotechnics used to disconnect the main parachutes. Live pyrotechnics
were used on SC-002.

The Block I earth landing subsystem sequence controller (ELSSC)
consisted of two independent redundant units and was identical to the
Block I controller successfully tested on BP-22. A pyrotechnic veri-
fication box was installed in the CM of 3C-002 to permit verification
of the pyrotechnic circuits prior to launch. Spacecraft 002 was the
first spacecraft to have this box installed.

Performance. - The sequential subsystem operated properly during
the flight and all time-delay relays operated within acceptable time
limits. Event times are listed in figure 2.0-2. Figure 5.10-2 shows
the fuses which were blown during the pyrotechnic bus voltage excursions
discussed in section 5.11.
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Figure 5.10-1.- Relation of events controlled by sequential subsystem, Apollo Mission A-004,
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5.11 Electrical Power Subsystem

Description.~- The electrical power subsystem (EPC) provided power
for the instrumentation and communications subsystem, the sequential
subsystem, and pyrotechnic loads as shown in figure 5.11-l. The EPS
included six silver-zinc batteries: +two main batteries, two logic
batteries, and two pyro batteries. All batteries were successfully
flight-tested on Apollo Mission A-003 and are described in reference L.
The two pyro batteries were Block I configuration.

Electrical power for the two camera systems was provided by two
camera batteries MAR 4090-11A; each battery included an additional
13-volt tap for camera operation.

Performance. - The electrical power subsystem operated properly
during the flight. There were no sbnormal variations in either current
or voltage of instrumentation buses A and B; those slight variations
noted reflected the verying instrumentation loads. The lowest instru-
mentation bus voltage recorded was 27.9 volts on bus B, which was re-
corded at T+200 seconds and was accompanied by a 3-ampere transient
increase in total instrumentation current. This time coincides approxi-
mately with the malfunction of the onboard tape recorder discussed in
section 5.12. Records of total instrumentation direct current and
voltages from main buses A and B for the flight are shown in fig-
ure 5.11-2.

The variations during flight of logic buses A and B voltages are
shown in figure 5.11-3. The normal decrease in voltage from abort ini-
tiation until impact was caused by the increasing sequencer logic load
during this period. Bus voltage remained within the range expected.

Variations in pyro buses A and B voltages during flight are shown
in figure 5.11-4., With the exception of the two excursions discussed
in the following paragraphs, variations were within the normal range.
Other than these excursions the lowest voltage recorded was 30.1 volts,
which occurred at T™+193.8 seconds (tower jettison).

A major decrease in bus voltage occurred simultaneously on both
pyro buses at T+73.7 seconds (abort initiation). Bus A dropped to
5.0 volts and bus B dropped to 7.5 volts. However, both recovered with-
in 1 second. This decrease in voltage indicated an extremely low re-
sistance short in the pyro ignition circuit which was immediately re-
moved as fuses ¥. and F, in the mission sequencer blew. A plot of
bus A voltage during this incident is shown in figure 5.11-5, and fuse
locations are shown in figure 5.10-2. Postflight bench testing of the
command module associated circuitry and simulations with groups of ini-
tiators of the same type have indicated no apparent fault in the CM
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circuitry and associated components. It is possible that the magnitude
of either the firing current or pin-to-case leakage current during fir-
ing could be sufficient to cause this effect when fuses are used in the
circuit in lieu of fusistors with their current-limiting ability. Fur-
ther examination has shown that conditions exist on the spacecraft which
could account for the shorting conditions. An example of this is ini-
tiator wires which were frayed back 2 to 3 inches from the end by ex-
plosion and wind whipping in several initiator locations. It should be
noted that the shorting conditions do not constitute a failure of either
the power or sequencer systems since the fuses were installed in antic-
ipation of shorts of this nature occurring in the pyro subsystem. These
fuses functioned properly.

The second major drop in pyro bus B voltage occurred at T+2357.6 sec-
onds (pilot parachute deployment) when pyro bus B dropped to 30.1 volts.
Recovery occurred in approximately 5 seconds with data indications that
a fusistor in the earth landing subsystem sequence controller (ELSSC)
removed the heavy load. An expanded plot of bus voltage during this
incident is shown in figure 5.11-6. Fusistor locations are shown in
Tigure 5.10-2. Postflight testing by the contractor revealed that all
fusistors are still functional which leaves the anomaly unexplained.

Camera battery performance is indicated in section 5.12.

S
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Figure 5.11-5.~ Pyro bus A voltage, Apollo Mission A-004,
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5.12 Spacecraft Instrumentation and Communication Subsystem

Summary.- Pertinent data were obtained from 237 of the total 2L2
onboard measurements. Failure of the single operational-type scimitar
antenna following abort caused a loss of both radio-frequency telemetry
links at T+74.7 seconds. However, data transmitted by these links were
recorded on the onboard tape recorders, as planned, such that signifi-
cant information was recovered for the mission evaluation.

Description.~ The SC-002 instrumentation and communication subsys-
tem was a standard PAM/FM/FM system similar to that flown on the previ-
ous bollerplate flights, but it employed upgraded components qualified
to higher environmental levels. The subsystem consisted of two
15-channel PAM/FM/FM telemetry links, signal conditioners, and trans-
ducers to measure and monitor vehicle performance. Two lh-track onboard
tape recorders provided additional facilities for recording high-
frequency data, as well as providing back-up recording of the telemetered
data. Figures 5.12-1 to 5.12-3 are block diagrams illustrating the
telemetry systems, ¥ tape recording system, and H tape recording system,
respectively. A complete description of the instrumentation and communi-
cation subsystem is contained in reference 21.

Performance.- Loss of telemetry signals occurred at T+Thk.7 seconds
because of the failure of the single scimitar antenna (the second anten-
na was non-functional) at the time of the abort maneuver. Visual in-
spection of the antenna after command module recovery revealed a crack
around the fairing of the antenna base, indicating that the antenna had
been struck with a significant force. (See fig. 5.12-4.) Soot in the
crack established that the impact occurred during the period of launch-
escape motor burning. This was the first flight test for the opera-
tional scimitar antenna.

Postflight field inspection of the antenna cabling revealed that
the coaxial conductor, which was permanently attached to the antenna,
was loose and could be moved in and out of the antenna approximately
1/16 inch. In-line watt meter checks gave a normal reading of 1/2 watt
reflected power and 10 watts forward power with the cable pushed in.
With the cable moved out, the reflected power increased to 6 watts, in-
dicating a failure of the internal connection. Subsequent examination
of the antenna and lead wire at the contractor's facility at Downey,
California, indicated that the antenna lead wire had parted at the base
plate/éxterior epoxy interface because of motion at the interface after
bond failure.

The T tape recorder jamed at T+209.5 seconds, between the time
of drogue parachute deployment and main parachute deployment. This
difficulty had also been encountered during preflight checkout of the
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spacecraft. Approximately 12 feet of tape was unwound on the take-up
side of the recorder, indicating that movement of the take~up reel had
been restricted. A postflight functional check confirmed normal re-
corder operation and that no component failure had occurred. Playback
of the 50 ke tape recorder compensation data, which is a measure of
tape speed variation, indicated that both recorders were severely
stressed from T+76 to T+77 seconds. In addition, there was evidence
thet the take-up reel momentarily stopped at T+190 seconds and then
recovered, causing a distinct variation in tape speed.

Service module RCS engine nozzle vibration measurement (SAOS56D)
and sector VI vibration measurement (SA0952D) malfunctioned at T+38 sec-
onds and T+56 seconds, respectively. Oscillograph playbacks indicate
that the data are valid up to time of malfuaction. The instrumentation
for these measurements were not recovered for failure analysis; however,
the abrupt change in the data at these times and the character of the
succeeding data indicated failures of the coaxial cable between the
accelerometer and amplifier.

Command module strain measurements CALA01S and CA1603S8, located
on longeron 2, exhibited an intermittent condition for varying periods
prior to and during abort. After T+80 seconds the measurements re-
sponded normally. Postflight investigetions revealed no malfunction or
intermittent condition in either the amplifier or cabling.

Service module aft bulkhead vibration measurement SAC99SD had in-
dications of noise at lift-off and for 4 seconds at T+34 seconds. Data
between these times were valid. Since the instrumentation was not re-
covered, no failure analysis on the specific units could be performed.
Iaboratory tests simulating failures which would produce similar re-
sults indicated that a broken accelerometer connector could be the
cause.

Command. module acoustic measurement CKOO3LY, located on the crew
couch platform at Xb50.0, Y 0.5, Z -18.0, responded normslly until

T+48 seconds. It was erratic from T+48 seconds until sbort where it
again responded normally. DPostflight analysis of this acoustic meas-
urement system revealed no component or equipment malfunction. Also,
the flight recorder was evaluated in conjunction with the acoustic
measurement system. No malfunction or intermittent condition of the
flight recorder was observed. The most prooable cause is a loose
connection.

The two C-band transponders used on the command module to aid in
tracking were interrogated satisfactorily by three FPS-16 raders dur-
ing flight. Satisfactory return signals were received from both trans-
ponders.
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Two 16-mm motion picture cameras were installed on SC-002 with
photographic coverage as illustrated in figure 5.12-5. The tower
camera operated at 64 frames per second and ran from lift-off through
launch-escape tower jettison. The command module camers, which viewed
the left-hand rendezvous window for sooting, operated at 16 frames per
second, covering the period from T+70 seconds to approximately T+2L40 sec-
onds. Both cameras operated as programmed. The tower camera provided
good coversge throughout the powered phase. As in previous flights,
coverage was limited after launch-escape-motor burning because of lens
socting from motor exhaust. Soft boost protective cover separation in
the first tumbling revolution allowed sooting of the rendezvous window
from the burning LES motors but useful data were obtained from the
command module film.
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TM™M A composite
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Figure 5,12-1,- Telemetry subsystem biock diagram, Apolioc Mission A-004,
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Figure 5.12-3.- Onboard fape recorder H biock diagram, Apollo Mission A-004.



5-1Th

NASA-S-66-3866 APR 15

Figure 5.12-4.- Scimitar antenna damage, Apollo Mission A-004.
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Camera field :
of view e—— N

Figure 5.12-5,- Tower and CM camera installation, Apollo Mission A-004,
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5.13 Environmental Control Subsystem Cabin Pressure Relief Valve

Description.- The partial environmental control subsystem (ECS)
installed on SC-002 consisted of a modified cabin pressure relief valwve
and steam duct. The remsinder of the ECS, including CM pressure regu-
lation and cooling equipment, was not included in SC-002.

The cabin pressure relief valve provides positive pressure relief
of the cabin during spacecraft ascent and negative pressure relief dur-
ing descent. Specification requirements for positive pressure relief are
6(+0.2, -0.4) psid and 0.3%6 to 0.90 psid for negative pressure relief.

The S5C-002 valve was similar to the qualification test unit except
for the manual controls and locking position, which were not installed
on the valve in SC-002. A section of teleflex cable was utilized to
lock the valve in the normal, or automatic, position in lieu of the
menual controls. The relief valve was mounted on the steam duct in the
left-hand eguipment bay. The steam duct penetrated both the inner pres-
sure wall and outer moldline of the heat shield. Two pressure sensing
lines, attached to the ambient sensing ports on the valve, penetrated
the pressure wall and sensed ambient pressure in the unpressurized area,
providing an ambient reference pressure for the valve diaphragms.

Flight performance.- Postflight analysis of the -3C-002 flight data
and subsequent postflight tests conducted at the contractor's facilities
at Downey, California, indicate that CM interior pressure control was
not achieved during Mission A-OO4 due to an excessive CM leakage rate.
Figure 5.13-1 indicates that the CM interior pressure began to decrease
immediately after 1ift-off and continued to decrease until a minimum
pressure of 0.86 psia was attained at T+147.5 seconds into the flight.
The predicted minimum CM interior pressure of 5.53 psia and predicted
CM interior pressure profile (fig. 5.13-2), based upon negligible CM
leakage and a nornally operating cabin pressure relief valve, were not
attained due to the excessive CM leak rate.

