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MPR-SAT-FE-66-11

RESULTS OF THE TENTH SATURN I LAUNCH VEHICLE TEST FLIGHT SA-10

By Saturn Flight Evaluation Working Group

George C. Marshall Space Flight Center

ABSTRACT

This reportpresents the results of the early engi-
neering evaluation of the SA-10test flight. Sixth of the
Block II series, SA-10 was the fifth Saturn vehicle to
carry an Apolio boilerplate (BP-9) payload and the
third in a series tocarrya Pegasus payload (Pegasus
C). The performance of each major vehicle system
is discussed with special emphasis on malfunctions
and deviations.

This test flight of SA-10 was the tenth consecutive
success for the Saturn I vehicles and marks the end ol
the Saturn I program. This was the third flight test
of the Pegasus meteoroid technology satellite, the
third flight test to utilize the iterative guidance mode,
the fourth flight test utilizing the ST-124 guidance
system for both stages, andthe fifth flight test to dem-
onstrate the closed loop performance of ihe path
guidance during S-IV burn. The performance of the
guidance system was successful and the insertion
velocity was very near the expected value. This was
also the third flight test of the unpressurized prototype
production Instrument Unit and passive thermal control
system which will be used on Saturn 1B and V vehicles.
All missions of the flight were successfully accom-
plished.

Any questions or comments pertaining to the in-
formation contained in this report are invited and should
be directed to:

Director, George C. Marshall Space Flight Center

Huntsville, Alabama

Attention: Chairman, Saturn Flight Evaluation
Working Group R-AERO-F (Phone
876-4575)
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mass {low rate b s/ft 4 5339237x1071 fexact) kg’s
force b 4.448221615 N (Newtonj
heating rate Btu/fil-g 1. 1348931 (thermal chemical) watt/cm?
impulse lb-s 4. 448221615 N-g
length fr 3. 048x107! (exact) m

in 2. 54x107% (exact) m
mass b s?/ft 1.5359237x10~1 (exact) kg
moment 1h-ft 1. 355817948 N-m

Ib~in 1.12964829x107 N-m
moment of inertia Ib-ft-s? 1. 355817948 kg-m?
power Btu/hr 2. 9287508x1074 kw
pressure th/in? 6. 894757293x107? N/em?

/it 4. TH6025898x107° N/em®
specifie weight o/ £ 1.57087468x10? N/m?®
te mperature ° F+459. 67 5. 555555556x1071 K
velocily ft’s 3, 048x107! (exact) m/s

knot™* 5. 144444444x 101 m/s
volume ft? 2. 8316846592x10~2 rexact) m?

gallons 3.785411784x1079 (exact) m?
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RESULTS OF THE TENTH SATURN I LAUNCH VEHICLE TEST FLIGHT SA-10

SECTION L
1.1 FLIGHT TEST RESULTS

Saturn launch vehicle SA-10, sixth of the Block 11
series vehicles and the third operational vehicle, was
launched at 08:00 AM EST, July 30, 1965. This flight
test was the tenth and last in a series of Saturn I ve-
hicles to be flight tested. The flight test was the third
in a series to launch a Pegasus satellite (Pegasus C)
and was a complete success with all mission objec-
tives achieved.

SA-10 was the sixth vehicle launched from com-
plex 37B at Cape Kennedy, Florida, and represents
the tifth launch of the Saturn/Apollo configuration,
This was the second Saturnvehicie launch that required
no technical holds, All operations were normal and
the only hold was the 30-minute build-in-hold, used to
make launch time coincident with the beginning of the
launch window. The major anomaly associated with
countdown operations was high surface winds; 8.7 m/s
(16.9 knots) were prevalent during the hour preceding
launch. The high surface winds resulted in an 8-1
stage LOX short load of approximately 725 kg (1600
Ibm) .

The actual trajectory of SA-10 was very close o
nominal. The total velocity was 9. 8 m/s higher than
nominal at OECO and 1, 06 m/s lower than nominal at
S-IVcutoff. At S-1V cutoff the actual altitude was 0. 04
km lower than nominal and the range was 1, 33 km less
than nominal, The cross range velocity deviated 0. 62
m/s to the left of nominal at 8-1IV cutoft.

The S-1V stage and payload at orbital insertion
(S-1V cutoff plus 10 seconds) had a space {ixed veloc-
ity 0.7 m/s less than nominal, yielding a perigee al-
titude of 528. 8 km and an apogee altitude of 531, 9 km.
Estimated orbital lifetime was 720 days, 5 days less
than nominal.

The performance of both the S-1 and S5-IV propul-
sion systems was salisfactory for the SA-10 flight,

FLIGHT TEST SUMMARY

The vehicle sea level longitudinal thrust of the S-1
stage averaged between 0.82 percent (engine analysis)
and 0.86 percent (flight simulation) higher than pre-
dicted. Vehicle specific impulse averaged between
0.15 percent (engine analysis) and 0.39 percent (flight
simulation) lower than predicted. Inboard and out-
board engine cutoff occurred 1.79 seconds and 1.69
seconds earlier than predicted, respectively. Out-
board engine cutoff was initiated by the backup timer
6.1 seconds after inboard engine cutoff. The S-IV
stage average vehicle longitudinal thrust deviation was
between 0,29 percent (engine analysis) and 0, 17 per-
cent (flight simulation) higher than predicted. The
specific impulse deviation was between 0, 0! percent
(engine analysis) and 0.21 percent (flight simulation)
lower than predicted, The performance of all sub-
systems was as expected with the exception of the S-
1V stage fuel pressurization system, The pressuriza-
tioncontrol solenoid valve did not open when required
during & portion of the flight.

The overall performance of the SA-10 guidance
and control systems was satisfactory. Vehicle re-
sponse to all signals was properly executed including
roll maneuver, pitch program, and path guidance (uti-
lizing the iterative guidance scheme) during the S-IV
stage flight.

Path guidance was initiated at 18.13 seconds afier
separation, Performance of the iterative guidance
mede inthe pitch plane and delta minimum in yaw was
satisfactory in achieving insertion conditions very
near those desired. The total space fixed velocity at
S$-IV cutoff measured by the ST-124 guidance system
was 7592. 02 m/s (7591, 96 m/s was programmed for
velocity cutoff}, compared to a velocity of 7591,50
m/s determined from tracking, The difference be-
tween tracking and guidance was well within required
tolerances,

Separation was executed smoothly withsmall con-
trol deviations. Separation transients were relatively
small and well within design requirements,



Separation of the Apollo shroudoccurred at812, 10
seconds, functioning as planned.

The SA-10vehicle experienced maximum bending
in the pitch plane at 74.2 seconds. A maximum static
moment of 655,901 N-m was experienced at station
23,8 m (936 in). The structural flight loads on SA-10
were generally as expected and no Pogo effects were
apparent, The vibrations observed on SA-10 were
generally within the expected levels and compared well
with SA-8, There was no evidence of S-1/S-1V inter-
stage structural degradation during separation,

The measured pressure and temperature environ-
ment on the S-1 and S-IV stage of SA-10 were gen-
erally similar to those measured on 8A-8. Calorime-
ters were flown for the second time on the engine bell
and aspirator surface of engines 3 and 7. The heating
rates from these calorimeters were higher on SA-10
thanon SA-9and more nearly represent the actual en-
vironment,

The clectrical system of SA-10 vehicle operated
satisfactorily during boost and orbital phases of flight
and all mission requirements were met. The long life
hattery in the Instrument Unit (IU) provided power 1o
the Pt and F6 telemetry links for 140 minutes, which
well exceeds the one orbit requirement.

Overall reliability of the SA-10 measuring system
was 98,8 percent, considering only those measure-
ments active at liftoff, There were 108 measure-
ments active at liftoff of which 12 failed during {light.
All airborne tape recorders operated satisfactorily.
The onboard TV system for SA-10 wascancelled prior
toflight. The altimeter system andassociated return-
pulse-shape experiment failed to operate. The MIS-
TRAM transponder failed at 63 seconds of flight and
provided no usable data.

The photo/optical coverage for SA-10 was good.
However, downrange cloud conditions prevented all of
the 10.2 m (400 in) and 12.7 m (500 in} focal length
cameras {rom recording usahle data,

The Pegasus C spacecraft performance was sat-
isfactory. At approximately 640,252 seconds, the S-
IV stage, Instrument Unit, Apollo shroud and Pegasus

were inserted into orbit with no appreciable pitch,
yaw, or roll rate. The Pegasus wing deployment and
all spacecraft systems worked properly and all meas-
urements were initially within their predicted limits,
A roll rate started to build up after wing deployment,
as expecled, and reached a maximum of 6.3 deg/s, as
compared to 6.5 deg/s for SA-8 and 9.8 deg/s for
SA-9,

1,2 TEST OBJECTIVES
Primary objectives

1, Collection and evaluation of meteoroid data in
near earth orbit - Achieved:

a. Determination of meteoroid penetration of
satellite panels for three thicknesses of aluminum.

b. Measurement of satellite's radiation en-
vironment and panel temperature to evaluate the va-
lidity of hil data,

¢. Determination of satellite's position and
orientation relative to time of hit occurrence,

2. Continued demonstration of launch vehicle it-
erative guidance mode and evaluation of system ac-
curacy - Achieved

Secondary objectives

1. Evaluation of the functional operation of the
Pegasus meteoroid technology satellite's mechanical,
structural, and electronics subsystems - Achieved

2. Evaluation of 8-IV/IU/Service Module adapter
(SMA) exterior thermal control coating - Achieved

3, Evaluation of boilerplate Command Module
{CM) /SM separation from the 8-1V/IU/SMA - Achieved
4, Evaluation of the S5-IV stage nonpropulsive
venting system - Achieved.
1.3 TIMES OF EVENTS

The times of eventis for SA-10 are contlained in
Table 1-I.



TABLE 1-I, TIMES OF EVENTS

ftange Time {sec) Predicted Time Bases
Eventl Acug | pregiewd | act-pred Time trom | Time trom Guid, | Time from Tnnv:. frony -1V
=t Mution | Zera « Ty OCECO 1 TH 35 | Cutef! \TB 4
First Mation o, 4y - - [0
LO Signal tUmb Dise) T - - -
Guidance Deteets LO KRS - -
Guidance Compules Zero Time tTi TR - - - [}
firukes Released ¥, 47 a7 - - i
Patch Commuard Bo2n i, 24 (] - w04
1ol Commaunt! a.d [ -
Roll Completed 14,49 14,44 u - 15,7
Lock Atodules HRE RTINS A u - 138020
Level Scuse (TB 2) 4, 42 STy 41,52 - -T.n0
IECQ 42,22 144,08 -1 [E R - -G,
QECO 45, 32 1150, 01 164 ¥ F v - [}
Compuler Detects OECO (TB 3y -1 Gy - - U]
Ulluge Rockels [ghile THL s fLau, T2 ~1.6Y - - 0,71
Separalion/ Relro [gnition Signai 134 1% |150, 82 - - eS|
Open 8-1V Accumululors 149,83 |151, 62 -1, 64 - - 1,01
S5-IV Start Command 150, w3 f102. 02 ERR i) - - 2,31
Signul o Jettison Ullkge/ LES L 13 |Lhz, 82 -§, 64 - - 12, 01
Introduce Guidance 167, 26 (:(f"' 1‘—’) - - s 410, 04
§Y. UG
S5-IV Guidance Cuteft Signul 630, 25 432, Bn - - -i, 69
Compuler Bense S-IV CO 1 TB Ay 630, 94 |63, 26 -2, 32 - - - [}
Insertion 640,20 |64, 57 RPN G2, 08 - -
Close Auxibiury NPV Ports SRRV Y B iy -0 1T - - - 179,91
Initdal Pugnsus Forward Restraial Scp, w12 00 [814,17 -2, T - - - 180, 9t
Initiate Apollo Shroud Sep. alz, Lo (g4, 27 -3.17 - - - 155,01
Initiate Pugum_m Wing Reslraint and 87200 |874. 2T T R B 24101
Energize Wind Deployment Molurs
End Wing Deployment (moors siop) il 46 (927 -2, 87 - - - 251,01

Note: Hunge cero occurred at 13:00:00 ZULU time.

T Time Base 2 (Low Lew




SECTION IL

This reportpresents the results of the early engi-
neering evaluation of the SA-10 test flight, Perform-
ance of each major vehicle system is discussed with
special emphasis on malfunctions and deviations.

The reportis published by the Saturn Flight Eval-
uation Working Group, comprised of representatives
from all Marshall Space TFlight Center laboratories,
John F. Kennedy Space Center, MSFC'sprime contrac-—
tors for the S-1 stage {Chrysler), the S5-IV stage

INTRODUCTION

{ Douglas), andthe [U stage {IBM), andengine contrac-
tors (Rocketdyne and Pratt & Whitney), Therefore,
the report represents the official MSFC position at this
time. This report will not be followed by a similarly
integrated reportunless continuedanalysis or new evi-
dence should prove the conclusions presented here
partially or entirely wrong. Final evaluation reports
may, however, be published by the MSFC laboratories
and the stage contractors covering some of the major
systems or special subjects as required.
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SECTION III. LAUNCH OPERATIONS

3.1 SUMMARY

SA-10 was the second Saturn launch that required
no technical holds, All operations were normal and
the only hold was the 30-minute built-in hold, This
was not needed but was used to make launch time co-
incident with the beginning of the launch window at
8:00 AM EST.

Two minor anomalies were detected during the
countdown operation, A leak developed in the flex
connection between the fixed LOX overland line from
the storage facility and the S-I fill mast, and a sepa-
ration of the environmental control system ducl to the
Pegasus occurred at the umbilical tower, Both prob-
lems were corrected without impact on the countdown,

Surface wind conditions were much higher than
normal. The wind speed prevalent in the hour pre-
ceding launch was 9.3 m/s (18 knots) at a height of
24 m, This high surface wind condition resulted in a
LOX short load of approximately 725 kg (1600 lbm).

The ground support equipment sustained consid-
erably more damage than on any previous launch.

3.2 PRELAUNCH MILESTONES

A chronological summary of events and prepara-
tions leading to the launch of SA-10 is shown in Table
3-1.

3.3 ATMOSPHERIC CONDITIONS

Launch day weather conditions weresatisfactory.
High surface winds were prevaient in the hour pre-
ceding launch but were not above the design wind lim-
itations, Some specific atmospheric observations at
launch were:

1. Surface winds - mean wind speed for one min-
ute was 6.2 m/s with gusts up to 9.8 m/s from 210-
degree azimuth

2. Cloud coverage - 0,5 cirrus at unknown alti-
tude, 0.2 alto-cumulus at a base height of 3050 m, and
0.1 cumulo-nimbus at a base height of 460 m

3. Ambient pressure - 10, 163 N/cm?

4, Ambient temperature - 299, 8°K

5. Relative humidity - 71 percent

6. Visibility - 16 km,

3.4 COUNTDOWN

The launch countdown for SA-10began Wednesday,
July 28, at 11:20 hours at T-1005 minutes. No diffi-
culties were encouniered and the count was held at
T-605 minutes at 18:00 hours as planned, Countdown
was resamed July 29 at 21:25 hours. There were no
interruptions in the count until the planned 30-minute
hold at T-30. However, a problem did exis{ in the 8-1
stage LOX fill line on the launcher, A leak developed
in the flex connection between the fixed LOX overland
line from the storage facility and the §-I fill mast,
Minor countdown work-arounds were made to allow
for replacement of the flex connection, A separation
of the environmental control system ductto the Pegasus
payload occurred on the umbilical tower. Reconnec-
tion of this line was made without the impact on the
count,

At the time of launch all mandatory range and
field instrumentation was classified at "Go" with the
exception of one 8- hydraulic temperature measure-
ment which failed earlier in the count, Since this was
considered a red line measurement, a waiver for de~
letion of this measurement was required and granted
by MSFC.

3,5 PROPELLANT LOADING
3,5.1 S8-1STAGE

The function of the S-I stage propellant loading
systemistotank accurately the LOX and fuel required
to achieve flight mission objectives. The propellants
required are based onproputsion performance obtained
from simulated flight predictions.

The weight of LOX tanked by the loading system
for a given pressure value is primarily dependentupon
wind speed during loading. Forced air currents around
the LOX tanks cause temperature stratification within
the LOX columns and increased boilolf at the surface.
Also, & higher ullage pressure is present in the outer
tanks because vaporized LOX flows through the inter-
connect to the center tank before being vented to the
atmosphere, This ullage pressure differential re-
sults in the outer LOX levelsbeing lower than the level
in the center tank, Since the LOX loading system is
connected only to the center tank, a difference exists
between the actual LOX weight and the apparent weight
based on the density and height of the LOX column in
the center tank. This weight decrement, ar short
load, is shown with respect to wind speed in Figure
3-1,



TABLE 3-I. 8A-10 PRELAUNCH MILESTONES

Date Event
May 31, 1965 §-I-10 arrived via barge {S-IV-10 arrived 5/10/63),
June 1, 1965 IU arrived,

June 2, 1965

June 8, 1965

June 9, 1965

June 21,
June 22,
June 25,
June 29,
June 30,
July 6, 1
July 8, 1

July 9, t

July 12,
July 13,
July 15,
July 20,
July 23,
July 26,
July 27,
July 28,
July 29,

July 30,

1965

1965

1965

1965

1965

963

965

965

1965

1965

1965

1965

1965

1965

1965

1965

1965

1965

S-1 erection complete,

S-1V erected.

IU erected. All umbilical connections complete.
SM and SM adapter arrived.

Pegasus C arrived,

Pegasus C deployment test completed.

CM and LES arrived.

S5-1 and S-IV full tank pressure tests compleled.
Pegasus C, SM, CM, and adapter erected,

LES erected,

Swing arm, plug drop OAT systems tests completed with satisfactory quick-look
results.

Q-ball installation complete. All ordnance instzllation complete,
Simulated L.OX and LH, loading tests completed with satisfactory results.
Launch vehicle cryogenic tanking test completed.

Flight readiness test completed.

RP-1 loading completed,

Countdown Demonstration Test, Precount.

Countdown Demonstration Test, Count.

Countdown Precount start 1120 and 1800,

Begin Launch Count 2125,

Liftoff scheduled for 0800,
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FIGURE 3-i, EFFECT OF WIND SPEED ON LOX

LOAD

Environmenial conditions for the time of SA-10
launch were forecast from meteorological data. These
were used to establish propellant leading criteria that
would permit a constant S-I stage weight to be main-
tained for the allowable range of fuel temperature.
The S-I-10 propellant loading tables were generated
to provide the differential pressure values necessary
for the loading computers o tank the LOX and fuel re-
quired for the actual fuel density at launch, The dii-
ferential pressure values given in the loading tables
compensate for the LOX short load at the predicted
launch wind speed of 3.6 m/s (7 knots) based on the
mean surface winds for the month of July, The right
scale of Figure 3-1 shows that as wind speed varies
from the predicted value, the actual LOX weight is
either more or less than the weight indicated by the
LOX loading system,

The total S-Ipropellant weights are listed in Table
3-11, Predicted propeliant weights used to determine
S5-I stage performance were basedon nominal LOX and
fuel densities established [rom environmental condi-
tions expected at launch, The propellant weight re-
guirements at ignition are based on the nominal LOX
density andthe actual fuel density at S-1 stage ignition,
Average fuel density at ignition, determined from fuel
temperature intanks F1 and F3 together with the den-
sity manometer reading in tank F4, was as predicted.

Propellant loading system weights listed in the
table were determined from the manometer readings
immediately prior to propellant system pressuriza-
tion. The fuel manometer value indicated the fuel
weight to be only 68 kg (149 lbm) more than required
for the fuel density at ignition. The LOX manometer

value indicated the LOX weight to be only 69 kg (151
lbm) less than required for a 3,6 m/s (7 knot) wind
condition at ignition. However, the wind speed prev-
alent in the hour preceding launch was approximately
8.7 m/s {16,9 knots), Figure 3-1 reveals that for
this wind speed the actual LOX weight should be ap-
proximately 816 kg (1800 ibm) less than indicated by
the loading system.

Reconstructed weights shown in the table were
determined from telemetered probe data in conjunc-
tion with the Mark IV computer program reconstruc-
tion of propellant consumption during holddown. The
reconstructed fuel weight is within 136 kg (300 lbm)
of the weight required at ignition, The reconstructed
LOX weight is 725 kg (approximately 1600 lbm) less
than required at ignition due to the high winds.

3.5.2 S-IV STAGE
3.5,2.1 LOX

The LOX system was successfully loaded
with LOX by cooling down and filling in two phases:
main fill and replenish, The automatic LOX loading
system, in conjunction with the LOX main fill pump,
was successfully utilized for loading the LOX tank.
S-IV stage LOX system precool was inidated by start-
ing the LOX system precool timer 4 hours and 9 min-
utes prior to liftoff, The LOX vent valves remained
open throughout the loading operation. The LOX trans-
fer line was precooled for approximately 8 minutes
prior to the initiation of LOX main fill, which occurred
when approximately 318kg (700 lbm) of LOX had been
filled into the tank. The LOX main fill line pressure
reached a2 maximum of 147 N/cm? (213 psi) and sta-
bilized at 141 N/cm?® (204 psi), At approximately the
4-percent level, a stabilized loading rate of 0,0454
m3/s (720 gpm) was achieved. This loading rate was
maintained until the 99-percent mass level was at-
tained at approximately 21 minutes after the initiation
of LOX transfer line precool. At this level, the load-
ing system secured the main fill pump and closed the
main LOX fill valve as scheduled,

After countdown of the S-1 and 8-IV LOX replen-
ish system was completed, the LOX replenishing op-
eration was initiated 2 hours and 25 minutes prior to
liftoff. During this operation, the LOX in the tank was
allowed to boil off to the 99, 5-percent level, It was
replenished to the 99.75-percent level at a rate of ap-
proximately 0,0126 m3/s (200 gpm). This replenish-
ing cycle continued until the start of the 150-second
automatic count, At this time, the tank was pressur-
ized, and final LOX replenishment was completed.
The fill valve was closed manually when the loading
panel observer noted that the fill valve had not been
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TABLE 3-1I, S-1-10 PROPELLANT WEIGHTS AT IGNITION COMMAND
Weight Requirements Weight Indications Weight Deviations (3)
Propellant Pred, Prior Ignition AP Loading Reconstructed AP Loading |} Reconstructed
to Launch (1} (2) System (3) (4 (To} { %)
LOX (kg) 279,795 279,79 279,726 279,070 68 -0.02 | =725 -U. 206
(!bm} 616, 842 16, 842 616,691 615,244 -151 -0.02 [ -1598 -0.26
Fuel (kg) 125,248 125,248 125,316 125,376 67 0.05 128 0. 10
{1bm) 276, 124 276,124 276,273 276,407 149 0,05 283 Q, 10
Total (kg} 405, 043 405, 043 405,042 404, 446 -1 0.00 =597 -0.15
{tbm} 892, 966 892, 966 892,964 891,651 -2 0,00 §-1315 -0,15

(1 Predicted propellant weights were based on a LOX density of 1129.78 kg/n13 {70. 53 lbm/{t%} and o fuel

density of 804. 77 kg/m® (50, 24 1bm/tt}) .

(2) Propellant weights required at ignition are based on 4 LOX density of 1129, 76 kg/m® (70,53 Ibm/ft%) and u
fuel density of 804.77 kg/m? (50.24 lbm/ft’) determined immediately prior to launch,

(3) Propellant weights indicated by the loading system are based on pressure readings immediately prior to

propeliant system pressurization,

(1) Reconstructed propellant weights are based on discrete probe data in conjunction with the Mark IV recon-

struction.