The cabin pressure relief valve did not actuate during ascent
since the valve requires a differential pressure of 5.6 to 6.2 psid,
sensed between the aft compartment and cabin, to provide pressure
relief of the cabin. The maximum differential pressure obtained be-
tween the aft compartment and cabin was 2.45 psid, which was insuffi-
cent to cause valve operation.

Figure 5.13-2 indicates that the cabin pressure relief valve oper-
ased during spacecraft descent, since the differential pressure between
the cabin and ambient pressures remained within the valve specification
range of 0.3%6 to 0.90 psid. However, a quantitative estimate for the
degree of valve operation relative to the CM leakage is undetermined.
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Pogtflight testing.- Postflight testing was conducted on the ECS
cabin pressure relief valve at the contractor and subcontractor facil-
ities, respectively, to check the positive end negative relief pres-
sures, and to learn whether the valve was sticking in the open position.
Prior to checking the relief pressure, contractor personnel verified
that the valve was closed by applying a vacuun of 29.2 in. Hg to the
ECS steam duct. A vacuum level of this magnitude could not be obtained
if the valve were in the open position.

Positive pressure was applied to the steam duct to test for aega-
tive pressure relief. Negative pressure relief occurred at 0.60 psig
differential pressure. Insufficient checkout equipment at the contrac-
tor facility prevented completion of the positive pressure relief tests,
so the valve was removed from SC-002 and delivered to the subcontractor
for completion of the tests.

The valve was installed in an altitude chamber for launch profile
testing. Results of the three launch profile tests indicated that
positive pressure relief occurred at differential pressures of 6.1, 6.1,
and 6.2 psig, respectively, denoting satisfactory performance of the
valve.

Before removal of the cabin pressure relief valve from SC-002, a
cabin leak test was performed by the contractor. Test results indicated
that the major portion of cabin leakage occurred at the inner hateh —
inner structure interface seal. During the testing, it was demonstrated
that the inner hatch could be improperly installed, preventing the ef-
fective sealing of the hatch. The lack of an effective imner hatch seal
would result in premature loss of cabin pressure.

Results of the postflight testing of the cabin pressure relief
valve and cabin leakage indicated that the valve would have operated
satisfactorily during Mission A-O04 if the cabin leakage rate past the
inner hateh had been reduced to an acceptable level prior to flight.
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(senses aft compartment
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Manual control cable
{locked in automatic
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‘_-: o inlet port
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Figure 5.13-1,- ECS cabin pressure relief valve, Apolioc Mission A-004.
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5.1% Crew Windows

Description.~ The command module (CM) window subsystem installed
on the command module was Block I configuration except the antiglare and
reflective coatings were omitted from the glass surfaces.

The CM window subsystem consisted of one hatch window, two side
windows, and two rendezvous windows (see fig. 5.14-1). The hatch win-
dow was approximately 12 inches square and was located in the -Z axis.
The side windows were approximately 7 by 10 inches and were located
symmetrically 59° from the -Z axis. The rendezvous windows were lo-
cated symmetrically 32° from the -7 axis and were approximately 6 by 12
inches and set approximately 3%32° from the Y-Z plane.

The three panels in each side and rendezvous window used in this
flight were installed as follows: +two panels, each 0.20 inch thick,
were installed with a 0.175-inch air space between them in the pressure
cabin structure; the third panel, 0.70 inch thick, was installed in the
heat shield structure, approximately 1 inch from the inner panels. The
glass for the inner panels was aluminosilicate (Corning code 1723); the
glass for the outer panel was amorphous fused silica (Corning code 7940
(optical grade quartz)). None of the panels were coated.

A 16-mm cemers was installed at the eye level point of the planned
position for the commend pilot behind the left-side rendezvous window
and was directed approximately normal to the window surface. The camera
subsystem was independent of the spacecraft subsystem, and was powered
by a camera battery.

Performance.~- A timer was started by en inertial switch at lift-off
which in turn started the camera gt T™+TO seconds. The film speed was
16 frames per second and operated for approximately 170 seconds (from
T+70 to T+240 sec). In frame 44 (T+72.8 sec) the penel of the soft
boost protective cover is seen to disappear for a clear view through
the window.

In frame 53 (T+73.3 sec) two soot spots are seen in the center of
the window, and in frame 60 (T+73.8 sec) light deposits are seen to
form in the corners of the panel. The deposits continued to build up
throughout the abort sequence. This deposit resulted in a translucent
condition around the window and covered spproximately 20 percent of the
window area. (See figs. 5.1%-2 and 5.14-3,)

The visibility through the remaining 80 percent of the window
changed only slightly during the time period from frame 60 to frame 259
(T+86 sec), at which time two large and six smaller black soot spots ap-
peared scattered throughout the center portion of the window. Cloud for-
mations and the horizon were still readily discernible, indicating ac-
ceptable window visibility.

g
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A vapor trail was easily detected through the window approximately
42 seconds after abort (T+116 sec). Stabilization as a result of canard
deployment was noticeable by the decrease in oscillation rate of the
shadow from the edge of the window across the viewing field.

Tower-jettison-motor ignition was observed as an orange flare, and
the visibility through the window deteriorated rapidly with defirition
of exterior image activity ceasing after a momentary glimpse of drogue
parachute movement at approximately T+196 seconds. Camera coverege ended
before the command module emerged below the cloud cover.

Postflight inspection showed that all windows were covered with a
layer of gray material which was considerably darker around the edges of
the window than in the center area. The preliminary examination of the
window indicated that the high loss of visibility through the windows
would make it extremely difficult, if not impossible, for the crew to
detect horizon or ground landmarks. The white light transmission loss
through the window was greater than 85 percent.

After the windows were removed, they were subjected to a spectral
transmission test, and emission and infrared analysis of the gray deposit
at Atomic's International, Canoga Park, California. The results of the
emission analysis of the gray deposits are listed in table 5.14-I. The
results of the infrared analysis are not available at the time of publi-
cation of this report.

In sumary, it appears that the removal of the boost protective
cover did not affect the visibility through the command pilot rendezvous
window during launch-escape-motor burn although some soot appeared,
mainly during tail off. The greatest visibility loss did not appear un-
til time of tower Jjettison. From the time of tower jettison until com-
mand module landing the window visibility loss increased to the extent
that postflight subjective visual tests indicated that no difference
could be seen between the horizon line and ground landmarks.

The spectral transmission was performed at two locations on the
left-hand rendezvous window. Point 1 was the lighter center area of the
window. Point 2 was the very dark area at the left-hand corner edge
where sooting from the LES started after soft boost protective cover
break-up. The readings were taken normal to the glass surface.

The spectral transmission through point 1 of the left rendezvous
window was 10 to 60 percent in the infrared (9000 to 16 000 angstroms)
and 2 to 20 percent in the visual (4000 to T0OO angstroms). The trans-
missions through point 2 was 1 to 10 percent for infrared and less than
1 percent for the visual. The results of the emission spectrographs are
shown in table 5.1u4-I.
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Figure 5.14-1.- Command module after landing showing general
condition of windows, Apollo Mission A-004.



5-18L

P00~V UoissiW ofjody ‘buipue| Jsye smopuim fupioop pue snoazepuad ybid pue ya - z-pr°g a4nbig

U SNOAZAPUAS |J&"
mopum Bupyaop pue snoazspual Jybiy , , s%Ea Buryaop n p A# 1

ST 4dVY €/8€-99-S-YSYN



5-185

V0D~V UOISSIA ojjody ‘BuIpuE| Jaye SMOpUIM Ma4d JubLi pue Y - 'E-FT "¢ a4nbig

MOPUIM M8.12 b1y

MOPUIM MO Y3 |

ST YdV 088¢~99-S-YS YN



6.0 LAUNCH VEHICLE PERFORMANCE

6.1 Propulsion

Description.- The propulsion subsysten. for the Little Joe II launch
vehicle consisted of four Algol 1D Mod I and five Recruit TE-29 rocket
motors. The five Recruit motors and two of the Algols (positions 2 and
5) were used as flrst-stage propulsion, and the remaining two Algols
(positions 1 and 4) acted as second-stage propulsion. The motors were
bolted to the six peripheral rings and one center retaining ring in the
thrust bulkhead of the vehicle afterbody, and the Algol motors were
laterally supported by the bulkhead at vehicle station 34.75. Fig-
ure %.2-1 shows the location of the motors. A detailed description of
the Algol and Recruit motors is presented in reference 10.

The propulsion flight instrumentation consisted of one chamber pres-
sure measurement for each Algol motor. = Data from the pressure trans-
ducers were sampled 20 times per second. All instrumentation functioned
satisfactorily until abort. Recruit motors were not instrumented.

Landline instrumentation indicated that the Algol motor tempera-
tures were approximately TO° F at time of launch.

Performance. - Examination of the chamber pressure data indicated
that the general performance of all Algol motors was satisfactory. De-
viation of the specific performance of the individual motors from the
predicted performance based on average thrust for a respective period
of time is as follows:

Motor position Operatizg tine, Thru;:rgzziation,
1 38 -1.0
2 b 0
b 38 -0.3
2 b1 +0.5

The flight thrust time histories are rresented in figures 6.1-1 to
6.1-k,

Postflight examination.- The motors remained attached to the vehi-
cle until ground impact. They were not returned to the assenmbly area
and no detailed inspection was made.
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6.2 Ieunch Vehicle Pyrotechnic Devices

Description. - The launch vehicle pyrotechnic devices consisted of
initiators and motor igniters for ignition of the Algol and Recruit
motors, and the range safety subsystem pyrotechnies. All devices were
the same type as used on earlier Apcllo ~ Little Joe II flights. For
a detailed description of the launch wvehicle pyrotechnic devices, see
reference 10.

The Algol motor initiators were Holex AGC, part no. 360871, lot
no. 332602, and the Recruit motor initiators were Space Ordnance Sys-
tems, 801-266-6, lot mo. 25. Lot no. 25 initiators have been used for
the Recruit motors throughout this program. The initiator serial num-~
bers were as follows:

Algol mobor 1 . . . . . . . . . Serial nos. 513 and 529
Algol motor 2 « + + + + « . . . Serial nos. 5% and 501
Algol motor 4+ . . . . . . . . . Serial nos. 512 and 549
Algol motor 5. . . . . . . . . Serial nos. 509 and 530
Recruit motor 3 . . . . . . . . Serial nos. 12053 and 121kl
Recruit motor 6 . . . . . . . . Serial nos. 12066 and 12092
Recruit motor 7. .« « . . . . . Serial nos. 12074k and 12080
Recruit motor 8 . . . . . . . . Serial nos. 12332 and 12052
Recruit motor 9 . . . . . . . . Serial nos. 12302 and 12064

Performance.~ All initiators and igniters functioned properly.
One bridge of each initiator of the first-stage motors was expended by
system no. 1 before the redundant second system was activated. Initi-
ator bridges in the Algol motors were expended within 3 milliseconds,
and those in the Recruit motors within 1 millisecond. The initiators
were not removed for postflight inspection.

The range safety subsystem was armed at lift-off, but was not re-

guired to function because of the nominal flight of the launch vehicle.

ke
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6.3 Attitude Control Subsystem

Description. - The attitude control subsystem (fig. 6.3-1) for the
Mission A-OOF launch vehicle was identical to the one used on Mission
A-003 (ref. 1) with the following exceptions:

(a) The radio-frequency commend pitch-up capability was included
since there was a requirement for a pitch-up maneuver on this flight.
The pitch command signal was equivalent to a vehicle attitude error of
29.5° with a time constant of 0.52 second.

(b) The pitch-down signal commanded by the pitch programmer was
set at 1 deg/sec to be initiated at T+20 second.