(3) Weight deviations are referenced ic weight reguirements at ignition.

automatically commanded to close at the 100-percent
LOX level. The manual closing of the valve resulted
in a LOX overload of 143 kg (316 lbm), The LOX load
indicated by the PU system at liftoff was 38,339 kg
(84,524 lbm),

3.5.2,2 LH,

The fuel system was satisfactorily loaded
with LH, by cooling down and filling in four stages:
initial fill, main fill, replenish, and reduced replen-
ish. The automatic fuel loading system was success-
fully utilized for loading the L.H, tank. Loading of L.H,
into the S-IV stage was initiated { hour and 48 minutes
prior to liftoff.

The LH, transier line had been precooled for ap-
proximately 10 minutes prior to the initiation of LH,
initial fill. Cooldown of the LH, transier line was ac-
complished through the helium precool heat exchanger
and the stage LH, tank, Initial fill was accomplished
with an LH, replenish line pressure of 16 to 19 N/em?
(23 to 28 psi), and with the LH, tank venis open, The

initdal fill rate was 0,0295 m%/s (467 gpm). Moni-
toring of the LH, tank ullage pressure during this ini~-
tial fill operation revealed that the tank pressure did
not decrease below the prefill ambient pressure, At
the 16-percent mass level, main fill was initiated, and
the rate increased to 0.121 m%/ s (1915 gpm). When
the 96-percent level was reached 33 minutes after the
initiaionof LH, precool, the mainfill vaive was closed
manually, LH, repienish was then initiated manually,
and the LH, loading system was placed in the auto-
matic mode, The LH, level then cycled between the
99,25-percent (reduced replenish position) and the
99, 5-percent mass level (replenish closed position).
This replenishing cycle continued until the start of the
150-second auiomatic count, The fuel load indicated
by the PU system at liftoff was 7790 kg (17, 174 lbm),
3.5.2.3 COLD HELIUM

Prior to the initiation of LH, loading, the
cold helium spheres were prepressurized to 621 N/em?
{900 psi) to prevent the spheres firom collapsing as
they cooled down during theinitial part of LH, loading,




Cold helium loading was initiated approximately
87 minutes before launch. After the spheres were
submerged at approximately the 75-percent LH, mass
level, the pressure was increased to, and maintained
at, 2068 to 2103 N/cm? (3000 to 3050 psi). The de-
sign load temperature of 33,3°K at a pressure of 2068
N/cm? (3000 psi) was attained approximately 55 min-
utes following the iniiiation of LH, loading, Al liftoff,
the spheres were charged to 2146 N/em? {3112 psi) at
22,7 K.

3.6 HOLDDOWN

All combustion stability monitoy (CSM) systems
performed satisfactorily during launch of SA-10. The
maximum and average vibration levels are recorded
below,

e Max G's Average G's
Eng, No. | Meas. No. (RMS) (RMS)
1 XE-57-1 25 15
2 XE-57-2 20 12
3 XE-57-3 22 13
4 XE-57-4 30 16
5 XE=-57-56 45 14
6 XE-57-6 13 10
7 XE-57-7 40 13
8 XE-57-8 25 14

3.7 GROUND SUPPORT EQUIPMENT

3.7.1 MECHANICAL GROUND SUPPORT
EQUIPMENT

The postlaunch evaluation of the operational
ground support equipment systems revealed that con-
siderably more damage was incurredthan on any pre-
vious launch, Damage to the launcher, engine service
platform, holddown arms, environmental control sys-
tem, pneumatic distribution system, and firing ac-
cessories was considered normal, with more damage
to that equipment located north of the launcher center
line,

The cable trays onthe north side of the umbilical
tower at the 10.7 m (35 feet) level were damaged ex~
tensively and many of the cables badly burned. There

was considerably more damage to the swing arms than
has occurred previously, particularly tlex hoses, elec-
trical cables, and ECS ducts, The greater damage
sustained by the swing arms was due to a steady 9.3
to 11,3 m/s (18 to 22 knot} wind blowing from the
south/southwest, Scheduled refurbishment of launch
complex 37B minimizes the impact of the damage.

3.7.2 ELECTRICAL SUPPORT EQUIPMENT

The electrical support eguipment responded
and performed normally during the SA-10 countdown
and automatic seqguence.

No damage was sustained by any functioning hard-
ware other than the tower cabling, which was burned
excessively during liftoff,

3.8 BLOCKHOUSE REDLINE VALUES

Blockhouse redline values are limits placed on
critical engine and vehicle parameters to indicate safe
conditions for ignition and launch. These measure-
ments are monitored in the blockhouse during count-
down. When a redline value is exceeded and a condi-
tion deirimental to the mission is indicaled, the
countdown is halted and disposition is made, If the
prohlem is not considered detrimental to mission suc-
cess, the countdown is continued. If the problem is
of a more serious nature and cannot be corrected in
time to continue the countdown after a short hold, the
launch is aberted and rescheduled.

All values are within the redline limits and ne-
cessitated no holds for the Saturn SA-10 counidown,
An S-1 hydraulic temperature measurement failed
early in the countdown and was waived by MSFC
through the launch information exchange facility
(LIEF).

Review of the SA-10 launch films revealed that
the GH, vent disconnects on swing arm 3 operated
properly at liftoff. Therefore, it has been concluded
that the malfunction which occurred on SA-8 was prop-
erly corrected. Thecorrection was made by increas-
ing the pneumatic actuator pressure, which in turn
increased the force available to achieve separation of
the GH, vent disconnects,
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SECTION IV, MASS CHARACTERISTICS

4,1 VEHICLE MASS

The totalvehicle mass was 511,159 kg (1, 126,913
lbm) at first motion; 62,583 kg (137,972 lbm} at 5-
IV ignition and approximately 10,324 kg (22, 761 lbm/}
in orbit (dry weight afier Apollo separation). Table
4-1 is a vehicle mass breakdown at significant tlight
events, A flight sequence summary is given in Table
4-[1. The predicted mass data presented in this sec-
tion are derived from Reference 1, The propellant
masses presented in the tables refer to total amount
down toandincluding the propellant masses in the en-
gines. The S-IV stage masses are based on a com-
posite of engine analysis and PU system analysis, and
are considered the best estimate from the composite
standpoint. The bestestimate of the total second flight
stuge as determined from the flight simulation analy-
sis is presented in Section VI and is considered the
best estimate from the consumption standpoint,

4.2 VEHICLE CENTER OF GRAVITY AND
MOMENT OF INERTIA

Longitudinal and radial center of gravity, and
roll, pitch, and yaw moments of inertia are given in

[ ST G Lin
5-3I% Burr Time {<ud)

FIGURE 4-2.

Table 4-1II. The parameters and mass are plotied
versus burning time in Figures 4-1 and 4-2,

i L

e e e

! T

P \\
FIGURE 4-1. VEHICLE MASS CENTER OF

GRAVITY AND MASS MOMENT OF INERTIA
FOR 8-1 STAGE

Mass (kg)
ROy 160

VEHICLE MASS CENTER OF GRAVITY AND MASS MOMENT OF

INERTIA FOR S-1V STAGE
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TABLE 4-1, VEHICLE MASSES
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TABLE 4-1I. SA-10 FLIGHT SEQUENCE MASS SUMMARY

ACTUAL PREDICTED
MASS HISTORY
kg, (1bm) kg (lbm)

§-1 Stage ¢ Ground Ignition 453,288 940 329 433,893 1,000,663
$-1/6-1V Interstage  Ground Ignition 1,005 2,415 1,100 2,426
§-IV Stage 7 Ground Ignicion 53,007 116,860 52,824 116,457
Yehicle Instrument Unit ° Ground Ignition 1,215 2,678 1,208 2,063
Pavload @ Ground Ignition 8,743 19,274 8,739 19,267
i1st Flight Stage ©* Ground Ignition 17,348 1,140 556 517,764 1,141,476
§-1 Thrust Buildup Propellants -6, 189 -13, 643 -6,05%6 -13,1352
lst Flight Stage * First Motion 511,159 1,126,913 511,708 1,128,124
-1 Mainstage Propellants -361, 545 -§63,209 -392,331 -864 ,943
$-1 Frost ~654 -1,000 454 -1,000
$-1 Fuel Additive -294 -560 -256 -5b6
5.1 Lube 0il {Dronite) -11 =24 -11 A
§-1 Ny for §-1v Tail Purge -83 -183 -41 -90
5-1 Envirommental Contral -172 -179 -172 -379
S-1 IETD Propellants ~960 -2,116 =945 -2, 081
Seal Purge -4 -10

S$-1/8-1V Interstage Environmental Cortrol -123 -273 -123 -27%
S-1IV chilldown LOX =40 -85 =55 ~121
S-IV Chitldown LH:> -132 -281 -107 -237
$-1V Frost -5 -10 -41 -390
Payload Environmental Control -137 -302 -137 -302
st Flight Stage @ Cutoff Signal 117,239 238,468 117,03% 258,018
5-1 N2 for S-IV Tail Purge -9 =20 -4 -10
5-1 OETD Propellants (To Separation) -691 -1,523 -671 -1,479
5-1IV Chilldown LOX -3 -7 -6 - 11
§-1V Chilldown LH» -3 -6 -2 -5
5-1V Ullage Rocket Propellants -7 -4 A .8
lst Flight Stage = Separation 116,531 256,207 116,348 256,301
S-1 Stage @ Separation -52,917 ~116,663 .52,952 -116,739
S-1/5-1V Interstage 2 Separation -972 -2, 142 -977 -2,153
S-IV Chilldown LOX -12 -26 -13 -28
§-1V Chilldown LH» -7 -16 -4 -10
$-1v Ullage Rocket Propellants -40 -88 -63 -138
2nd Flight Stage -7 lgnition 62,583 137,272 62,339 137,435
S5-IV Mainstage Propellants#® -45,388 -100,064 45,319 -99,903
S-IV Helium Heater Preopellants -11 24 LIl <24
S-1V Ullage Rocket Propellants -68 -150 -44 -97
S-IV Ullage Rocket Cases -126 -277 -130 -286
Launch Escape Svstem -1,33¢9 -2,953 -1,313 -2,895
2nd Flight Stage = Cutoff Signal*¥ 15,651 34504 15,526 34,230
$-IV Thrust Decay Propellants -11 ~24 -11 -24
S-1v Propellants Below Pump Inlets -19 -42 -19 -42
2nd Flight Stage & End of Thrust Decay®* 15,621 34,438 13,496 34,164
Orbital Flight Stage (After Apollo Sep) 10,324 22,761 16,323 22,758

* Includes Thrust Buildup Propellants (to 90% thrust)
*% Predicted Values are for a Depletion Cutoff

Note: TIETD - Inboard Engine Thrust Decay
QETD - Outboard Engine Thrust Decav

TR P
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SECTION V, TRAJECTORY

5.1 SUMMARY

The actual trajectory of SA-10 was very close to
nominal. The total velocity was 9.8 m/s higher than
nominal at OECO and 1. 06 m/s lower than nominal at
S-IV cutoff. AtS-IVcutoff the actual altitude was 0. 04
km lower than nominal and the range was 1. 33 km less
than neminal, The cross range velocity deviated 6. 62
m/s to the ieft of nominal at S-IV cutoff,

A theoretical free flight trajectory of the sepa-
rated S-I booster indicates that the impact ground
range was 8.0 km longer than nominal. Impact, as-
suming the tumbling booster remainedintact, occurred
at 725, 8 seconds.