(c) The reaction control subsystem was deleted because there was
no requirement for this system on this flight.

(d) The autopilot gains for aerodynamic control set at time of
launch were as fTollows:

Attitude, Rate,
control surface deflection/ control surface deflection/
vehicle angular displacement, vehicle angular rate,
deg/deg deg/deg/sec
Pitch 1.5 1.5
Yaw 1.5 1.5
Roll 0.4 0.2

Performance. - The attitude control subsystem performed satisfac-
torily throughout the flight, including the critical phases of lift-off,
staging (initiation of the second pair of Algol engines), and pitch-up.
The vehicle was lawnched at an initial pitch attitude of 84°, and at
™21 seconds the pitch programmer was initiated, which caused the ve=-
hicle to pitch over at the planned rate of approximately 1'deg/sec
throughout the remainder of the flight (figs. 6.3-2 and 6.3-3). At
Lift-off, normal ignition transients caused outpubs from the pitch and
roll rate gyros of 11.8 deg/sec (peak-to-peak) and 4.8 deg/sec (peak-
to-peak), respectively, at 20 cps; however, the duration was less than
0.5 second. The disturbance in the yaw axis was negligible.

Staging occurred at T+36.k4 seconds and had no noticeable effect
on the control system as shown by the rate gyro outputs (figs. €.3-3
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and 6.3-4). Pitch-up was initiated at T+70.8 seconds and the body ele-
vation angle was increased from 36° to approximately 54° as planned.
(fig. 6.3-2.) '

As expected, the largest attitude errors occurred shortly after
1lift-off (from T+4 to T+10 sec); however, these errors were rapidly
reduced to a small value and remsined small throughout the remsinder
of the flight. Figure 6.%-5 shows that the vehicle started to roll
in a positive direction at lift-off (counterclockwise looking aft), and
resched a maximum excursion of approximately 3° at T+4 seconds; how-
ever, the vehicle had fully recovered at T+1lO seconds. At T+3 seconds
the vehicle began to pitch up (fig. 6.3-6) and reached a maximum ex-
cursion of approximately 3° at T+9 seconds; however, this error had
been eliminated by T+13 seconds. At T+l4 seconds the vehicle began to
yaw in a positive direction (to the left, looking aft) and reached a
maximm value of approximately 2.5° at ™9 seconds. By T+15 seconds
this attitude error had been eliminated (fig. 6.3-5).

The steady-state error (approximately'lP) in the yaw and roll axes
during much of the flight was not abnormal and was probably caused by
thrust misalignments or winds, or both. In the pitch axis, a steady-
state error of approximately 2° is normal as the vehicle lags behind
the commanded attitude. This effect has been verified by simulation
studies.

During pitch-up, the vehicle rolled approximately 5° (fig. 6.3-5)
because the control system gains were not perfectly balanced, which is
a normal situation for the system. Figure 6.3-7 shows that elevons 1

and 4 are displaced approximately 20° counterclockwise, and figure 6.3-8

shows that elevons 2 and 3 are displaced approximately 19° clockwise.
The net difference is in a direction to cause positive roll of the ve-
hicle. The roll attitude was corrected before abort.

Performance of the hydraulic system was correct in all aspects
throughout the flight. Figure 6.3-9 shows hydraulic pressure plotted
against time until abort of the payload. Approximately 175 cu in. of
hydraulic fluid were used by each fin out of approximately 710 cu in.
available for each fin.

Figure 6.3-10 shows that launch vehicle system power (28 V dec) was
normal throughout the flight.

i
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6.4 Iaunch Vehicle Aerodynamics

The variation of power-on drag with Mach number of the Little Joe
I1 launch vehicle is a function of altitude, thrust level, number of
each type of motor, and the base arrangement. Since no power-on wind-
tunnel drag data were available, the preflight drag estimate for the
Tistle Joe II launch vehicle model 12-51-3 was based on drag data from
previous flights of Little Joe IT and other launch vehicles which had
various combinations of the sbove-mentioned factors that affect the
drag. The estimated maximum and minimum power-on drag coefficients
shown in figure 6.4-1 were used in preflight performance predictions.
Figure 6.4-1 also includes the actual drag coefficients computed from
the longitudinal high-range accelerometer data (ref. 1, fig. CAA), the
flight weight (fig. 3.3-T), flight thrust (figs. 6.1-1 to 6.1-L4), and
the flight dynamic pressure. As indicated in figure 6.4-1, flight drag
values were within the estimated drag envelope during the launch ex-
cept for the period of overlap of stage 1 and stage 2 motor burning
(Mach numbers from 0.8 to 1.1).

The launch vehicle was controlled and was statically stable from
1ift-off to abort. The vehicle had a positive static margin of
0.055 body diameter (diam. = 154 in.) at lift-off and 0.2 diameter at
abort. Performence of the control system is discussed in section 6.3.
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6.5 Launch Vehicle Structures

The Little Joe II launch vehicle was a fin-stabilized airframe,
and was structurally the same as the launch vehicle described in refer-
ence 4. The airframe consisted of the vehicle body and four fins.
Hydraulically operated aerodynamic control elevons were attached to the
trailing edges of the fixed portion of the fins. The body consisted of
a forebody and an afterbody section of semimonocoque construction fabri-
cated from truncated-form corrugated aluminum sheets stabilized by ring
frames. Fach Tin was of a monospar structure with the skin stabilized
by ribs and chordwise stiffeners. The elevons of essentially the same
construction were attached to the trailing edge of each fin by four
hinges. For a detailed description, see reference 6.

The only structurally oriented instrumentation were accelerometers
mounted on the forward and aft bulkheads and oriented to measure the
Y and Z components of acceleration. These accelerometers were ranged
primarily to detect possible excitation of body bending modes. Data
from these accelerometers, together with the linear accelerometer data
from the spacecraft and LES, show amplitudes of the first body bending
mode at lift-off that were small enough that the resulting body bending
moments were small.

Based on these data and engineering films of the flight, the
Iittle Joe II launch vehicle proved structurally adequate and performed
the required mission with no problems. The films also show that the
launch vehicle remained essentially intact until earth impact.

Ry
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6.6 Ieunch Vehicle Electrical Power Subsystem

Description.~ The launch vehicle electrical power subsystem con-
sisted of two independent power sources: (1) instrumentation power,
.and (2) vehicle power for autopilot functions. Except for the incorpo-
ration of a separate control for each of the two sources when operating
from external power, the subsystem was identical to that on LJ IT de-
scribed in reference k.

Performance. - Telemetry data indicate that the electrical subsys-
tem performance was satisfactory throughout the mission.



6-21 b

6.7 Iaunch Vehicle Instrumentation Subsystem

Description.- The launch vehicle instrumentation subsystem was
similar to that used on Mission A-002 (ref. 10) and consisted of a
single PAMfFMfFM telemetry link, signal conditioners, and transducers.
The performence of the launch vehicle subsystems was monitored during
flight by 39 telemetered measurements. During preflight checkout
through 1lift-off, the launch vehicle performance was monitored by
33 landline nmeasurements.

A block diagram of the instrumentation subsystem is shown in fig-
ure 6.7-1, and the landline measurements are shown in figure 6.7-2.
The measurement list and the transducer locations are included in sec-
tion 11.2 of this report. For a detailed description of the launch
vehicle instrumentation subsystem, refer to section 3.0 of reference 20.

Performance. - Telemetry reception and recording were of good qual-
ity. All 39 measurements functioned properly and acceptable telemetry
signals were obtained from lift-off until termination of launch vehicle
telemetry transmission at T+73.7 seconds, following abort initiation.

At approximately T+30 seconds and continuing throughout the dura-
tion of the launch-vehicle flight, a baseline drift was observed in the
PAM output of the 90 by 10 commutator. Reference and data pulses did
not drift; thus all commutated data were recovered with no loss in
accuracy.

The performance of the landline instrumentation was satisfactory.
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Figure 6.7-1.- Launch-vehicle instrumentation subsystem, Apollo Mission A-004.
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Figure 6,7-2.~- Launch-vehicle landline instrumentation block diagram,
Apollo Mission A-004,
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6.8 Radio-Frequency Command Subsystem

The radio-frequency (RF) command subsystem, shown in figure 6.8-1,
consisted of two independent, identical, redundant circuits to initiate
the pitch-up and abort sequence from a coded ground transmission. The
subsystem was essentially the same as that employed on vehicle 12-51-1
(Mission A-002); however, it did not include integral back-up timers
end the =bort hot-line was not wrapped around the range safety subsys-
tem primacord. An additional "abort only" commend function was in-
cluded for use in the event the pitch-up maneuver was not desired be-
cause of flight conditions.

The RF commend subsystem performed the pitch-up and abort funections
as intended. At T+70.81 seconds, the pitch-up command was received,
initiating the pitch-up maneuver. This signal also started the opera-
tion of a 2.8-second time-delay relay which actuated at T+T73.7 seconds,
initiating the abort sequence. Telemetry data verified that both cir-
cuits operated at these times.
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Figure 6.8-1.~ launch~vehicle RF command subsystem block diagram, Apollo Mission A-004,
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6.9 Range Safety Subsystem

The range safety subsystem (fig. 6.9-1) provided the means for
terminating launch vehicle thrust by splitting the Algol motor cases
with pyrotechnics in the event of a range safety requirement. The sys-
tem was controlled by the WSMR Range Safety Officer and could be actua-~
ted by ground station transmission of a coded radio-frequency command.
Other then controlling the thrust termination of four, rather than six,
Algol motors the subsystem was essentially the same as that emplcyed on
vehicle 12-51-2 (Mission A-003).

Range safety action during the flight was not required. Recovery
of both safe and arm blocks after the flight indicated that the units
were properly armed at 1ift-off.
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Figure 6.9-1.- Range safety subsystem, Apollo Mission A-004,
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6.10 Launch Vehicle Ignition

The launch vehicle first-stage and second-stage ignition systems

for Mission A-OOk ifig. 6.10-1(a) and (b)) were similar to those used
for Mission A-003 (see ref. 4, section 6.9).

Ignition of both stages was satisfactory (at T-0 and T+36.k4 sec).
The visicorder record in the power building indicated that first-stage
ignition was initiated by timer 1 at 8:17:00.625 a.m. m.s.t. Fixed-
camers, coverage of first-stage ignition indicated no apprecisble vari-
ation in Reeruit motor burn-outs and no apparent hang-fires.

Timer 1 led timer 2 by 0.5 second, indicating that the ignition
of the second-stage Algol motors was initiated by timer 1. This was
the first two-stage ignition on a Little Joe IT flight, and the first
successful ignition of Algol motors for a second stage.
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(a) First stage ignition system.

Figure 6,10-1.- Apoilo Mission A-004 launch-vehicle ignition subsystem,
Typical for each motor,



NASA-S-66-3666 APR 15

6-33

Control
console
— i it Blockhouse
Lga‘zé'r‘;” anition | 1 vehicle Vehicle | | lgnition jgrition
s | power power imer attery
no. no. no. 2 no, 2
Arm relay - Fire relay Fire relay (=~ Arm relay
SJB-5
checkout and
final arming
L e ]

System|System
no. 1 ino. 2
1

A-C | D-F

Algol initiator

two per motor

(b} Second stage ignition system.

Figure 6.10-1.~ Concluded.



7.0 RECOVERY OFERATIONS

Recovery teams for the command module (CM) and the launch-escape
subsystem (LES) were prestationed at radar tracking site NE30, whereas
the recovery team for the launch vehicle (LV) was at site SE30. (See
fig. 7.0-1 for a map of the area.) The ground teams first observed the
CM at approximately 9500 £t m.s.l. descending through an overcast sky
on all three main parachutes. Descent was steady with very little side-
ward motion and with the CM in normal descent attitude. Main parachute
disconnect was observed at the instant the CM first contacted the ground.
Immediately following disconnect, the CM was seen to rock back and forth
to a meximum engle of approximately 60° from vertical before coming to
rest in an upright position.

The drogue parachutes touched down gpproximately 3000 feet north-
east of the CM. There was no damage to the drogue parachutes, no fray-
ing of cables, and no evidence of riser cable kinking.

The apex cover was observed falling 2000 feet east of the CM. - The
cover was in excellent condition and there were neither cracks nor chips
from impact. '
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Figure 7.0-1. - Location of recovered components, Apolle Mission A-004.




7.1 Command Module
On~-scene inspection of the CM revealed the following:
(a) Almost the entire CM conical surface was discolored and sooted.

(b) The three main parachutes were at full suspension-line length,
one toward the north, one toward the south, and one toward the southeast.

(¢) The main heat shield was shifted approximately l/h inch toward
the -7 axis. A 4-foot-long piece of the cork ablator was broken off the
+7 axis (approximate location of first contact with the ground). The
underlying stainless steel structure was also damaged (fig. 7.1-1). Two
fine~line cracks were observed, each 1 foot long and epproximately 2 feet
from the outer edge. One crack was between the -Y and +Z axes, and the
other bebtween -Z and +Y axes.

(a4) All windows were covered with soot, reducing light transmis-
sion to approximately 20 to 30 percent of normal (fig. 5.14-1).

(e) The -7 axis scimitar antenna was shifted toward the -Y axis
and soot was found in the crack marks at the base (fig. 5.12-L).

(f) The outer hatch (side ablative hatch) was not sprung and re-
guired a 150-1b torque wrench pressure to release. (see section 5.5.)
Sooting had penetrated to the inner door through the hatch release
socket hole. The inuner door (side pressure hatch) was in good coadition
and required a 120-1b torque wrench pressure to release. (see sez-
tion 5.5.) A tooth of the inner door sprocket was broken off during
removal. Another tooth was broken off while the inner door was being
replaced for transport back to the Vehicle Assembly Building (VAB).

(g) The platform inside the CM was swinging free with approximately
3/k inch of sideward (Y-Y) movement. Pins were replaced, as planned, to
secure the platform for transport back to VAB. Jtrut stroke measure-
ments made in the recovery area are presented in section 5.8.

(h) Pressure ports were clean except for a small amount of potting
compound on the external surface. The inside of the ports was blackened
with soot.

(i) The CM-SM umbilical was cut cleanly by the guillotine.

(3) The flashing light was deployed, but not to the full vertical
position. Preflight adjustment of the stop screw, made necessary be-
cause of the weak deployment springs, restricted the extent of full de-
ployment. (See secticn 5.5.)
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(k) The VHF antennas were deployed, but not to the vertical posi-
tion. Preflight adjustment of the stop screw, made necessary because
of weak deployment springs, had restricted the extention. . The VHF an~
tenna at the ~Y axis was cracked half-way through at the base and was
bent toward the center of the CM. The other VHF antenna (all copper)
at the +Z axis was bent but was not cracked. Potting at the base of
either antenna was not cracked. These antennas are not representative
of actual flight hardware. (See section 5.5.) ‘

(1) Red apex cover silicon sealant strains were noticed on the CM
atove the hatch door.

(m) Main parachute disconnects were severed cleanly. One cutter
blade was broken. The cutter left heavy grooves on the pins. (See
fig. 5.8-11.)

(n) A1l tower separation bolts were fired, leaving edges clean.
The expander body bolt protectors which cover the sharp edges of the
sheared bolts were removed and replaced by bolts to accommodate the
3-point cable-lifting sling.

(o) The canister holding the uprighting bag on the +Z side was
jarred downward 3/8 inch (see section 5.5).

(p) Drogue cans were clean and indicated no damage during deploy-
ment. One drogue can was slightly bent during pick-up by the recovery
lcop (fig. 7.1-2). Figure 5.5-8 shows the drogue can before the CM was
lifted by the recovery loop.

(q) Drogue disconnects were cut cleanly. One connector of a
drogue disconnect (C—20 S5QT7 P-1) was broken due to the initiator charge.

(r) All apex cover thrusters were deployed satisfactorily.

(s) None of the three pilot parachute cans were damaged. (see
figs. 5.8-8. to 5.8-10.)

(t) The CM was first lifted by the recovery loop but, because of
the 30° tilt angle (fig. 7.1-2), could not be aligned properly for load-
ing on the MM-1 terracruiser. Therefore, the alternate 3-point sling
was used (fig. 7.1-3). The CM was loaded on the terracruiser and de-
parted for the VAB by T+k4 hours.
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7.2 TLaunch-Escape Subsystem

The launch~escape subsystem (1Es) fell in a nearly horizontal
position and broke upon impact which was observed by the ground re-
covery crev stationed at NE30. Impact was approximately 3500 feet
west of the CM landing point (fig. 7.2-1).

Following are observations of the recovery team:

(a) The LES camera was found in place but the protective covering
was knocked loose during impact.

(b) The launch-escape motor, tower-jettison motor, and pitch-
control motor were completely expended. There was no evidence of hot
spots on any of the remaining intact parts.

(¢c) The aft section of the launch-escape motor and the phenolic
exit cones were sheared off on impact (fig. 7.2-1). All four nozzles
contained their graphite throat inserts when recovered.

(4) The tower-jettison motor showed no abnormal erosion marks.

(e) The pitch-control motor remained with the canard section and
was in good condition.

(£f) The canard actuation system contained residual gas pressure
in both cylinders. This gas pressure was released and shorting plugs
were installed in the initiators as a precaubtionary measure.

(é) The Q-ball external structure was in one piece, whereas the
internal parts were scatbered.

(n) The tower was broken upon impact.
(1) Each of the four explosive bolts indicated a clean break.

(j) The tower structure, camera case, and hard boost protective
cover exterior surfaces were discolored and sooted but not badly burned.
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7.3 Service Module

The service module (SM) broke up shortly after abort and pieces
were scattered over an area covering 50 square miles (fig. 7.0-1).
Because of inclement weather, high winds, and the large dispersion
pattern, the first pieces of the SM were not found until T+2 days.

Parts of the service module that were found included the following:

(a)
(b)

(c)
(a)
(e)
(£)
(8)

Two RCS quads (quads B and C)

One section (2 £t by 4 ft) of an SM radial beam (sectors 2
and 5)

One CM sﬁpport beam and tension tie (V 1734 001-11)
One signal distribution box (1.9.1.1.2)

One tape module (3.11.1.1.1)

Nineteen amplifiers

Other small pieces of skin and radial beams.

The SM-LJ IT adapter ring was found in one piece except for im-
pact damage. The fiberglass bulkhead was shattered with only the
Jegged edges left in the mating ring.




7.4 ZLaunch Vehicle

The launch vehicle was observed by the recovery crew to be falling
intact, aft end first. Impact was approximately T200 feet northwest of
site SE30 just inside the White Sands National Monument (fig. T7.0-1).
Maximum dispersion of the launch vehicle was approximately 100 yards
(fig. T.4-1). TImmediately after impact the launch vehicle started
burning, and it was T+130 minutes before the recovery team could enter
the impact ares because of the intense heat.

The launch vehicle separation at the top ring was indicated by the

clean shear of the rivets. This was verified when the bottom ring of
the service module was found 2 .days later.

The following observations were made by the recovery teams:

(a) Seven of the eight nitrogen tanks were ruptured. The eighth
tank was not located.

(b) Two safe and arm destruct wmits used to detonate the linear
shaped charge for destructing the Algol motors were found in the armed
position.

(c) Other items recovered were:

Launch sequence timers (only one was returned to VAB)

RF command receiver

Logic and control unit (found in three pieces)

Pitch programmer

Fin, including pallet and actustor

These were the only items requested for recovery. All remaining
launch vehicle items were disposed of by Arny Ordnance Disposal.
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8.0 POSTFLIGHT TESTING AND ANOMALY SUMMARY

8.1 Postflight Testing

Planned postflight testing for analysis of subsystem performance
and the resolution of anomalies occurring Suring the flight of Mis-
sion A-OO4 have been completed and the results analyzed. FEach item
is discussed in the area where testing occurred as noted in the section
referenced in parenthesis.

1. Scimitar Antenna — The scimitar antenna was field inspected,
and then removed from the spacecraft. A radiation bench test was con-
ducted on the antenna, and X-rays were taken to observe structural
condition. The final test involved complete sectioning of the antenna
for analysis (section 5.12).

2. Pyro buses A and B — Electrical continuity checks of pyro
buses A and B were conducted in the spacecraft with the sequencers in
place. Bench tests were conducted on the sequencer after it was re-
moved from the vehicle (section 5.11).

3. (abin Pressure Relief Valve Tests — Pressurization and vacuum
tests were conducted on the cabin pressure relief valve while it was
still installed in the spacecraft. The valve was removed and shipped
to AiResearch Manufacturing Co. where further pressure and vacuun tests
were conducted (section 5.13).

4k, Command Module Leak Tests — All cracks in the aft bulkhead of.
the command module pressure vessel were bagged and a vacuum was applied
to the bagged area prior to a complete CM pressure check. The cracks
were sealed and a pressure check was conducted on the total CM through
the vent port on the crew access hatch prior to the removal of the
cabin pressure relief valve (section 5.13).

5. Crew Window Tests — The crew windows were removed at the con-
tractor's Downey facilities and shipped to Atomic Internmational for
visibility, transmissibility, and chemical analysis (section 5.1k).

6. TInstrumentation Measurements (5) Tests — Postflight electrical
continuity tests were conducted on all questionable instrumentation
measurements prior to removing any equipment from the vehicle. Cali-
brations were completed on those measurements requiring such action
(section 5.11).

7. Flotation Bag Canister Test — The flotation bag canister was
removed from the spacecraft and shipped to MSC for testing. Operational
tests have been completed on this item (section 5.5).
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8.2 Summary of Malfunctions and Deviations

The flight test of Mission A-O04k did not reveal any malfunctions
or deviations which could be considered a serious system failure or
design deficiency. However, 10 deviations did ocecur and are summarized
here for documentary purposes.

Corrective measures vere recommended for some of the items listed.
These are marked with an asterisk. Each item is discussed in the ares
where the deviation occurred as noted in the section referenced in
parenthesis.

1. RF telemetry was lost, starting approximately 2 seconds after
abort due to scimitar antenna failure (section 5.12).

2. At abort, pyro bus A and B voltage dropped to approximately
5 volts for approximately 0.2 second (section 5.11).

3. (Cabin pressure relief valve did not control cabin pressure
during ascent because of excessive inner hatch seal leskage (sec-
tion 5.12). *

4, All windows on the command module sustained severe sooting
during the flight (section 5.14).

5. There was damage (plttlng) to the aft heat shield in the area
of the CM-SM tension ties (section 5.2.4).%*

6. The onboard tape recorder F jammed at T+209 seconds (sec-
tion 5.12).

7. TFive measurements yielded questionable data (section 5.12).
8. The flotation bag canister shifted during flight (section 5.5).

9. Pyro bus B voltage dropped to approximately 30 volts at the
time of pilot mortar/drogue disconnect firing (section 5.11).

10. One drogue parachute disconnect cutter blade was broken durlng
flight (section 5.8.1).%



9.0 CONCLUDING REMARKS

Mission A-OOk demonstrated the satisfactory performance and struc-
tural integrity of the Apollo launch escape vehicle Block I type air-
frame structure during a power-on tumbling abort.

The desired differential pressure (11.2 1 1.5 psid) loads on the
command module structure were not achieved because of the combination
of higher than predicted aft compartment pressure and lower than ex~
pected plume impingement pressure.

The Block I type service module airframe structure performed dur-
ing the launch phase and pitch-up maneuver as required.

After canard deployment, the spacecraft 002 launch escape vehicle
with specially configured mass characteristics, quickly oriented from
a high tumbling rate to a stabilized, main heat shield forward attitude.