The $-IV payload at orbital insertion (3-IV cut-
off + 10 seconds) had a space fixed velocity 0.7 m/s
less than nominal, yielding a perigee altitude of 528.8
km and an apogee altitude of 531, 9 km, Estimated
orbital lifetime was 720 days, 5 days less than nomi-
nal,

5.2 TRAJECTORY COMPARISON WITH NOMINAL

Actual and nominal altitude, range and cross
range (Ze) are compared graphically in Figure 5-1
for the S-1 phase of flight and inFigure 5-2 for the S-
IV phase. Actual and nominal total earth fixed veloc-
ities are shown graphically in Figure 5-3. Compari-
sons of the actual and nominal parameters at the three
cutoff events are shown in Table 5-I. The nominal
trajectory is presented in Reference 2.

m)

FIGURE 5-1, 8-1 TRAJECTORY
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FIGURE 5-3. EARTH FIXED VELOCITY



TABLE 5-1. CUTOFF CONDITIONS

. ECO S v Co
lEeo ke tGuidience Signal)
Purameter
Actual Noeminul | Act-Nom Actat [ Nominal Act-Nom Actwd | Neminal Act-Nom
Runge Time isec} 142, 22 14, 01 -1.79 14n, 32 160, 01 -1.uh G, 23] 632, a8TH BN MR
Altitude (km) TO.82 T 12 0. 20 »0, 50 Hy, Y4 Qo G40, 7L 0,75 -0, 04
Range tkney GT. UL [HE e | BURE 31 T, dn TH.70 Q.32 1nd2, nn | 184320 1.4
Cross Range, 72, (km} -y 2z u. 31 -U, 3 -0, 14 u. 37 —th Ol 465, 0 46,40 0,50
©
Cross Tange Velucity, / {ny' ) B, 47 10, 4% -1.91 fu, 2z 11,97 LR ] 221, 4k ERRNNG S RV
i u

Eartn Fixed Velueily tm/s) Q564,40 | 2506, uT T.02 AP T 2714087 HATY T1a0, du [ T151. 66 -1 U6
Earth Fixed Velocity ) .

Vecotwr Elevation (deg) S0 016 35, THT L Rarpety] Un. B9 3T, 4ES U, TLh [OTIE) [Tt u, uix
Eurth Fiaed Veloeity o

Vector Azimuth ¢deg) a5, e G5, B9G -0 05 Y0, T3 43, 7x1 -4, U6 103, 374 105, 354 -, ULy
Space Fiaco Velooily (my/s) RESTE N I AT [T £, 46 30aN. 0D SUSLT [ Thul, 41 ToUIL b RN TR
Potal Inertul Accelerabon tm/s%) G0, 28 59, Y5 [T a0 RO 1,24 25,28 2.5 -u. 3

Based on First Molion Time of G, 49 secomld,
QECO
S5-IV O

Altitude und range were greater thannominal dur-
ing S-I and S-IV burn. The actual earth fixed velocity
wus Y, 8 m/s grealer than nominal at OECO. The lon-
gitudinal ucceleration was slightly higher than nominal
for the S-Y and S-IV stlage operations (Fig. 5-4).

The S~IV stage cut off 2. 32 seconds earlier than
nominal; considering a 1, 69-second early $-] stage
cutolf, the S-IV stage had a 0, 63-second shorter burn-
ing time. The actual space fixed velocity at the S-IV
cutolf signal, given by the guidance computer (630.252},
was 0.5 m/s less than nominal, Slightly higher than
nominal 8-1V stage thrust and flowrate, along with the
excess S5-I cutoff velocity, account for the early S-IV
cutoff,

Mach number and dynamic pressure are shown in
Figure 5-5, Thesc parameters were calculated using
measured meteorological data 1o an altitude of 55 km.
Above this altitude the U.S, Standard Reference
Atmosphere was used,

Comparisons of actual and nominal parameters
at significant event times are given in Table 5-11.
Apex, loss of telemetry, and impact apply only to the
discarded S-1 stage,

The 8-1V cutoff signal was given by the guidance
computer at 630,252 seconds; however, the solenoids
for the propellant valves on the S-IV stage did not
receive the signal until 0. 022 second later, The ve-
locity increments imparted to the vehicle subseguent

Eirth Fixed Velocity Aceuracy

U3 m s
c o mfs

Tatal fieEtial Ao

Altitade Accuracy
OECO = 3Um
S-IV Cu £ v m

TES

FIGURE 5~
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TOTAL INERTIAL

Rauge Tim 60 )

ACCELERATION
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TABLE 5-11. SIGNIFICANT EVENTS

Event Purameter Actual Nominul | Act-Nom
First Motion Range Time {sec) 0,44 0.4y 0. UG
Total Inertial Acceleration (m/s?) 12,495 12, w2 U. 13
Mach 1 Runge Time (sec) 54, 8US 31, 766 U, u3h
Altitude (kny 7.22 v.27 -0, U5
Maximun Dynamic Pressure Range Time (sec) 65,75 67. 49 1,20
Dynamic Pressure (N/cm?) 3,418 3,267 6. 151
Altitude {(km) 12,23 11,54 0. 6Y
Muximum Total Inertdal Range Time (sec¢) 142,32 133,11 -1, 7y
Acceleration (S-1 Stage) Acceleration (m/s?) GO, 40 60, U7 0,33
Muaximum Earth Fixed Velocity Range Time (sec) 148,05 150, 31 -1,
(S-1 Stage) Velocity (m/s) 2730, 7 2724015 [N
Apex (5-1 Stage) Range Time (sec) 333.0 35009
Altitude thm) 2618V 254, 06
Runge (km) 189, 52 485, 85
Earth Fixed Velocity (m/s) 2041, 7 2038, ¢
Luss ol Telemetry Range Time (sec) aT2.0 272 v 0.0
(3-] Stagey Aldtude (km) G5, U 2.4 12,0
Range (km) g2y, 2 Y34, 5 -3.86
Total [nertial Acceleration [ m/s?; -4, 15 -3.20 G, U7
Elevation Angle from Pad {deg) -0 32 -1.07 0.75
lmpuct (3-] Stage) Range Time {sec) T2o, 8 T20. 3 BN
Range (km) 985, 4 Yyt 4 5. U
Cross Runge (km) 158 19. 6 -0 b
Geodetic Latitude (deg) 27, 1458 27,2419 -0, U6 1
Longitude (deg) 70, 5699 70,7510 | -Q, 0811
Maximum Total Inertial Ruange Time {sec) 634, $5 632, 65 -2.34
Acceleration (S-IV Stage) Acveleration (m/s?) 23,25 25, 55 SRR
Maximum Euarth Fixed Itunge Time (sec) 630,55 632, BE -2, 33
Velocity (5-IV Stage) Velacity {m/s) 7153, 85 T1od, 45 -y, 63

to the guidance cutoff signal are given below for the
S-1 and S-IV stage at OECO and S-IV guidance cuteff,

e e respectively.

i é VELOCITY GAIN (m/s)

,EA: Event Actual Nominal
=: OECO 5.3 5.3
i S5-IV CO 2,9 a1
I
|
|
I
I
|

A theoretical free flight trajectory was computed
for the discarded S-I stage using initial conditions

R

from the reference trajectory at separation, There
was no tracking coverage of the discarded S-I stage on

FIGURE 5-5. MACH NUMBER AND DYNAMIC SA-10. A nominal tumbling drag coefficient was as-

PRESSURE

sumed for the reentry phase. The calculated impact



location relative to the launch site is shown in Figure
5-6, Table 5-III presents the booster impact location
from the actual and nominal free flight trajectory.
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C (812 seconds range time). The magnitude anddiree-
tion of this impulsc were determined from the tele-
metered output of the guidance system.

The maximum variations, considering all solu-
tions made, in position and velocity components from
the insertion parameters quoted were 200 m in posi-
tions and 0.5 m/s in velocities.

Table 5-IV shows a comparison between the ac-
tual and nominal orbital insertion elements. The
tracking residuals which represent the differences be-
tween the actual tracking observations and the obser-
vations calculated for the orbitdefined by the insertion
elements given in the tabulation were of the magni-
tudes experienced on previous Saturn flights, The
average residual errors of the range measurements

FIGURE 5-6. BOOSTER TRAJECTORY GROUND were approximately 12 m and of the azimuth and cle-
TRACK vation measurements approximately 0. 02 degree.
_ BO . TABLE 3-IV. INSERTION ELEMENTS
TABLE 5-III. BOOSTER IMPACT COMPARISON
Parameler Actuul (Cale) Nominul ACL-Nom Event Attual Nom sl Avl-Nom
Surfuce Range® (km) 985, 4 977.4 5.0 Time of Orbital In=crtion 640, 200 [C E ) EERSEN)
¢ Range Time see)
Cross Range (kmy 18. & 19,6 -0 B
Spuce Fised Velocily (mea) Towd, 3 Tiun, v -0 T
Geodetic Latitude {deg) 27, 1958 27,2019 -u.uuel
Flight Puth Angle {deg) U, UL VLD 1) U, uusu
Longitude (deg) 70. 669Y 70,7510 -U.uBll
Altitude (km) 535, 7 S4a. 7 o
Hange Time {sec) 75,8 T20.3 5.5
Groumt Range (kmy 19ds, 0 PRR LI -2
“ Surface range 1s measured from laench site.
Cruss Range (kmy R EEIE -0, 3
Cross Runge Veloeity 0y s) 225,77 22, 4 ~U.u
5.3 INSERTION CONDITIONS . it . . i oo
Apugey S ude ([ ] 53ty wiloy .
(S-IV CUTOFF + 10 SECONDS) b AT T
Pergee Altitade vy ™ EREYE Sl 6 i~
_lnsertioncondmon solutions were made using the Penod (min o o o
Antigua and Grand Turk datz at insertion, the Car-
narvon downrange tracking, and the Merritt Island and Inclinatior: {deg) 2200 28. 58 u.
Ascension tracking on the return pass over the Cape Exeess Circular Veloeily qimsy -Un -U. 1 R
area. The data were used in various combinations
: ; . . . ifetime (davs Ty 725 -3
and solutions solving and not solving for effective drag,. Pafetime (duss ’

in addition the orbital ephemeris, which was used to
generate the predicted tracking, had a velocity im-
pulse of approximately -0.3 m/s applied at the sepa-
ration time of the Apollo shroud from the S-1V/ Pegasus

The apugee wkl perigee altitudes are refereaced g spherical carn
radius G378, 163 km.
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SECTION VL
6,1 SUMMARY

The performance of both the S-I and S-IV propul-
sion systems was satisfactory for the SA-10 flight,
SA-10 was the sixth Saturn vehicle to employ H-1 en-
gines at a thrust level of 836,000 N (188,000 Ibf) to
power the S-1 stage, SA-10 also represents the sixth
flight of the RL10A-3 engines to power the S-IV stage.

The vehicle sealevel longitudinal thrust of the S-I
stage averaged 0.82 percent higher than predicted
from the engine analysis and 0. 86 higher than pre-
dieted from the flight simulation analysis. Vehicle
specific impulse averaged 0,15 percent lower than
predicted for the engine analysis and 0, 39 percent
lower than predicted for the flight simulation analysis,
Inboard andoutboard engine cutoff cccurred 1,79 sec~
onds and 1,69 seconds earlier than predicted, re-
spectively, Outboard engine cutoff was initiated by
the backup timer 6.1 seconds after inhoard engine
cutoft, The performance of all pressurization sys-
tems, purge systems, hydraulic systems, and other
associated systems was satisfactory.

The propulsion performance of the S-IV stage was
within design limits throughout the siage powered
flight, The average vehicle longitudinal thrust devia-
tion was 0. 29 percent higher than predicted from the
engine analysis and 0. 17 percent higher thanpredicted
from the flight simulation, The longitudinal specific
impuise deviation was 0,01 percent lower than pre-
dicted from the engine analysis and 0, 21 percent lower
than predicted from the flight simulation analysis,
Satisfactory performance was ohtained from the indi-
vidual engines, the LOX tank pressurization systems,
the helium heater, the hydrautic systems, the PU sys-
tems, and the nonpropulsive vent system, The fuel
pressurization system functioned properly with the
exception that the pressurization control solenoid
valve did not open when required during a portion of
the flight.