The boost probtective cover performed during the launch phase and
pitceh-up maneuver as reguired.

The single scimitar antenna was broken during the first tumble and
soft boost protective cover break up after abort initiation.

Improper installation of the inner hatch resulted in excessive
cabin air leakage.

With the exceptions already noted, all Block I type spacecraft 002
subsystems performed satisfactorily.

Dynamic loads and structural response values determined from the
flight data were within design limits and predicted values.

The desired flight measurements were obtained, although they were

incomplete from drogue deployment to landing because one onboard tape
recorder Jjammed.

The Little Joe II launch vehicle placed the Apollo lsunch escape
vehicle within the planned altitude-velocity test region.
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10.0 APPENDIX A

10.1 Test Vehicle History

The launch vehicle was assembled at the contractor's plant =nd
after acceptance was disassembled and shipped to Launch Complex 26 at
White Sands Missile Range, New Mexico. The checkout of assemblies and
subsystems and the integrated subsystem tests were performed in accord-
ance with operational checkout procedures (OCP's). Significant OCP's
are listed in table 10.1-I,

Launch wvehicle testing was divided into four phases: manufactur-
ing acceptance evaluation (MAE), pre-delivery acceptance test (PAT),
field test, and integrated system tests. The MAE was completed cn
July 1, 1965, the PAT was completed on Octooer 7, 1965, and the post-
PAT acceptance review was held on October 8, 1965. The launch vehicle
was shipped from San Diego, California, on October 11, 1965, and arrived
at White Sands Test Facility on October 14, 1965.

Assembly of the spacecraft command module, service module, and
launch-escape subsystem structure was completed at the contractor's
plant on September 16, 1965. After completion of subsystem and inte-
grated system tests (Sept. 30, 1965), the soacecraft was formally ac-
cepted at the customer acceptance readiness review (CARR) on October 1,
1965, and shipped to the Vehicle Assembly Building (VAB) at the White
Sands Test Facility (WSTF).

The service module was shipped October 6, 1965, and received at
the VAB on October T, 1965. After pre-mating preparations, the service
module was moved to the launch pad and mated to the launch vehicle on
October 23, 1965.

The command module was shipped on October 8, 1965, and received at
the VAB on October 9, 1965. It was moved to the launch pad on
October 29, 1965, and mated to the launch vehicle/service module stack.

The launch-escape tower was shipped on October 7, 1965, and re-
ceived at the VAB on October 10, 1965. Launch-escape subsystem (LES)
build-up was completed on October 20, 1965. The hard boost protective
cover and LES were mated to the command module on October 30, 1965.

On November 22, 1965, the soft boost protective cover was installed to
complete the assembly of the spacecraft.

The simulated countdown was completed on November 30, 1965. At
the Flight Readiness Review, Decenber 3, 1965, the spacecraft and launch
vehicle were declared ready for a December 8, 1965, launch, pendiag
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investigation of a reported failure of a LJ II attitude control sub-
system logic and control unit.

The subsecuent investigation revealed faulty solder connections.
As a result of this, on December 4 the launch was cancelled and re-
scheduled for December 18 in order to correct and requalify LJ II.

During & telephone Flight Readiness Review on December 17, the
Flight Readiness Review Board was advised that the LJ II launch vehicle
was unaccepbable for flight, and the scheduled December 18 launch was
cancelled. After a series of planning meetings between the launch ve-
hicle contractor and NASA, the launch was rescheduled for Januvary 18,
1966. A chronological history of activities related to the launch ve-
hicle logic and control units is presented in table 10.1-IT1.

At the Flight Readiness Review conducted January 14, 1966, the
spacecraft and launch vehicle were declared ready for launch, On
January 18 launch was rescheduled for January 20, 1966, because of
bad weather. Iaunch was satisfactorily completed January 20, 1966,
at 8:17:00.776 a.m. m.s.t. .
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TABLE 10.1-I.- OPERATIONAL CHECKOUT PROCEDURES FOR MISSION A-OOL

OCP number Title Date completed
Spacecraft
A-90%0 GSE 4installation and checkout Oct. 13, 1965
A-2013 LES build-up Oct. 20, 1965
A-303%8 LES weight and balance Oct. 16, 1965
SM receiving inspection Oct. 19, 1965
SM build-up Oct. 22, 1965
A-3023 M-IV mate Oct. 23, 1965
CM receiving inspection Oct. 9, 1965
A-3027 Top deck build-up Oct. 21, 1965
A-3035 Horizontal weight and balance Oct. 22, 1965
A-3036 Vertical weight and balance Oct. 25, 1965
A-30%9 Thrust vector alignment Oct. 27, 1965
Quality control shakedown Oct. 28, 1965
A-3015 SM-CM-LES mate Oct. 30, 1965
Antenna checkout Nov. 5, 1965
A-10002 Cable up for SC checkout Nov. L, 1965
Open item review Nov. 4, 1965
A-0100 Spacecraft systems checkout Nov.v8, 1965
Install BPC Nov. 22, 1965
Pyro checkout and no-voltage check Jan. 5, 1966
Tape recorder checkout Jan. 6, 1966
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FOR MISSION A-OOL - Continued

TABLE 10.1-T.- OPERATIONAI, CHECKOUT PROCEDURES

OCP mumiber Title Date completéa
Spacecraft -~ concluded
A-10002 Preparation of systems checkout Jan. 6, 1966
Systems checkout Jan. T, 1966
Data review Jan. 10, 1966
Quality control shakedown Jan. 11, 1966
Battery preparation Jan. 14, 1966
Taunch vehicle
A-85173 Focility installation and checkout July 30, 1965
Receiving inspection Oct. 15, 1965
Flight component testing Jan. 18, 1966
Vehicle build-up Nov. 2, 1965
Fin checkout and installation Nov. 1, 1965
Open item review Oct. 22 and
Nov. 18, 1965
Launch vehicle systems checkout Oct. 28, Nov. 4,
12, and 17,
1965
Receive and functional test instruc- Jan. 7, 1966
tion L & C and 799 monitor box
10-83132 Checkout sensors and L & C unit Jan. 9, 1966
12-83133%
12-83131 Integrated checkout attitude control Jan. 10, 1966

system
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TABLE 10.1-I.~ OPERATTONAT, CHECKOUT PROCEDURES

TOR MISSTON A-00L - Concluded

OCP number ' Title Date completed

Launch vehicle = concluded

Data review Jan. 12, 1966
Quality control shakedown and open Jan. 12, 1966
item review
12-83116 Service fins Jan. 12, 1966
Battery preparation Jan. 11, 1966

Spacecraft-launch vehicle

A-10002 Interface/integrated preparations Nov. 19, 1965
A-1099 Interface/integrated test Nov. 22, 1965
A-1099 Data review Nov. 23, 1965
A-1099 Quality control shakedown : Nov. 24, 1965
A-1099 Open item review Nov. 29, 1965
A-0010 Simulated countdown Nov. 30, 1965
(simulated)
FRR Dec. 3, 1965
Simulated countdown Jan. 13, 1966
Data review and FRR Jan. 1k, 1966
Final systems checks Jan. 16, 1966
Closeout Jan. 17, 1966
Countdown (rescheduled) Jan. 18, 1966

Countdown Jan. 20, 1966
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TABLE 10.1~IT.~ PROBLEM HISTORY OF LAUNCH VEEICLE

Date Unit status

Nov. 30, 1965 Logic and control (L8C) unit SN-6 fziled fumction
test inspection (FTI) at WSTF,.

Dec. 2, 1965 L8C unit SN-6 failure verified at San Diego.

Dec. 3, 1965 FRR conducted at WSTF.

Dec. 3, 1965 Failure analysis of SN-6 completed at San Diego.

Dec. 3, 1965 NASA informed of failure analysis results.

Dec. 5, 1965 Method of failure resting resolved and reverifica-

: tion required on SN-k.

Dec. 6, 1965 L&C unit SN-4 removed from the launch vehicle and
exhibited the same problem as SN-6.

Dec. T to 9, ? Failure cause and corrective action accomplished.

1965 ; L& unit SN-U4 repaired and reverification tests
! started.
Dec. 10, 1965 L8C unit SN-4 reverification completed and the unit
returned to WSTF for FTI.
Dec. 11, 1965 L&C unit SN-4 installed in the vehicle, OCP 12-
83133 started, and an intermittent fluctuation
noted.
Dec. 12, 1965 . Troubleshooting started with no significant con-
{ clusions.
|

Dec. 13, 1965 { Troubleshooting appeared to isolate the problem to
i the yew attitude amplifier. After replacement,
E another intermittent fluctuation was noted with
: different characteristiecs.
i

Dec. 14, 1965 ‘ Troubleshooting appeared to isolate the problem to

the L& unit 415 V de power supply and LE&C unit
SN-7 was shipped from San Diego.

e
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TABLE 10.1-IT.- PROBLEM HISTORY OF IAUNCH VEHICLE - Continued

Date

Unit Status

Dec. 15, 1965

Dec. 16, 1965
Dec. 17, 1965
Dec. 17, 1965

Dec. 18, 1965

Dec. 22, 1965

Dec. 23, 1965

Dec. 28 and 29,
1965

Dec. 29, 1965 to
Jan. 7, 1966

Jan. 6, 1966
Jan. T, 1966
Jan. 8, 1966

Jan. 9, 1966
Jan. 9, 1966

Jan. 10, 1966

Parts of SN-4 and SN-7 installed in SN-7 which was
reverified and reinstalled in the wvehicle.

OCP 12-83133 started and successfully completed.
Pre-count successfully completed.

FRR held by telephone; mission postponed.
NASA-Contractor meeting at MSC; rescheduled mission
for mid-January with minimum rework to logic and

control unit and instrumentation system.
NASA-Contractor meeting at MSC; scheduled mission
for Janvary 19; defined detail tasks to be accom-
plished.
New launch data of January 18, 1966 establisked.
Instrumentation wiring zheckout completed.
TZ~-5 box modification, amplifier failure, and TZ-5
box function acceptance.
L&C unit SN-TD received at WSTF, and FTI complete.
OCP 12-83132 completed.

OCP 12-83133 started and 799 box power supply prob-
lem found.

OCP 12-83133 completed.

OCP 12-83131 completed, but review of data dis-
closed improperly adjusted roll gains.

OCP 12-83133 rerun and successfully completed.
OCP 12-83131 successfully completed.
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TABLE 10.1~II.- PROBLEM HISTORY OF LAUNCH VEHICLE - Concluded

Date Unit status
Jan. 11, 1966 Complete data review confirmed successful comple-
tion of testing.
Jan. 13, 1966 Simulated countdown successfully completed.
Jan. 1k, 1966 Final FRR conducted at WSTF.
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10.2 Launch Procedure

Final preparation for launch, including countdown, was divided
into three operations as indicated in figures 10.2-1 to 10.2-4. The
overall operation is shown in figure 10.2-1. The first operation in-
cluded final system checks, stray voltage checks, and installation of
all vehicle pyrotechnic initiators. The second operation included
close-out of the command module, service module, and launch-escape sub-
system, and the hydraulic and gaseous nitrogen servicing for the Little
Joe II attitude control subsystem. The third operation included arming
of the total vehicle, gantry removal, launcher positioning, and tae
terminal portion of the countdown. The terminal portion of the count-
down was stopped approximately 1 hour before launch on January 18, 1966,
because of bad weather. The launch was rescheduled to January 20, 1966.

Operation l.- The final system checkout included detailed telemetry
checks, C-band radar beacon checks, launch-vehicle autopilot checks,
range-safety and RF command system checks, and finally, a simulated
mission with all onboard systems active (see fig. 10.2-2 and OCP-0010).
A1l support raders and transmitters used for flight were turned oan and
directed toward the launch pad. The results of this testing were sat-
isfactory. The power-on stray voltage checks of all vehicle firing
lines with all systems, radars, and transmitters on were satisfactory.