6.2 S5-I STAGE PERFORMANCE
G,2,1 OVERALL STAGE PROPULSION
PERFORMANCE

The propulsion system of the S-I stage per-
formed satisfactorily, The eight engines ignited sat-
isfactorily, withno indicationof any abnormal chamber
pressure transients on any engine, The ignition com-
mand was initiated -2,64 seconds before liftoff signal,
The engine starting sequence was within the expected
tolerances of the prescribed 100 ms delay hetween
starting pairs. The largest deviation in the thrust

PROPULSION

buildup times in the engines that received ignition sig-
nal at the same time was 58 ms between engines 6 and
8, Figure 6-1 iilustrates the individual engine thrust
buildup and S-1 stage thrust buaildup.

! ) oot - T =]
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FIGURE 6-1, S-I INDIVIDUAL ENGINE AND STAGE

THRUST BUILDUP

The vehicle longitudinal altitude thrust shown in
Figure 6-2 averaged approximately 0.9 percent higher
than predicted, The vehicle specific impulse (lower
portion of Fig, 6-2) averaged approximately 0, 1 per-
cent lower than predicted,

Vehicle total propellant flowrate and mixture ratio
are shown in Figure 6-3. The flight mixture ratio
averaged approximately 0.5 percent lower than pre-
dicted. The lower than predicted mixture ratio can
be attributed primarily to a lower than predicted LOX
density.

Average S-I propulsion parameters fromthe en-
gine analysis method corrected to sea level are sum-
marized in Table 6-],

BN PIDININR
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FIGURE 6-2,

VEHICLE LONGITUDINAL THRUST

AND SPECIFIC IMPULSE

L}:: I i e 1;5_:‘__3 _
L N
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FIGURE 6-3, VEHICLE MIXTURE RATIO AND

TOTAL FLOWRATE

kg (1600 ibm) less than predicted LOX load. The in-
creased power levels account for 1.2 seconds. The
LOX level intank 04 which initiated the cutoff sequence
was about 2,54 c¢m (1 in) lower than the average

TABLE 6-1. AVERAGE STAGE PROPULSION PARAMETERS, SA-10
. Percentage . Percentage
Parameter Predicted Aianz; Dev. Fm, Siiilfztion Dev. Fm.
¥ Predicted Predicted
Liftoff Weight (kg) 511,707 511,132 -0, 11 511,132 -0. 11
{lbm} 1,128,121 11,126,853 1,126, 853
Sea Level Thrust (N) 6,790,517 6,846,414 0. 82 6,849, 180 0. 86
(1bf) 1,526,569 11,539,135 1,538, 757
Flow Rate (kg/s} 2,682, 3 2,709, 1 1,00 ,715.2 1,23
(lbm/ s} 5,913.5 5,972.6 5,986, 1
Sea Level Specific
Impulse (sec) 258.2 257.70 -0, 15 257.2 -0, 39
Vehicle Weight (kg 130, 585, 68 126,159 -3.5 125,282 -4,2
(142, 22 sec Range Time) (lbm) 287,892, 15 278,134 276,200

The engine cutoff sequence was normal for all
engines, Inboard engine cutoff (IECO} occurred 1.79

seconds earlier than predicted.

Approximately 0,4
second of the difference can be attributed to the 725,7

outhoard tank level and accounts for 0.1 second of the
difference, The low levels also account for time dif-
ferential between IECO and OECO being 6, { seconds
with a backup timer cutoff instead of the predicted 6, G
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seconds, Figure -4 shows the chamber pressure de-
cays of the inboard and outboard engines.

p——"
o i

FIGURE 6-4, INBOARD AND OUTBOARD ENGINE
THRUST DECAY

6.2.2 FLIGHT SIMULATION OF CLUSTER
FERFORMANCE

The vehicle longitudinal sea level specific im-
pulse, vehicle longitudinal sea level thrust, and total
weight loss rate were derived from the telemetered
propulsion system measurements in a simulation of
the tracked trajectory, The simulation of the tracked
trajectory was accomplished throughthe use of a six-
degree-of-freedom trajectory calculation incorporat-
ing adifferential correction procedure. This program
determined corrections to the level of the vehicle lon-
gitudinal sea level thrust, total weight loss rate and
vehicle drag correction that would yield the best fit to
the velocity and acceleration from the cbserved tra-
jectory. The liftoff weight as given by the MSFC
weight group was considered known.
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Previous analyses of all Saturn I Block 11 flights
have indicated that the variation of the vehicle thrust
as a function of time using telemetered engine meas-
urements was consistent with the observed trajectory.
It is theorized that this is a result of the clustered
engines and thal the effect is somehow a function of
the flow from the inboard engines choking after ap-
proximately 65 seconds of flight. The cluster effect
that was derived from SA-7 (lower part of Fig., 6-5)
was assumed to be common to all Block I vehicles
and produced reasonable solutions.
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FIGURE 6-5. FLIGHT SIMULATION RESULTS

Although the cluster effect shown in Figure 6-5
was used to alter the local thrust shape in the flight
simulation program, it is possible that this effect
could be some force other than a thrust shape devia-
tion. A change where this effect would act on the ef-
fective force of the vehicle in the trajectory compu-
tation program would not affect the propulsion system
evaluation results since the average sea level thrust
is used as a reference.



The solid line in upper portion of Figure 6-5
shows the total longitudinal force necessary to match
the observed trajectory {(assuming the mass history
from the flight simulation analysis is correct). This
represents the sum of all forces acting on the vehicle
along the longitudinal axis, which includes engine
thrust, turbine exhaust, drag, clusier eflecis, etc,
The dashed line in this figure is the predicted total
longitudinal force for SA-10.

Table 6-] presents 2 summary of the uverage
values and deviations of liftoff weight, sealevel thrust,
flowrate, sea level specific impulse and vehicle weight
near inboard engine cutoff signal from the flight sim-
ulation method compared with the postflight engine
analysis and predicted values, The axial force coel-
ficient resuliing from this solution aleng with the pre-
dicted axial force coefficient for SA-10 is presented
in Section XIL

The maximum deviations of the simulated tra-
jectory from the trucked trajectory were 0.5 m/s in
velocity and 0.1 m/s? in acceleration, This is indica-
tive ol the goodness of fit of the simulation.

6.2.3 INDIVIDUAL ENGINE PERFORMANCE

The performance of all eight engines was sat~
isfactory, Reconstructed thrust levels for all engines
were slightly higher thun predicted except for engine
position one. The thrust levels for engine position
iwo were estimated solely from the telemetered cham-
ber pressure since the turbopump speed data for this
engine were not valid, Therefore, the deviations from
predicted may be slightly inaccurate for this engine.
Significant discrepancies exist between reconstructed
and telemetered chamber pressures for engine posi-
tions 4, 6, 7, and 8, Reconstructed engine specific
impulses for all engines were below the predicted
values, Figure 6-6 presenis the percent deviation
from predicted for the reconstructed thrust and spe-
cific impulse,

Higher than predicted thrustleveis have occurred
during the past four flights, including SA-10. The
higher than predicted thrast levels on SA-10 cannot
be attributed to flight conditions. LOX pump inlet and
fuel pump inlet pressures averaged within 0.7 N/cm?
(1 psi) of predicted values. Fuel density was as pre-
dicted, The LOX pump inlet temperatures averaged
0.7°K higher than predicted because of the high wind
velocities at launch, This deviation represenis an
average decrease from the predicted LOX pump inlet
density of 3.8 kg/m® (0.24 lom/fi3}. A lower than
predicted LOX pump inlet density of this magnitude
showld have decreased thrust by approximately 0.5
percent,
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FIGURE 6-6. DEVIATION IN INDIVIDUAL ENGINE
PERFORMANCE PARAMETERS (8-

6.3 8-I PRESSURIZATION SYSTEMS
6.3.1 FUEL PRESSURIZATION SYSTEM

Fuel tank pressurization provides increased
tank structaral rigidity as well as adequate engine fuel
pump inlet pressure.

Fuel tank pressurization to 11,72 N/cm? gauge
(17 psig) of & 3,7-percent ullage was accomplished in
7.6 seconds. The pressure in the fuel tanks (Fig.
6-7) agreed closely with the pressure seen on past
flights and predicted values. The fuel container pres-
sure was 6.9 N/cm? gauge (10 psig) at OECO.,

The number of fuel tank pressurization valves
that were operational during SA-10 flight were:

Number of Scheduled
Pressurization Valves

Time Interval
{Range Time sec)

0 to 39,5 3
39,5 to 54.5 2
54.510 70,5 1
70.5 to OECO Q

Pressurization valve number 2 was changed from
normally closed on SA-8 to normally open on SA-10
to increase system reliability.



FIGURE 6-7. GAS PRESSURE IN FUEL TANK AND

HIGH PRESSURE SPHERE
6.3.2 LOX TANK PRESSURIZATION SYSTEM

Prepressurization of the 3. 7-percent LOX tank
ullage to approximately 41.4 N/em? (60 psi} was ac-
complished in 75,6 seconds, The LOX tank vent and
relief valves were closed at T-163 seconds range
time., Helium bubbting started at ~153 seconds. The
center LOX tank pressure (Fig. 6-7) rose to 13.6
N/em? (19.7 psi) at -103 secends when helium bub-
bling was terminated and LOX tank prepressurization
commenced. A 0.325-cm (0, 128 in) diameter orifice
was selected to accomplish prepressurization of the
LOX tanks in the required 50 to 90 seconds. Relief
valve number 2 tcok more than 2 minutes to indicate
closed during the automatic sequence. The valve in-
dicator was found to be faulty during the propellant
joading test. No corrective action was taken because
the closed signal was not required in the automatic
sequence and it was confirmed that the valve was op-
erating properly.

Pressure histories used for prediction and actual
center LOX tank pressures are shown in Figure 6-8,
The SA-10 LOX tank pressure compares within 1, 17
N/em? (1.7 psi) of that used for prediction. The
maximum center LOX tank pressure was 36, 9 N/cm?
(53,5 psi) at 35 seconds range time, Although this is
greater than the set point of the GOX flow control
valve (GFCV), which is 34.5 £ 1.7 N/em? (50 + 2,5
psi), it represents expected system performance.
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When the GFCV is at its fully closed position (against
stop), the GOX flowrate will be about 7. 94 kg/s (17.5
lbm/s). This flow exceeds that necessary to main-
tain a nominal 34,5 N/cm? (50 psi) in the LOX tanks
for a portion of the {light,

FIGURE 6~8, PRELAUNCH AND FLIGHT CENTER
LOX TANK PRESSURE

The GFCV reached its full closed position at 5
seconds range time and left its full closed stop at 93
seconds when the center LOX tank pressure was 33,5
N/em? (51,5 psi), indicating proper response of the
GFCV,

6.3.3 CONTROL PRESSURE SYSTEM

The pneumatic control system supplies GN, at
a regulated pressure of 517.1 ¢+ 34.5 N/cm? pauge
(750 + 50 psig) for operation of the LOX sysiem pres-
sure relief valves 1 and 2, the LOX vent valve, the
LOX repienishing control valve, suction line prevalve
control valves, engine turbopump gear box pressuri-
zation, and calorimeter and LOX pump seal purging,

The control pressure system regulated pressure
was between 506,8 and 510.9 N/cm? gauge {735 and
741 psig), well within the specified pressure band,
The control equipment supply sphere pressure was
1999, 5 N/cm? (2900 psi) at liftoff and 1644,4 N/cm?
(2385 psi) at 150 seconds whichis considerably higher
than SA-9 and SA-8 because fewer calorimeters were
purged.

6.3.4 LOX-SOX DISPOSAL SYSTEM

The LOX-SOX disposal system purges the
S-I/8-1V interstage area of any LOX or SOX which



falls from the S-IV stage engine thrust chamber dur-
ing the chilldown cycle prior to S-1/S-IV stage sepa-
ration, Gaseous nitrogen is supplied to the dispersal
ring manifolds located under euch of the S5-IV stage
cngines 1o Keep the area inert so that the engines ig-
nite in a noncombustible atmosphere.