When the absence of stray voltage had been verified, the ordnance
installation began. Algol and Recruit motor initiators were installed,
and shorting plugs were connected to all units. All spacecraft initi-
ators were installed and firing lines were connected to them, except
for the initiators for the tower-jettison and launch-escape motors.

Operation 2.- Spacecraft closeout began immediately after comple-
tion of operation 1, and was completed satisfactorily. (See fig. 10.2-3.)
Major tasks are listed in table 10.2-I. The servicing of launch-vehicle
systems following spacecraft closeout progressed without incident. The
gaseous nitrogen top-off concluded operation 2.

Operation 3.- Upon verification that controlled radiation was of
a safe level, tower-jettison and launch-escape motors were armed (see
fig. 10.2-4 and OCP-0010). The flight safety crew (WSMR personunel)
then closed out the range safety system. No problems were encountered
and the launch pad was cleared. The launch vehicle crew then armed the
second-stage motors, finished the operation on schedule, and all per-
sonnel cleared the pad area for a complete wvehicle power-up.

After system checks, all power was bturned off and the gantry was
removed. Power was applied to the launcher and the launcher was ro-
tated to the firing position of 348.29° azirmuth and a launch angle
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of 84 . The launch pad was then cleared for launch vehicle power-up
and first-stage arming.

Final checks of the spacecraft and lsunch-~vehicle systems con-
tinued through T-15 minutes, at which time a hold was called because
of bad weather. At 8:30 a.m. m.s.t. on January 18, 1966, the mission
was rescheduled for 3:00 p.m. m.s.t. the same day. ILater the mission
was rescheduled for 8:00 a.m. m.s.t. January 20, 1966. Launch vehicle
ordnance personnel then installed shorting plugs to all initiators, and
flight safety personnel diszrmed the range safety system. The space-
craft remained in ready condition.

Launch procedure was resumed on January 20, 1966 (fig. 10.2-k4).
The count proceeded satisfactorily unmtil T-3 minutes. At this time
the range called a hold because two of the seven telemetry ground
stations were unable to support launch. With five telemetry stations
supporting the launch, the count was resumed. Launch was completed
at 8:17 a.m. m.s.t.



TABLE 10.2-T.- MAJOR TASKS OF SC-002 SPACECRAFT CLOSE-OUT

Service module close-out

(a) Remove instrumentation orifice covers
(b) Quality control final review
(¢) 1Install SM hatch
Command module close-out
(a) Install batteries and safety wire switch
(b) Remove instrumentation orifice covers
(¢) Install CM camera system
(d) Quality control final review
(e) Install CM hatch
(f) 1Install boost protective cover hatch
(g) Pot screw holes in boost protective cover
Launch~escape subsystem close-out
(2) Install camera system
(b) Remove nozzle covers
(¢) Install and pot remaining tower leg covers
GSE securing and pad clean-up
(a) Remove pyrotechnic simulators
(b) Stow or remove all loose items from gantry
(¢) Sand bag junction boxes
(a) Clean up pad and gantry

10-11
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10.3 Real-Time Data System
The configuration of the White Sands Missile Range (WSMR) real-
time data system (RTDS) to support Mission A-O04 consisted of the fol-
lowing:
(a) Two FPS~16 radars at C station
(b) Two FPS-16 radars at site King I

(¢) An IBM 7094 II computer and its output display devices in
building 1512

(d) Digital data links from the radars to the computer

(e) Lift-off signal from the launcher to the computer

(f) Timing signals to the computer snd the radars

(g) WSMR Telemetry Ground Station, Jig-3

Displays provided to the Flight Dynamics Officer for control of
the mission included four plotboards, one digital panel, and one sweep-
second-hand “plus time" clock. The plotboards displayed the following
information:

(a) Flight-path angle plotted against altitude (plotboard A)

(b) Dynamic pressure plotted against Mach number (plotboard B)

(¢) Crossrange plotted against downrange (plotboard C)

(d) Altitude plotted against downrange (plotboard C)

(e) Acceleration (RTDS) plotted against time (plotboard D)

(£f) Acceleration (telemetry) plotted agsinst time (plotboard D)

The digital display panel indicated time, altitude, Mach number,
dynamic pressure, and flight-path angle. The sweep-second-hand "plus
time" clock, which was started by a lift-off signal from the launcher,
provided elapsed time.

Checkout and qualification testing of the real-time data system
for support of Mission A-OO4 was conducted from the first part of
October, 1965 to the end of November, 1965. The system was requalified

during the first week of January, 1966. The Computer Augmented Traj-
ectory Simulator (CATS) program provided a method of testing the

S
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real-time dats system under conditions closely approximating the ex-
pected trajectory of Mission A-OO4. TFinal testing of the RIDS was con-
ducted during the launch countdown at T-45 minutes, utilizing fly-by
aircraft eguipped with C-band beacon. The aircraft made three passes

and completed the prelaunch testing 3 minutes prior to the allotted
time.

The RTDS was the prime reference for initiating the pitch-up ma-
neuver during Mission A-OOL. All phases of the real-time data system
performed satisfactorily. The data were also used in connection with
the quick-look and final analysis of the flight (see section 4.0).
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10.4 Range Operations

The White Sands Missile Range (WSMR) provided communications,
range timing, radio-frequency radiation controls, optical tracking,
radar tracking, telemetry, documentary photography, meteorological
data, and geodetic survey in support of Apollo Mission A-O0Ok. Support
similar to that given previous Apollo abort CSM developmental missions
included the following:

The range command ready-hold network provided the formal communi-
cation channel between range users and range operzting personnel for
transmitbing renge readiness and countdown information.

The telemetry network linked all range telemetry stations with
the telemetry systems controller and a NASA representative located in
the blockhouse at Launch Complex 36 (LC 36). Prelaunch calibrations
and telemetry requirements were also coordinated over this network.

The flight-control network consisted of five stations linked to-
gether to relay launcher positioning coordinates, real-time dsta sys-
tem performance, meteorological conditions, and inflight events ob~-
served by the vifual oObservers.

The missile flight surveillance network included intercommunica-
tions between personnel in the IC 36 blockhouse, FRW-2 transmitter,
radar display room in C station, datae display room in technical center
building 1512. The network was used for checkout of the abort commands
and the range-safety subsystem.

Extension radio and telephone facilities were provided for re-
covery and general support of the mission.

A tape recording of the Time Announcer, Test Director, Flight
Dynamics Officer, and the spacecraft, launch vehicle, telemetry, and
range isolation networks was made on a 9-channel tape recorder located
in the blockhouse. The recording was retained at WSTF.

Range-timing distribution stations for IRIG timing was provided
to IC %6 on & 2h4-hour basis. The test vehicle lift-off signal triggered
the start of the "plus" time from lift-off clocks and reset the frame
counters on cinetheodolite cameras in order to correlate the data film
easily. The timing system performed satisfactorily. The times re-
corded by the timing generator at 1ift-off were as follows:

20 days 15 hours 17 minutes 0.776 second, G.m.t.

20 days 8 hours 17 minutes O0.776 second, m.s.t.
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Radio frequency (RF) electromagnetic radiation control was main-
tained during the interface-integrated test, simulated countdown, final
systems checks, and countdown to prevent interference with the RF sys-
tems of the mission, and to prevent a concentration of RF energy on the
launch pad during installation of pyrotechnic devices.

Radar support was provided for the real-time data system, inter-
face-integrated test, simulated countdown, Tinal systems checks, and
countdown. FPS-16 (C-band) radars located throughout the range were
used. to support the mission flight requirements. Four radars were used
to track the beacons and one each to skin-track the launch vehicle and
the IES. Figure 10.4-1 shows the location of the radar stations used
to support the flight.

Telemetry support was provided by WSMR for the integrated-interface
test, simulated countdown, final systems checks, and for the flight.
Real-time and playback telemetry information was provided during the
flight by range telemetry stations. Seven range stations were used.
Data were provided by all seven stations from T-2 to T+75 seconds, at
which time the spacecraft telemetry antenna failed.

At T+3 minutes during the final countdown to launch, a hold was
called by WSMR because of an amplifier failure at telemetry station
Jig 56. Both Jig 56 and Jig 3 were inable to support the mission.
(Jig 56 was a relay station for Jig 3). WSMR reported that the dura-
tion of the hold would be approximately 5 minutes. Both stations were
ready to support the mission prior to the actual launch.

In addition to the range telemetry stations, the NASA telemetry
station located at IC 36 also recorded flight telemetry.

The original telemetry tapes, and a copy of each, were forwarded
to MSC-Houston for data reduction.

Two television cameras, one located approximately 2000 feet south-
east of the launcher and the other located on Mule Peak approximately
40 miles northeast of the launcher, provided real-time tracking infor-
mation to three monitors in the IC 36 blockhouse and at MSC-Houston.
The television monitors and cameras performed satisfactorily. Clouds
hampered tracking; therefore coverage was intermittent throughout the
flight. Television camera locations are shown in figure 10.4-2. Pre-
flight and postflight documentary photography for engineering analysis
was supplied by the range. Various 16-mm film copies and still prints
were furnished.

Optical coverage was limited during portions of the flight due to
cloud cover which prevented some stations from complete mission track-
ing. Generally, stations downrange were unable to obtain coverage.
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At the time of actual launch, an optical limitation of 70 to 80 percent
deterioration was reported by WSMR for the launch area. The optical
instrumentation systems which were used and the evaluation of the films
provided are presented in tables 10.4-I to 10.L4-ITI. Optical station
locations are shown in figure 10.4-2.

General weather forecasts were reported at l12-hour intervals and
l-week specific forecasts were provided as described in section 10. 5.

The U.S. Coast and Geodetic Survey made location surveys of impact
locations of the recovered components of the vehiele on December 20
and 21, 1965.
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TABLE 10.4-II.- RANGE EVALUATION OF FILM NOT COPIED FOR MSC

Frame

white

Focal . Time .
Station Tyve length, rate, Film object coverage, Quality
frames/ tracked I N
mmn sec sec mnage Film
Fixed camera
F-1195 TOram 8o 60 Color Lift-off Film jam and
break
F-1196 70nm 80 60 Color Lift-off Film jam Poor
F-1197 70mm 80 60 Color Lift-off Timing poor
F-1198 TOmm 80 60 Color Lift-off 0 to 2.2 Good Good
0k99 at 25mm 5 500 Color Lift-off Timing Good Good
1196F Jumbled
0799 at 35mm 5 500 Color Lift-off 0 to 2.0 Good Good
1197F
1099-1F af 35mm 14 500 Color Umbilical Good Too hazy on
F1198 retrac- launcher
tion
1099-2F af 35nm 1k 500 Color Elevon 4
F-1198 action
0499 at 25mm € 60 Infrared | Flame 0 to 1.7 Good Good
F-1196
| 0799 at %5mm € 60 | Infrared| Flame Jumbled LTair Fair
iP-1197 :
Cinetheodolites
G-5 Askania 47 5, 1% {Black & | LI TI No timing
white
G-3h Askanis L7 5, 1% |Black & | M 37 to 2%1 Small Dark
white
G-37 Askania Ly 5, 1? Black & | LES 16 to 229 Hazy Fair
white
G-38 Agkarnia L 5, 1 Black % LES 13 to 229 Fair Dark
white
G-39 Askania L 5, la Black & M 131 to 229 Fair " | Fair
white
G-40 Askaria kel S, 1 | Black & | CM 12 to 228 Out of Fair
white focus
G-h1 Askaria 7 5, 1* |Black & | LES Yot usable

8y frames/sec to 225 seconds,

After 225 seconds, track (M at 1 frame/sec.