All measurements indicated successful operation
of the LOX-8S0X disposal system. Pressurc equali-
zation between the 0,57 m® (20 ft) nitrogen spheres
of the fuel tank pressurization system and the four
triplex spheres occurred at 79,5 seconds.  Equaliza-
tion was irdicaled by an increase in pressure in the
fuel pleSburi/.atxon systems 0, 57 m? (20 {}) spheres
from 844.7 N/cm? (1225 psi) to 1123, 8 N/em? (1630
psi), just G.9 N/Lm (10 psi} higher than on SA-8
flight ( Fig. 6-7).

The S-1/$-IV vent ports were blown al 140,72
seconds by exploding bridgewire (KEBW) charges. A
sudden drop in 8-1/8-IV inlerstage temperature at ap-
proximately 141 seconds indicated the initiation of 8-
IV LOX chilldown, The plenum chumber pressure
shown in Figure &-9 increased rapidly at 141, 9 sec-
onds indicating the opening of LOX-SOX valves 2, 3,
5, and 6 with the start of LOX-SOX disposal, A pres-
sure surge al 144, 12 seconds showed that valve num-
ber 4 opened and at 145,62 seconds another rise in
pressure showed that valves t and 7 opened, com-
pleting the sequenced operations, These evenis ac-
curred 1.79 seconds earlier than predicted because of
the carly start of time base 2 (propelant level sensor
acluation), Maximum pressure in the plenum cham-
ber was 210.3 N/cm?® gauge (305 psig) which com-
pared favorably with that of SA-8 and SA-9,

j\/\f\\_ L
. EQ

1 . : . . -

FIGURE 6-9. LOX-80X SYSTEM OPERATION
6.3.5 HYDROGEN VENT DUCT PURGE

The bydrogen vent duct purge system remeoves
the chilldown hydrogen flowing through the 8-IV stage

plumbing at approximately 35 seconds prior to
8-1/8-1V stage separation. The hydrogen is removed
from the S-IV stage through three 0.3 m (12 in} di-
ameter ducts that lead down the sides of the S-I/S-IV
interstage and the S-I stage in the line with stub fins
II, 11, and IV. Prior to launch, low pressure helium
from a ground sourceisused to purge the three ducts.
A helium triplex sphere assembly onboard the S-I
stage supplies helium for purging after liftoff, The
purge continues through the chilldown operation and
S-1 stage powered flight,

The hydrogen vent duct purge system operated
satisfactorily. The hydrogen vent duct purge supply
pressure was 1954,7 N/cm? (2835 psi} at liftoff, A
steady decay of sphere pressure 1o 450, 2 N/em? (633
psi) at 148 seconds indicated expecied operation ol
the system.

G.4 S-I STAGE PROPELLANT UTILIZA TION

Propellant utilization, the raticof propellant con-
sumed to propellant loaded, is an indication of the
propulsion system performance and the capability of
the propellant loading system to tank the proper pro-
pellant loads, Propellant utilization for the S-1-10
stage was satisfactory and within 0.2 percent of pre-
dicted. The predicted and actual (reconsiracted) per-
cent of loaded propellants utilized during the flight are
shown as follows:

Prelaunch Day

Predicted {%) Flight (=1}

Total 99, 17 99,23
Fuel 98,24 98, 42
LOX 99,58 99, 59

The propeilant loading criteria for S-I-10 were
similar to those for S-I-9 and S-I-8, and called for
simultaneous depletion of usable propellants for a
fixed mainslage total propellant consumption, The
ralio of LOX io fuel loaded was dependent on the fuel
density at ignition command,

SA-10 was the fourth Block I flight on which a
1.OX starvation cutoff of the outhoard engines was at-
tempted. The LOX and fuel level cutoff probe heights
and flight sequencer settings were determined for a
1. 8~-second time interval between any cutoff actlua-
tion and IECQ, and an expected 6, {-second time in-
terval between any IECO and OECQO. OECO was to be
initiated by the deactuation of the thrust OK pressure
switch on any outboard engine when LOX starvation
occurred, It was assumed, as for S-I-9 and S-1-8,
that a total of approximately 321 kg (707 lbm) of LOX
from the outboard suction lines was usable, This is

23



equivalent to approximately 0,28 m? (75 gal). The
backup timer (flight sequencer}) was set to initiate
OECO 6.1 seconds after JECOif LOX starvation cutoff
had not cccurred within that time, To insure against
fuel starvation, fuel depletion cutoff probes were lo-
caled in the F2 and F4 container sumps. The center
LOX tank sump orifice diameter, which was 0,47 m
{18.5 in), was the same as for 8-1-9 and S-I-8.  Bascd
on S-I-9 and $-1-8 flight results, a liquid level height
differential between the center LOX tank and the out-
board LOX tanks of approximately 7.6 em (3.0 1in) at
IECO was assumed for the prediction.

The cutoff sequence on the S-I-10 stage com-
menced with the signal from the LOX level cutoff probe
in container 04 at 140, 42 seconds. IECO signal was
received 1, B seconds later at 142,22 seconds. OECO
was initiated by the backup timer 6.1 seconds after
IECO, at 148,32 seconds, LOX starvation was not
achieved. The average liguid level height differential
between the center LOX tank and the outboard LOX
tanks at IECQ was approximately 7.1 em (2.8 in}.
However, the level in tank 04 was approximately 2. 54
cm (1 in) lower than the average level in the outhoard
LOX tanks when the cutoff probe actuated. Therefore,
there was approximately 181 kg (400 Ibm) more LOX
onboard than predicted at IECO, which explains why
LOX starvation was not achieved,

Inboard engine cutoff was 1.79 seconds earlier
than predicled. The shorter than predicted S-I-10
stage burntime canbe atiributed to the LOX load being
approximately 725, 7 kg (1600 lbm) less than required
for the fuel density at ignition command ( see Section
1) , and the stage performance being higher than pre-
dicted {see Para. 6.2). The low LOX level in tank 04
alsocontributed approximately 0,1 second to the short
burning time,

The propellant residuals indicated that the re-
constructed LOX residual was only 16,3 kg (36 lbm)
less thanthe prelaunch day prediction, Since the LOX
residual was very close to predicted and LOX starva-
tion was not achieved, it must be concluded that the
usable LOX in the outboard engine suction lines is
greater than the amount assumed for the prediction,
This conclusion agrees with the flight results from
S-1-9 and S-I-8,

A fuel bias of 839 kg (1850 lbm) was specified for
SA-10, The fuel bias minimizes the total propellant
residuals associated with the possible variation in the
actual stage mixture ratic from the predicted stage
mixture ratio, If the specified propellant weights had
bheen loaded and the performance had been as predic-
ted, the fuel bias would have remained as residual
fuel after cutoff, The reconstructed fuel residual was

220, 0 kg (485 lbm) less than the prelaunch day pre-
diction, However, the reconstructed fuel load was
approxdmately 136,1 kg (300 lbm) greater than re-
guired by the propellant loading tables for the fuel
density at ignition command., The LOX loaud was ap-
proximately 725.7 kg (1600 lbm) less. Approximately
326, 6 kg (720 lbm) more fuel would have been burned
if an additional 725. 7 kg (1600 lbm; of LOX had been
loaded. It is concluded that if the proper propellant
loads had been onboard, approximately 682.7 kg (1505
Ibm) of the fuel bias would have been used.

Propellant utilization was analyzed [from signals
received from three types of probes located in the nine
propellant containers.

A system of 15 discrete level probes was located
in each container., An electrical signal was initiated
by each probe as it was uncovered by the liguid level,

Propeliant level cutoff probes were located in the
LOX coniainers 02 and 04 and fuel containers F2 and
F4, The cutoff probe signal times and setiing heights
from container bottoms were:

Height
Container {cm) {in} RT (sec)
02 69,7 27,45 141, 04
04 69,7 27.45 140,42
F2 80,0 31,50 141,41
F4 80, ¢ 31,50 144,42

The continuous level probe located near the hot-
tom of each propellant container indicated the liguid
level from 28.4 to 130, 0 cm (11,2 {o 51,2 in) of con-
tainer bottom.

6,5 S-1 STAGE HYDRAULIC SYSTEMS

The four outboard H-1 engines are gimbal mounted
to the S-I stage thrust structure, Controlled position-
ing of these engines provides thrust vectoring for ve-
hicle attitude control and steering. Hydraulic actua-
tors allow positioning by gimbaling the four outboard
engines in response to signals from the flight control
computer., There are eight actuators, two for each
outboard engine, Four independent, closed loop hy-
draulic systems provide the force required for each
actuator movement. Each outhoard engine is capable
of a gimbal of = 8 degrees,

Hydraulic system operation during the 8-1-10
flight test was satisfactory, Sufficient source pres-
sures were maintained by each of the independent,
closed foop systems, The oil temperatures remained
within assigned limits, and the hydrawlic oil level
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trends were as expected. Figure 6-10 shows bands of
the hydraulic oil pressure, level, and temperature as
measured on the four independentclosed loop hydrau-
lic systems.

FIGURE 6-10, HYDRAULIC OIL PRESSURE,
LEVEL, AND TEMPERATURE

6.6 RETRO ROCKET PERFORMANCE

Four solid propellant retro rockets are mounted
on the 8-I stage spider beamand arranged 90 degrees
apart and midway between the main fin position. The
purpose of the retro rockets is to decelerate the S-1
stage after itseparates from the S-IV stage to prevent
a possible collision between the two stages.

The performance of the retro rockets on SA-10
was satisfactory. Ignition signal to the retro rockets
occurred at 149,13 seconds andignition of the individ-
ual rockets was further insured by the EBW voltage
signals of each retro rocket, The retro rocket com-
bustion chamber pressure measurements flown on
previous flights were not installed on 8A-10. Longi-
tudinal acceleration measurements wereused to eval-
uate the SA-10 retro rocket performance. By com-
paring the lengitudinal acceleration measurements of
S§-1-8 and S-1-10 and the average retro rocket burning
time on SA-8, the average burning time of the SA-10
retro rockets was determined tobe approximately 2.2
seconds. Nominal burning time of the retro rockets
is 2. 15 seconds.,

Chamber pressure buildup and decay transients
for each rocket on SA-10 could not be determined due
to the absence of the combustion chamber pressure
measurements, but can be assumed normal due to the

similarity of burning times and stage longitudinal ac-
celeration curves during retrorocket burning on 8-1-8
and S-I-10 stages,

6.7 S-1V STAGE PROPULSION

6,7.1 OVERALL S8-IV STAGE PROPULSION
PERFORMANCE

The S-IV propulsion system performed satis-
factorily during the S-IV-10 flight, Except for a tem-
porary malfunction in the fuel pressurization system,
all subsystems operated within design limitations.
The fuel tank pressurization system malfunction is
explainedin detail in paragraph 6. 8. 1. This maltunc-
tion did not affect the accomplishment of the mission,
6.7.2 STAGE PERFORMANCE
Two separale analyses were employed in re-
constructing the S-IV stage six-engine performance.