S
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TABLE 10.4-II.~ RANGE EVALUATION OF FILM NOT COPIED FOR MSC - Continued

Frame . Time B
Station Type 12‘30;}; rate, Film ?;g ce;lc:cfc‘ coverage, Qual-ty
&Y | frames/ i sec Image Film
mm
sec
Cinetheodolites ~ coneltvded
G143 Askanis W7 5, 1* | Black & | LT I Too much
vhite cloud cover
G146 Askania W7 5, 1% | Black & | 1o 12 110 to 128 Poor Fair
white
G-50 Lskanis 47 5, 1* |Black = | 17 II 60 to 125 Blurry Fair
white
G-137 Askania by 5, 1* | Black & | LES 2 to 65 Fair Dark
white ’
G-138 Askania 7 5, 1 | Black 2 | 1ES 223 to 349 Fair Fair
white
G-249 Askania by 5, 1* | Black & | M 68 to 225 Hazy, Fair
white blurred
G-150 Askania b7 5, 1% |Black 2 | oM
white
G=32 Contraves 60 30 Black 2 | CM ©1.1 to 114.0 | Small, Light
white : faint
c-R1 Contraves | 60 20 | Black g | M . 1.0 to 3140 | Swall, Dark
white fairt
G-108 Centraves, 60 20 {Color .LJ II Film break
H
F-111 Centraves | 60 20 | Color | (M Film bresk
F-152 Contraves 50 20 Color M 0 to 108 Srall, Fair
blurred
Telescopes
T-2 at Lo 250 Colo» o 2hz to 261 Fair Dark
T2
T-7 at 0 250 Color Test Film break
-7 vehicle
7.11 at 9% 250 | Color M 260 to 407 Good Good
T-11
T-12 at 96 60 Color o 288 to 411 Good Good
T-12
T-126 at ok 60 Color o] 2.3 to 80.0 Fair Fair
T.126

aS frames/sec to 225 seconds. After 225 seconds, track CM at 1 frame/sec.
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TABLE 1C.L4-II.- RANGE EVALUATION OF FILM NOT COPIED FOR MSC - Continued

Tocal f«ﬁ’é’e Object wime Quality
o 5 .
Station Type length, frames / Film tracked coverage, -
mn sec Irage Filim
sec
Telescopes - continned
T-126 at 60 60 Black & | M 0 to 159 Fair Fair
T-126 white
T-128 at 20 500 Color LJ IT 0 to 37 Fair Fair
T-128
T-125 at 48 60 Color LY II 0 to 89 Poor Fair
T-128
T-155 at 2h 500 Black & | Test 2.0 to 37.0 Good Good
T=-155 white vehicle
T-156 at L8 60 Color o™ 50 to Li2 Poor Hazy
T-156
T-156 at 2L 250 Black & | CM 10% to 183 No images
T-156 white
T-167 at 100 30 Color o 3% to 80 Small, Fair
BATE blurry
T-167 at 300 30 Color oM 2 to 80 Small, Fair
BATE . blurry
T-197 at 180 30 Black & | CM 4z to N11 Poor focus |Poor
T-197 white
T-199 at 199 96 Black & | CM 313 to 327 Blurry Poor
T-199 white
MT 1-1 at L0 250 Color LJ IT Poor timing
-2
MT 1-2 at 71 60 Color cM 351 to 409 Fair Dark
T-2
MT 1-3 at Lo 250 Color LEV/sM 294 to 311 Good Dark
T-2 ’
MI 1-3 at 96 60 | Color LEV/SM 62 to 82 Fair Fair
T2
MT 1-1 at 40 250 Color LT 11 Poor timing
T-12
|
MT 1-1 at 80 60 Color | LT II No images
T-12 .
MI_LS at 72 60 Color CM/LES " Film jam No images
T-12 :
4

}
i



TABLE 10.4-II.- RANGE EVATUATION OF FIIM NOT COPIED FOR MSC - Concluded
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Frame
Foeal Time
Station Type length, rate, Film Object coverage, Qualit
frames/ tracked .
™m sec Images Film
sec
Telescopes - concluded
MT-127 at ok 180 Color LJ I Fair Fair
T-180
MT-127 at 24 60 Infrared | LJ TI 17.0 to 108.0 | Fair Fair
7180
MT-151 at 24 €60 | Infrared | IJ II Film jam
T-6
MT-151 at 60 250 Black & | LJ II 0 to 37 Good Good
T-6 white
MT-152 at 96 &0 Color LI II Did not run -
T-321 mount
trouble
MT-152 at Lo 250 Color IJ 11 Did not run -
T-321 mount
trouble
MT-15% at 90 60 Color ™ 246 to 360 Good Good
T-12
MT-17% at Lo 250 Color M 37.0 to 79.0 Off frame Fair
T-318
MT-173% at 60 60 Color ™ 3,6 to 84.6 Fair Fair
T7-318
MT-190 at 48 250 Black & | LT IT 64.0 to 117.0 | Hazy, Fair
T-318 white blurry
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TABLE 10.4-III.- FIIM EVALUATION OF BEST

MOTTON PICTURE COVERAGE TFOR EVENTS

Events Best available films for events

Algol ignition G=101, T-198/7-198

Recruit ignition T-198/T-198

Algol burn | G-101, T-198/T-198, RP-080

Lift-off 1099F, G-101, T-198/T-198, MSC 4960,
RP-080

IJ II fin position 0199/1195, T-198/T-198

Test vehicle paint pattern 0199/1195, T-155/T-155, RP-080

Launch phase G-101, G-102, G-109, G110,
T-198/T-198, MT-90/T318, RP-080

Staging MSC 4969, RP-080

Pitch-up G~101, T-155/T-155, T-198/T-198,
RP~-080

Avort G-101, G-102, G-110, T9/T9,

T-154/T-154, T-155/T-155
T-198/T-198, MI-190/318, RP-080

Soft boost protective cover G-109
break-up ,
LES motor ignition T-9/T-9, MT-190/T~-318
M break-up T-155/T-155, G-101
LEV tumble G-109, G-110, T-154/T-15k,

T-198/T-198, MT-190/T-318,
MSC L969, RP-080

Canard deployment T-154 /T-154, T-198/T-198, T-190/318

LEV descent T-198/7-198, T-9/T-9

S
s
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TABLE 10.4-III.- FIIM EVALUATION OF BEST

MOTION PICTURE COVERAGE FOR EVENTS - Concluded

Events Best available films for events

LJ IT booster descent MT-1-1/T=2, MT=1.2/T=2

CM on drogue parachutes T-198

Drogue parachute disconnect koo

M on main parachutes T-9/T-9, T-198/T-198, MT~1-2/T-12,
MT-L45/T-12, 4972, RP-080

CM paint pattern MI=1-2/T-12, MT-45/T-12

CM landing MI[-1-2/T-12, MT-L45/T-12, 4972,
RP-080

Main paraschute disconnect LoT2, RP-080

LES tower descent T-9/T-9, MT-L5/T.12, MT-15%/T-12,
T=198/T-198

LES tower impact MT-45/T-12, 4972

Apex cover descent Lhg7o

Apex cover impact Lor2

LT IT impact T-2/T-2, MT-1-1/T-2, MT-1-2/T-2

Recovery film L972, PAO, S66-T5

Note: The following events were not photographed because of
heavy cloud cover:

Tower Jettison

Drogue parachute deployment

Pilot parachute deployment

Main parachute deployment
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Figure 10.4-1.- Telemetry, meteorological, and radar station locations, Apollo Mission A-004.
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NASA-S-66-3718 APR 15
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Figure 10.4-2,- Camera locations, Apollo Mission A-004.
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10.5 Weather Conditions

Continuous weather forecasting service was provided to NASA by the
WSMR Meteorological Support Office during the final 2 weeks prior to
launch. The T-24 hour forecast for a January 18 launch indicated that
cloud cover would be 100 percent. The countdown initiated for an
8:00 a.m. m.s.t. launch on January 18 was cancelled at 8:30 a.m. m.s.t.
because of weather conditions and rescheduled for 8:00 a.m. m.s.t. on
Jenuary 20. The T-2L hour forecast for a January 20 launch indicated
no meteorological restrictions. The T-12 hour forecast of T = 0 con-
ditions indicated a 0.1 to 0.2 (10 to 20 percent) cirrus condition.

Approximately 15 minutes before the planned launch time of

8:00 a.m. m.s.t., WSMR reported that a 20-percent deterioration could

be expected in the gquality of the optical data throughout the trzjec-

tory due to 0.1 to 0.2 (10 to 20 percent) cirrus cloud cover over the

southern portion of the range. During the telemetry hold at T-3 min-

utes (which resulted in a l7-minute launch delay) cloud cover was mov-
ing rapidly into the southern portion of the planned trajectory. The

0.5 alto-cumulus condition continued through launch.

Prelaunch wind, pressure, and temperature measurements as a func-
tion of altitude were made from Rawinsconde releases from the Small
Missile Range (8MR) at T-7 and T-4 hours and were provided to NASA
Meteorological Officer for trajectory predictions. These data were
also provided to NASA Flight Director Officer for use with the RTDS
program. Additional wind measurements were provided to NASA Meteoro-
logical Officer from Pibal releases at T-1 hour and T-30 minubes. Wind
measurements from the 500-foot tower located at IC %6 and two 50-foot
towers located in predicted spacecraft landing area were provided to
NASA Meteoroclogical Officer as required for trajectory predictions and
final launcher adjustments.

The T = O meteorclogical measurements for postflight analysis were
reduced from data obtained by Rawinsonde released from the Small Missile
Range at 8:20 a.m. m.s.t. and presented in increments from the surface
(approximately 4000 feet m.s.l.) to 109 000 feet m.s.l. Wind direction
and velocity, temperature, pressure, and relative humidity were meas-
ured. (See figs. 10.5-1 to 10.5-6.)
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11.0 APPERDIX B

11.1 Mission A-OOk Test Objectives

Pirst-order test objectives.-

(a) Demonstrate satisfactory launch-escape vehicle (LEV) perform-
ance for an abort in the power-on tumbling boundary region.

(v) Demonstrate the structural integrity of the ILEV airframe
structure for an abort in the power-on tumbling boundary region.

Second-oxder test objectives.-

(a) Demonstrate the capability of the canard subsystem to satis-
factorily reorient and stabilize the IEV with the aft heat shield for-
ward after a power-on tumbling abort.

(b) Demonstrate the structural capability of the production boost
protective cover to withstand the leunch environment.

(c) Determine the static loads on the command module during the
lawnch and the abort sequences.

(d) Determine the dynamic loading of the command module immer
structure.

(e) Determine the dynamic loads and the structural response of
the service module during launch.

(f) Demonstrate the capability of the command module forward
heat shield thrusters to satisfactorily separate the forward heat shield
after the tower has been jettisoned by the tower-jettison motor.

(g) Determine the static pressure imposed on the command module
by free-stream conditions and launch-escape subsystem motor plumes dur-

ing a power-on tumbling abort.

(h) Obtain data on rendezvous window visibility degrédation due
to launch-escape motor exhaust products for a power-on tumbling abort.

Third-order test objectives.-

(a) Demonstrate satisfactory separation of the LEV from the
service module.
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(b) Demonstrate the satisfactory operation and performence of the
earth landing subsystem with a spacecraft vehicle.

(¢) Obtain data on the structural loading of the command module
during the earth landing subsystem sequence.

(d) Obtain thermal data on the boost protective cover during a
‘power-on tumbling abort.