The first method, an engine analysis, used the
telenmetered engine parameters o compute stage lon-
gitudinal thrust, stage longitudinal specific impulse,
and stage mass flowrate, The effects of the 6-degree
engine cant angle to the vehicle centerline, helium
heater flowrates, helium heater thrust, 67 N (15 1bf),
and chilldown vent thrust, 667 N (150 Ibf), are in-
cluded in the presentation of stage performance pa-
rameters, Due to the nature of the analysis, cluster-
ing effect on stage longitudinal thrust, 2785 N (626
ibf), is not included unless specifically adjusted to
compare results with the flight simulation,

The second method, a postflight simulation, used
the thrust and mass flow shapes obtained from the en-
gine analysis, adjusting the levels to simulale the
actual trajectory as closely as possible, The simula-
tion was constrained lo the cutoff weight determined
from capacitance probe data, point level sensor data,
and measured stage dry mass, andincluded the cluster
effects as an inherent part of the simulation,
6.7.2,1 ENGINE ANALYSIS
The engine performance of the S-IV-10
flight was reconstructed from the start of LH, cool-
down to engine cutoff. Statistical confidence in the
reconstructed values was established by the relative
agreement of three independent computer programs,
The calculaied performance values deviated from the
predicted values by the amounts shown in Table G-IL

Based on data obtained from the acceptance test
of the 8-1V-10 stage, propellant depletion time had
been predicted as 483,13 seconds from engine start
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TABLE 6-11, S-1V STAGE ENGINE ANALYSIS

PERFORMANCE
Parumeter Predicted | Actual " Deviatiun

Thrust (N} 395,819 JUY, 851 0. 24

ilbfy 84,638 89,890
Specific Inpulse (sec) 429,370 434,377 [IAR138

LH, Flowrite tkg/s) 15, TYY 15,731 -0, 43
(lhmy/ 59 34,831 31, 882

LON Fiowrate (kg's) TH, U916 Y261 0, 44
(1bm/s) 173, 9581 174, 741

Total Flowrate (kgss) S, T15 94, 942 G2y
{(ibm/s} 208, 514 209, 421

Miature Ratio 4, 895 5,03 U, vt

command, The actual depletion time, determined by
calculating the time to deplete the best estimate re-
siduuls (454 kg or 1001 ibm LOX and 87 kg or 191 lbm
LH,}, using the average stage consumpton rates,
would have been 484,91 seconds burn time, or 1,78
secoixls longer than predicted,

All performance values and excursions were
within the predicted bands and shapes, Performance
profiles comparing the prediction to the actual for
thrust, flowrate, specific impulse, and mixture ratio
are presented in Figure 6-11, The parameters shown
are unbiased for clustering effects.

Thrust includes the summation of the six-engine
individual thrusts corrected for the 6-degree cant
angle, 6,67 N (15 Ibf) helium heater thrust, 6.67 N
(150 1bf) cooldown duct thrust, and 600 N (135 1bf)
base pressure effects, but does not include the -2785
N {(-626 lbf} clustering effcct,

Total flow includes the summation of the six-
engine individual total flowrates and the helium heater
total flowrate, which is 0, 022 kg/s (0. 05 1bm/s).

Specific impulse is the result of dividing the indi-
cated thrust by the indicated total flowrate.
8,7.2,2 FLIGHT SIMULATION
A six-degree-of-freedom trajectory simu-
lation program was used to adjust the S-IV propulsion
system parameters obtained by the engine analysis,
Using adifferential correction method, this simulation
program determined adjustments to engine analysis
stage longitudinal thrust and stage mass {lowrate that
yielded a simulation trajectory which closely matched
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FIGURE 6-11, TOTAL S-IV STAGE PERIFORMANCE
{ENGINE ANALYSIS)

the ohserved trajectory. The simulated trajeclory,
with adjusted propulsion system parameters incor-
porated into it, was compared 1o the observed trajec-
tory, and the following average (rool-sum-syuare)
and maximum differences were found:

Average Dev, Maximum Dev.
Slant Range 25 m 47 m at 300 sec,
Earth Fixed
Velocity 0.3 m/s 0.6 m/s at 240 sec,
Altitude 32 m 54 m at 310 sec.

The maximum inaccuracies in the simulated pro-
pulsion system parameters are estimated at 0, 3 per-
cent for specific impulse, and 0,2 percent for thrust
and mass flowrate. These inaccuracies were caused
by inaccuracies in the simulation technique and in obh-
served trajectory data. An additional uncerfainty is
the accuracy of the best estimate of vehicle mass to
which the simulation is constrained. Any inaccuracy



inthe best estimate of vehicle mass causes additional
inaceuracies in thrust and mass flowrate, bul not in
specific impulse, By considering this additional un-
certainty, the inaccuracies are estimated to be 0.3
percent for eachof the propulsion sysiem parameters.

Table 6-II1 compares the predicted engine analy-
sis and simulated stage longitudinal thrust, stage mass
flowrate, and stage longitudinal specific impulse.,
Figure 6-12 compares the predicted values 1o the
postflight engine analysis, and trajectory simulation
results for each S-IV stage flight tested.

TABLE 6-I1I, S-IV-10 PROPULSION SYSTEM

: Engine Flight
Parameter = Predicte
wrame t teted = Analysis | Simualation
Longitedinal (N 395, 433 396, 446 346,127
Yehicle Thrust (b 33, 847 29,124 84,053
Vehicle Mass  (kg/ s) 94,71 95, 00 95, U6
(1bm/s) 2084 209,42 209, 5%
Longitudinal Vehicle
Specific Impulse {sec) 425, 8 423, 60 424, 9

T Average values between 80 percent thrust and S-IV cutoff,

Definition of Propulsion Parameters

Longitudinal vehicle thrust accounts for engine
cant angle and inctudes helium heater thrust, and
thrust originating atthe cooldown vents due to leakage
of LH, through the engine cooldown valves during en-
gine operation. Ullage rocket thrust and predicted
aerodynamic base drag (600.5 N or 135 Ibf thrust ef-
fect) are not included. The engine analysis thrust
level is adjusted downward 2785 N (626 lbf) to ac-
count for average engine clustering effects derived
from previous vehicles, Theilightsimulation includes
the engine clustering effect as an inherent part of the
simulation.

Vehicle mass loss rate includes all stage mass
flowrates, such as the sum of individual engine pro-
pellant mass flowrates, leakage of LH, through the
cooldown valves, and helium heater propellant mass
flow,

Longitudinal vehicle specific impulse is vehicle
longitudinal thrust divided by vehicle mass loss rate,

Each of the simulated propulsion system parame-
ters was within 0, 5 percent of predicted. Stage mass
flowrate and stage longitudinal thrust were 0.38 and
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The correction factors applied to this bar chart
are the same as those used in Table 6-Ilexcept for
the predictions and engine analysis prior to S-IV-9
which do not include corrections due to clustering ef-
fects.

FIGURE 6-12, PROPULSION SYSTEMS
PERFORMANCE COMPARISON (S8-IV STAGE)

0. 17 percent higher than predicted, respectively, and
the longitudinal specific impulse was (.21 percent
lower than predicted.

The trajectory simulation techniyue provides a
method of deiermining vehicle mass history, if the
vehicle mass atany point or points in time on the tra-
jectory is accurately known, Figure 6-13 presents the
approach used to determine the best estimate of igni-
tion and cutoff weight to which the flight simulation
was constrained, The "box'" shown defines the region
that the bhest estimate of ignition and cutoff weight
must lie within in order to satisfy the analysis results
from capacitance probe and point level sensor at cut-
off and capacitance probe and engine analysis at igni-
tion. The diagonal line represents the flight simula-
tion resuits, Any pointonthe nominal fligh{ simulation
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line provides the same "{it'" Lo the observed trajectory;
however, average values for the propulsion parame-
ters vary directly with the magnitude of the ignition
and cutoff weighl selected for the flight simulation con-
straint poinl, A least square criterion was applied to
the data presented, and the best esiimate and toler-
ance of theignition and cutoff weights were determined
to be 62,551 + 94 kg (137,902 + 2091bm} and 15, 632 ¢
24 kg (34,163 & 54 lbm), respectively. This does nol
exactly agree with the masses presented in Section IV
but is within the tolerances and is believed to be the
best estimate [rom a consumption sitandpoint.

The nominal flight simulation solution which came
nearcst to achieving the best-estimate point is shown
in Figure G-13. It indicates that the ignition and cut-
off weights were 62,872 kg (137,951 lbm) and 15, 626
kg (34,451 1bm), respectively.
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FIGURE 6-13. BEST ESTIMATE OF S-1V-10
IGNITION AND CUTOFF WEIGHT

6.7.3 INDIVIDUAL ENGINE PERFORMANCE

The six Pratt & Whitney RL10A-3 engines,
which poweredthe $-IV stage, functioned satisfactorily
during prestart, start, steady state, and cutoil. All
engine eventscccurred as scheduled, andperformance
levels of all engines were consistent with performance
levels established during ascceptance testing,
65,7,3,1 ENGINE COOLDOWN
The engine cooldown period was 39,72 sec-
onds for LH, and 10.1 seconds for LOX. The LH,

cooldown period was 1.69 seconds shorter than pre-
dicted due to the carly cutoff of the S-I stage. The
LH, consumpiion during the chilldown period was 146
kg (3221bm), or an average flowrate of 0.61 kg/s/eng
{1.351 1bm/s/eng). The LOX consumption during the
chilidown period was 84 kg (185 lbm), or an average
flowrate of 1, 40 kp/s/eng (3,05 Ib/s/eng).

G6.7.3.2 START TRANSIENTS

Normal start transients were noted for all
engines, The engine thrust buildup to the 90 percent
level was achieved by all engines between 1,791 and
2,028 seconds after engine starlt command, Figure
6-14 shows the six engine start transients. The thrast
overshoot was less than 5 percent for all engines dur-
ing the start transient, The total impulse to 935 per-
cent thrust was 89,894 N-s (20,210 1bf-5), as com-
pared to the predicted value of 81,136 £ 10,898 N-s
(18,240 = 2450 1bl-s).
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FIGURE 6-14, INDIVIDUAL ENGINE START
TRANSIENTS

6.7.3.3 STEADY STATE OPERATION
Satisfactory performance of the engines
was demonsirated throughout the flight. Average spe-
cific impulse for the engines was 430, 26 seconds, with
a mean toial thrust level of 400,860 N (90,085 Lbf).
These values are not corrected for cant angle, Max-~
imum and minimum mixture ratio levels during the
flight were 5.34 and 4,95, respectively. The maxi-
mum mixture ratio occurred at a PU valve angle ol
minus 22 degrees (approximately 186 seconds range
time, while the minimum occurred at an angle of plus
15 degrees (approximately 471 seconds range timel.



6.7.3.,4 CUTOFF TRANSIENTS

The 8-1V-10 stage cutoff was initiated by a
signal from the guidance computer at 630. 252 seconds,
At that time, the vehicle was 198,679 km (1234, 14
miles) from the Tel2 receiving station, and telemetry
signals, with a velocity which was approximating that
of light, reyuired 6, 64 milliseconds to reach the sta-
tion from the vehicle. When this correction is made
to the data, the total cutoff impulse after the genera-
ting signal to 0 percent thrust is 48,163 N-s (10, 828
Ih-s), as determined from engine analysis. This in-
cludes the delay due to relay action, and 2224 N-s
{500 lh-s) for the chilldown duct impulse, but does
not include engine cant angle, This value is within the
predicted spread of 48,930 £ 400 N-s (11,000 + 900
Ib-s) and is consistent with the value determined from
the velocity gains after cutoff which is 45,550 N-s
(10,240 lb-5} (AV = 2,9 m/s),

All engines experienced a smoothcutoff transient,
as shownin Figure 6-15, All engines reached 10 per-
cent thrust decay between 0,104 and 0, 118 seconds
after S-IV engine cutoff command,
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FIGURE 6-15, S-1V ENGINE CUTOFF TRANSIENTS
6.8 S-IV PRESSURIZATION SYSTEM
6.8.1 LH, TANK PRESSURIZATION

During the S-IV-10 flight, the LH, tank pres-
surization system performed satisfactorily, with the

exception that the pressurization control solenoid
valve did not open when reyuired during a portion of
the flight,

Figure 6-16 presents the LH, tank ullage pres-
sures during prepressurization, S-I boost, and 5-IV
flight.

FIGURE 6-16. S-1V STAGE FUEL TANK ULLAGE

PRESSURE

As shown in Figure 6-16, the controi solencid
valve cycled properly at approximately 240 seconds,
However, at approximately 291 seconds the conirol
solenoid valve failed to open as required, as in the
preceding control valve cycle, The pressurization
orifice inlet pressure data indicated that the control
solenoid valve was subseqguently actuated at the time
of the steppressurization command, and closed prop-
erly when the ullage pressure switch sensed an ullage
pressure of 21,9 N/em? (31, 8 psi}.