(e) Obtain acoustical noise data at an astronaut station inside
the command module.
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11.2 Test Vehicle Measurements
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TARLE 11.2-I11.- LAUNCH VEHICLE MEASUREMENT LIST, TANDLINE

Number Measurement identification Op:;'zz;ng Response

1 Algol 'l grain temperature 32 to 100° F | 15 samples/hour
) Algol 2 grain temperature 32 to 100° F | 15 samples/hour
3 Algol 4 grain temperature %2 to 100° F | 15 samples/howr
N Algol 5 grain temperature 32 to 100° F | 15 samples/hour
5 Algol 1 lower case tamperature 32 to 100° F | 15 samples/hour
6 Algol 2 lower case temperature %2 to 100° F | 15 samples/hour
T Algol 4 lower case temperature 32 to 100° F | 15 samples/hour
8 Algol 5 lower case temperature 32 o 100° F | 15 samples/hour
9 Algol 1 upper case temperature 32 to 100° F | 15 sa.mples/hou:r
10 Algol 2 upper case tempersture %2 to 100° F | 15 samples/hour
11 Algol 4 upper case temperature %2 to 100° F | 15 samples /hour
12 Algol 5 upper case temperature 32 to 100° F | 15 sa.mples/hour
13 Algol 1 initiastor 1, bridgewire 1 0 to 10 amps 50 c¢ps

1k Algol 1 initiator 1, bridgewire 2 0 to 10 amps 50 cps

15 Algol 1 initiator 2, bridgewire 1 0 to 10 amps 50 cps

16 Algol 1 initiator 2, bridgewire 2 0 to 10 amps 50 cps

17 Algol 4 initiator 1, bridgewire 1 0 to 10 amps 50 cps

18 Algol L initiator 1, bridgewire 2 0 to 10 amps 50 cps

19 Algol b initimtor 2, bridgewire 1 0 to 10 amps 50 cps

20 Algol b initiator 2, bridgewire 2 0 to 10 amps 50 cps

21 Rreruit 3 initiators 1 and 2, bridgewire 1 | O to 11 smps 50 cps

22 Recruit 3 initiastors 1 and 2, bridgewire 2 0 to 11 amps 50 cps

23 Recruit 6 initiators 1 and 2, bridgewire 1 | O to 11 amps 50 cps

24 Reeruit 6 initiators 1 and 2, bridgewire 2| O to 11 amps 50 cps

25 Recruit 7 initistors 1 and 2, bridgewire 1 | O to 11 amps 50 e¢ps

26 Recruit 7 initiators 1 and 2, bridgewire 2| O to 11 amps 50 cps

27 Lift-off signal 0 to 2BV de 100 cps

28 Ignition timer firing signal 0 to 287V de 100 eps

29 Range timing ~TRIG - —

30 Recruit 8 dinitiators 1 and 2, bridgewire 1| O to 11 amps . 50 cps

31 Recruit 8 initiators 1 and 2, bridgewire 2 | 0O to 11 amps 50 cops

32 Recruit 9 initiators 1 and 2, bridgewire 1| O to 11 amps 50 cps

33 Recruit 9 initiators 1 and 2, bridgewire 2| O to 11 amps 50 cps
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Cross-section at XL260

Measurement Location
Q-batl

1. LKOO23H XL399
2. LKO00O24H XL399
3. LKOO25H XL399
Accelerometer

4, LAOOl1llA XL380
5. LAQO12A XL380
Motor chamber pressure

6. LDOO12P XL345
7. LD0O0O13P XL290
Motor temperature

8 LD2070T XL260
9F LD2071T XL26O
10*LD2072T XL260
11XLD2073T XL210
12 *LD2074T XL160
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Figure 11.2-1.~- LES motor and Q-ball measurement locations, Apollo Mission A-004.
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Figure 11.2-2.- Apollo Mission A-004 canard strain and
deployment instrumentation.
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Measurement Location

1. LAO0215G XL5.5 Y¥23.4 225.3
2. LAO216G XL5.5 Y23.4 Z-25.3
3. LA0217G XL5’5 Y-23.4 Z25.3
4, LA0218G XL5'5 Y =-23.4 Z7Z-25.3

Figure 11.2-3.- Launch-escape tower measurement locations, Apollo Mission A-004.
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-Y +Y
180° 0°
® BPC surface
0 BPC-CM interface
270°

Measurements Location Measurements Location
BPC surface pressure
1. CA0228P Xp35 89.5° 22. CAJ259P Xc71 114.5°
2. CAD229P X£30  68.5° 23, CAD260P Xp65  86°
3. CA0230P Xc30 49,25° 24, CA0262P XC76.7 266°
4. CA0232P X34 267° 25. CAQ265P  Xp71 323°
5. CAQ0233P Xp30  242° 26. CAD267P  X%~50.5 299°
6. CAQ0234P  Xc25.4 228.75° 27, CAD268P Xp25.4 323°
7. CAD235P X330 203.5° 28. CA0269P Xe30 299°
8. CA0237P  X(30 156,75° 29. CA0271P Xc40 200°
9. CAQ238P X330 131.25° 30. CAO0272P X34 0°
10.CA0239P Xc30 114.5° 31. CAQ273P X34 177°
11. cA0241p Xc50.5 68.5° 32, CAD274P Xcl02 93¢
12. CAD242P X771 48.084° 33, CAD276P Xpl02 273°
13. CAD247P Xc71 131.25° 34, CAO300P Xg74 3.5°
14, CA0248P X%(¢50.5 114.5° 35, CAO301P XC74 178.7°
15. CA0249F X54 86° 36. CA0302P Xglo2 3¢
16. CA0250P  Xc50.5 49,25° BPC-CM interface pressure
17. CA0252P X50.5 228.75° o
18  0A0254P X o 37. CAD309P X,.50.5 90

. €30.5 131.25 38, cA0310P xC83.25 293¢
19. CA0255P Xp71 68.5° : Ceq’

¢ : 39, CAD311P  Xg50.5 0°

20. CA0257P  Xc71  203.5° 30, CA0312P XU50.5 180°
21.CA0258P X(71  156.75° ' e

Figure 11.2-4,~ Conical surface pressures, Apollo Mission A-004. (Location of
BPC surface and BPC~CM interface pressure measurements)
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3
- Xcll_.b

&

Measurement Location

Axial strain

CA1514S XC91 43°
CA15158 XC91 430
CAl16045 XC71.5 430
CA1605S XZ69.1 43°

1 CAL606S  XC52.0 43
CAL607S  x(50.4 430
X~.80.75-— =

XC42.665

Figure\ 11.2-6.- Forward sidewall longeron 4 command module inner structure -
forward sidewall, Apollo Mission A-004.
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Measurement L ocation
Axial strain
1. CA1608S XC71.5 223°
2. CA1609S X069.1 223°
—X 113.6 3, CAl1610S XCSZ.O 223°
C : 4, CAl611S XCSO.4 223°
5. CA2617S XC91 223°
6, CA2618S X291 223°
Tower longeron C
gusset
3
6 v v an |
5 [« |
7
Parachute fitting % 4
¢
' Section B-B
X.80.75

1
o
ooy
2
Section A~A

XC42.665 —

Figure 11.2-7.~ Strain gage locations on longeron 8 command module,

Apollo Mission A-004,
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Measurement Location
Axial strain
1. CA1512S XC91 317°
—_—X_.113.6 2. CA1513S XC91 317°
C 3, CA1600S XC71.5 317°
4, CAl1601S XC69. 1 317°
Tower longeron ‘5 CAl1602S XC52.0 317°
gusset 6. CAl1603S XCSO.4 317
0/ >
1
\ ) 4 VAV rd P |
Parachute fitting A./ 6
Section B-B

X~80.75

c

Section A-A

XC42.665

Figure 11.2-8.- Strain gage locations on longeron 2 command module,
Apollo Mission A-004.
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Measurement Location

Axial strain
1. CAQ0510S

X 293°
2, CA0511s X

61.7
61,7 293°

-
5

&
> '

s
-

/

71 N

Section A~A

Figure 11.2-9.- Strain gage locations on right-hand beam of main hatch,
Apolto Mission A-004,



11-27

00~V uolssiy ojjody ‘Suoijeoo] JuBWRINSEIW XN|§ JBdY SNPOU PUBWIWO) -*QT-Z T b1

05°68 829X
298 669X
098 8vIX
o£8T  PEIX
€12  tEIX
022 8pIX
Uo17e207]

46.G0VI "9
48.60VI "g
d..50V3 "¢
LL%90VD
d9.L60VI "¢
19¥90V2
d4GLG0VI *z
1990V
dPLG0VI ' 1

Jusuwadnseay

GT ddV ¢8L¢-99-S-VSVN



11-28

A,

"¥00-V uoissiA ofjody ‘pjalys jeay Utew UO SJUBWBINSEIW UIRAS pue aJnjessdws] - TT-z TT 246l

oGET  T89IX  Ib/Z0TVO'TI
oGET mmwx 1€20TVD "0T
08T €29X  LITZ0TVD "6
042 €29X 1690TVD ‘g
ainjesadwal pjaiys jeay

o2l2 LL9X  S988TIVI °J
0llZ mmwx SGQ8TIVI 9
o2L2 L19X SH88IVI ‘g
0.2 8bIX SE88IVI ‘b
0.2 8bIX Sz88IV) ‘¢
0.2 8%IX STQ8IVI ‘2
0.2 8Y9X S088IV) 'T
ules)s pjalysiesy

Uo13e00] JUBWIAINSBI

o) O 0.2
101191x7 @ Z-

o081
>|

o0
A+

2

006

4T ¥4dV 98/€£-99-S-VSVN
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Location

Measurement
+Z 1. CA0280P
° 2. CA0281p
® Near side 270 3. CA0282pP
O Far side 4, CA0283p
5. CAl1l075T
6. CAl1076T

Bottom
Bottom

Bottom-

Bottom
Bottom
Bottom

11-29

OO
90°
180°
270°
90°
270°

Figure 11.2-12.~ Base pressure measurement locations, Apollo Mission A-004,

50 rad
50 rad
50 rad
50 rad
71 rad
39 rad
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Measurement

Radial stress

SA0721S
2. SA0722S
3. SA0723S
4, SA0724sS

ot
-

22 rad 76.75 rad
Location e 5 ] X3355
:_\'f____::::::::::‘ i
X268 74.12 rad "!
X5340.5 74,12 rad 2
Xs305 74,12 rad
X5218 74,12 rad
3 e
le
:-l'i Pe!
1
|
o
z:;
: ]
1
! 4
T ST — a ?
A==
Al A
s — X200

Service module - beam 2

»

Figure 11.2-15.- Strain gage locations, beam 2, service module, Apoltlo Mission A-004.
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22 rad 76.75 rad
Measurement Location T__- — _'_‘ X5355
Radial stress e ot
1, SA0727S X5305 74.34 rad
le@®

- X200

L)

Service module - beam 4

Figure 11.2-16,~ Strain gage location, beam 4, service module, Apollo Mission A-004,
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22 rad 76.75 rad
Measurement Location , X355
I >
Radial stress m ol
1. SA07255 X.340.5 74.12 rad m" "l
2. SA0726S X55268 74.12 rad ii 1.‘
3. SA0728S X305 74.12 rad il
Membrane stress { =t
4, SAQ0865S XSZ 18 74,75 rad o j
5. SA0B866S X32 18 74.75 rad
6. SA0867S XSZ 18 74.75 rad
Bending stress 3 ==
7. SA0868S X 218 74,75 rad i
8. SA0869S XSZ 18 74.75 rad 3@
9, SAQG870S X5218 74,75 rad
Circumferential vibration = ”
10, SA0994D X5275 22 rad | f
i |
D I
,:: 2
‘ A
i 4 through 9 ¢
I Al g_ ﬂ .
“ﬁ—"”‘“‘“‘—“‘_"/""
T i
— XSZOO

Service module -~ beam 5

Figure 11.2~17,.~- Strain gage and vibration measurement location, beam 5, service module,
Apolio Mission A-004,
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X203 -

2 el

Section A - A

Measurement Location

Axial vibration
1. SAQ995D X5203 62 rad
2. SA0996D XZ355 48rad

3. SA0997D x§278 40 rad

Service module interior temperatire
4, SA0612T XS355 YO0 Z0

Service module interior pressure
5. SA0613P X5337.5 21,94 rad

M\ Beam 6

-Z
270°

X355

_ X278

S

Figure 11.2~-18.- Vibration measurements, service module, Apollo Mission A-004,
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