The failure of the control valve to actuate upon
command canbe attributed to a2 temporary contamina-
tion of the pilot poppet within the control valve or to
afailure of thelow limit ullage pressure switch which
commands the valve to open. Inasmuch as the pres-
sure switch wasfunctioning at 231 seconds the former
possibility appears to be more likely, Upon energiz-
ing the step solenoid valve, GH, pilot bleed, which is
interconnected between the step and control valve,
may have back flowed toward the control valve, caus-
ing any contamination present to he dislodged, thus
enabling the pilot poppet, and subsequently the main
poppet, 10 open.

The control valve malfunction did not affect ve-
hicle performance. However, the LH, pump inlet
conditdons were not within the engine specification
range for a major portion of the flight {340 seconds)
bhecause of the control valve malfunction, In addition,
higher pump inlet temperatures (0.1 to 0.2*K higher



than previous flights) were experienced as a result of
environmental conditions and subsequent higher heat
input,

The LH, tank was prepressurized with ground-
supplied helium from 11,2 tw 25,9 N/em® (16.2 to
37,5 psi), During ground hold, the ullage pressure
increased to 28,8 N/em? (41,7 psi) at liftoff. The ul-
lage pressure continved to increase to 29.7 N/cm?
(43. 1 psi) at initiation of engine cooldown, This rise
in ullage pressure is attributed to normal heat and
muss transfer to the ullage.

The ullage pressure decreased during cooldown
and was approximately 23,2 N/em? (33,7 psi) at S-
IV-10 engine start command, Ambient helium mukeup
of the LH, tank was not required because of the high
tank pressure at initiation of cooldown,

TFuel tank pressurization was accomplished during
flight by tapping GH, off the engine supply aft of the
main fuel shutoff vaive, and routing in through the fuei
tank pressurization system. Prior to the control so-
lenoid valve malfunction and the initiation of step
pressurization, the LH, tank ullage pressure cycled
between 21, 1 to 21,9 N/em? (30.6 to 31.8 psi).

The initiation of step pressurization by the pro-
pellant utilization system at 482.61 seconds opened
the step pressure solenoid valve, allowing the tank
pressure to increase toward the vent setting, The ul-
lage pressure increased from 19.3 N/cem? (28,0 psi)
atinitiationof step pressurization to 26.2N/c m? (38.0
psi) at $-IV-10 stage cutofi.

The average GH, pressurant temperature-was ap-
proximately 178°K, The average pressurant flowrates
obtained during normal, control, and step pressuri-
zation were 0.054, 0.081, and 0.129 kg/s (0.118,
0.179, and 0. 285 lbm/s), respectively. The average
ullage temperature was approximately 157° K.

During flight, 36.7 kg (80,85 lbm) of GH, were
used to pressurize the tank,

The performance of the nonpropulsive vent sys-
tem was as expected. Section 14,3 contains details
on system performance.
€.8.1,1 LH, PUMP INLET CONDITIONS
Based on engine performance data, the LH,
pump inlet conditions were adequate, although mini-
mum required conditions were not achieved for a
major portion of the flight {Fig. 6-17). Minimum
NPSP was 2,20 N/cm? (3, 19 psi) at initiation of step
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FIGURE 6-17. LH; PUMP INLET CONDITIONS

pressurization, The combination of the control sole-
noid valve malfunction and the higher pump inlet tem-
perature resulted inalower NPSP than would normally
have been expected. Assuming normal pressurization
system operation (average ullage pressure of 21,4
N/cm? or 31 psi) the minimum NPSP would have been
approximately 4.1 N/cm? (5,9 psi} at step pressuri-
zation, If the pump inlet temperature had been within
the temperature range experiencedon previcus flights,
the NPSP would have been 0.4 to 0,8 N/cm? (0.6 to
1.2 psi) higher. In considering both factors, the



minimum NPSP would have been 4.5 and 4,9 N/em?
(6.5 and 7. 1 psi).

6.8.2 LOX TANK PRESSURIZATION

During S-1V-10 stage flight, the operation of
the LOX tank pressurization system was satisfactory,
The LOX tank was pressurized with cold helium from
a ground source 147 seconds prior to liftolt. During
§-1V poweredflight, pressure was provided to the LOX
tank by the helium heater. Figure 6-18 shows the LOX
tank ullage pressure during prepressurizaiion, S§-I
boost, and S-1V ilight.
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FIGURE 6-18, $-1V STAGE LOX TANK ULLAGE

PRESSURE

Throughout [light, the total inlet pressures of the
engines were above 32,9 N/em? (47,8 psi), and the
NPSP wuas well above the minimum reguired limit of
10,3 N/em? (15 psi}). The minimum NPSP was 22
Nfem? (32 psi), which occurred at cutoff, At the ini-
tintion of the automatic count 147 seconds prior
liftoff, the LOX tank was prepressurized lo approxi-
mately 33. 8 N/c m? (49 psi), with approximately 2 kg
(1.5 lbm) of ground supplied helium.

Between 122 and 92 seconds prior to liftoff, LOX
tank vent valve 2 cycled four times due to continued
final LOX replenishing, The LOX tank ullage pres-
sure then decayed to 32.8 N/em? (47,5 psi) at approx-
imately 60seconds prior to liftoff, after which it rose
steadily to 33.4 N/em? (48,4 psi) at liftoff. The LOX
tank ullage pressure remained constant during S5-I
boost until LOX prestart. At 8-1V engine start com-
mand, the ullage pressure was approximately 33.1
N/em? (48 psi}. During S-IV stage powered flight,
the LOX tank pressurization system performed satis-
factorily, with the ullage pressure decreasing from
33,1 N/em? (48 psi) to 30.9 N/em? (44,9 psi) during
the sturt transient, and then cycling three times ina
band between 31, 2 and 32,6 N/em? (45, 2 and 47, 3 psi)
during steady-state operation,

At approximately 345 seconds the helium heater
secondary coil valve closed and the heater remained
on single coil mode for the remainder of S-IV powered
flight, After 345 seconds, the ullage pressure de-
creased ai a slower rate than on the previous helium
heater single coil operation, and finally stabitized at
31,9 N/em? (46,2 psi) 100 seconds later, The ullage
pressure thenincreased slightly and stabilized at 32,1
Nfem? (46,5 psi) between 461 and 492 seconds. The
ullage pressure then gradually decreased to 1417
N/cm? (46 psi) until engine cutoff at 630,25 seconds.

The LOX tank ullage pressure profile discussed
ahove was effected primarily by a drifting cold helium
regulator discharge pressure which caused the helicm
heater inlet pressure io increase from 165 N/em?
(240 psi) at 8-1V engine start command (150, 83 sce-
onds) Lo 188 N/em? (272 psi) at engine cutoff (630.25
seconds). After the iniliation of heater single coil
mode al 345 scconds, the helium heater iniel pres-
sure remained above 179 N/Cn12 (260 psi) for the du-
ration of heater operation, This high heater inlet
pressure was reflectedin a higher-than-normal pres-
surant flowrate during single coil mode. Beginning
at 431 seconds, the helium heater inlet pressure
shifted {rom 181 N/cm? (262 psi) to 184 Nyem? (267
psi) 5 seconds later, This shift resulted in a maxi-
mum single coil flowrate of 0, 083 kg/s (0.183 lbm,s),
which is the largest single coil flowrate experienced
in any S-IV stage test (0. 068 kg/s or 0,15 lbm/s is
nominal), This 3.4 N/cem? (5 psi) shitt in heater inlet
pressure was reflected ina 0.2 N/em? (0,3 psi) in-
crease in ullage pressure during this period.

Although the single coil mode of operation was
not designhed to establish a stabilization of LOX tank
ullage pressure, the ullage pressure slabilized at ap-
proximately 32.1 N/cm? (46.5 psi). This does not
constitute an ullage pressure control problem. This
fact is pariicularly true since the high pressurant
flowrate was combined with an above average helium
heater combustion temperature which maximized at
1322°K (Fig. 6-19}. Thus, the unique combincd ef-
fects of a cold helium regulator which drifted to the
high side of its opcrating band and a high combus-
tion temperaturc which was caused by an unusually
low LH, tank ullage pressure were not sufficient to
cause the LOX iank ullage pressure to increase to the
level of the upper control switch pressure of 32.6
N/em? (47.3 psi). If the regulator discharge pres-
sure had continued to drift beyond the design limit of
190 N/em? (275 psi), or if complete loss of regula-
tion had occurred, the regulator backup pressure
switch would have commanded the cold helium sole-
noid valve to clese, thereby terminating helium pres-
surant flow, As the switch sensed the decrease in
regulator discharge pressure, it would have com-
manded the control valve toopen, and would have con-
tinued in a "bang-bang™ mode of control.
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PERFORMANCE

6.8.2.1 HELIUM HEATER OFERATION
As shown in Figure 6-19, the S-IV-10 flight
demonstrated the operational capability of the helium
heater as anintegral component of the S-IV stage LOX
tank pressurization system, Helium heater ignition
was normal at S-IV engine start command, with the
combustion temperature rising rapidly to above 556°K
within three seconds, The combustion temperature
continued to rise until it reached 1147°K at 105 sec-
onds after S-IV ignition, and remained relatively con-
stant for the next 62 seconds. The combustion tem-
perature then began to rise again, and reached a
maximum of 1322°K at 341 seconds after S-IV igni-
tion., This rise in combustion temperature was due to
a rise in the helium heater injector mixture ratio,
which was in turn caused by a low LH, tank ullage
pressure (see Section 6,8,1), The combustion tem-
perature performed as expected for the existing con-
ditions, and the maximum temperature of 1322°K was
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below the redline Limit of $1367°K, The temperalure
decreased after the initiation of LH, tank siep pres-
surization,

Helium heater heat flux was satisfactory for the
full duration of S-IV powered flight, averaging approx-
imately 36,565 watts (193,000 Btu/hr) during single
coil operation and 76, 788 watts (262, 000 Btu/hr} dur-
ing double coil operation. The helium heater second-
ary control valve cycled three times during S-IV
powered flight, with single coil mode of operation oc-
curing 76, 7 percent of the time,
6.8.2.2 LOX PUMP INLET CONDITIONS
The LOX supply system delivered the nec-
essary guantity of LOX to the engine pump inlets,
while maintaining the required pressure and tempera-
ture conditions. The LOX pump inlet temperatures
stabilized at the bulk temperature of 90, 6°K within &
seconds after engine start, The temperature then in-
creased slowly, reaching an average of 91,7°K by
8-1IV stage engine cutoff. Throughout S-1V operation,
the inlet conditions, shownin Figure 6-20, were within
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specified engine operating limits of temperature and
pressure. Cold helium bubbling was initiated 489 sec-
onds prior to liftoff and continued satisfuctorily until
termination 188 seconds prior lo liftoff. The LOX
pump inlet temperatures decreased normally, and at
termination of cold helium bubbling, were within the
range of 77.2°K to 79.4°K. This temperature range
compared favorably Lo expected values, By prestart,
the temperature range had increased (41,4 to 94, 2°K)
and was within the required limits (90 to 95.6°K). At
engine start, theinlet temperatures were between 80,7
and 91,4°X, Figure 6-21 provides a time history
covering LOX pump inlet temperatures during cold
helium bubbling and LOX pump cooldown,
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FIGURE 6-21, LOX PUMP INLET TEMPERATURES

6,8.3 COLD HELIUM SUPPLY

During S-IV stage flight, the cold helium sup-
ply was adequate. At SA-10 liftoff, the pressure and
temperature in the cold helium spheres were 2146
N/em? {3112 psi) and 22, 7°K, respectively, indicating
a helium mass of 58.2 kg (128,4 lbm). Based upon
integration of the pressurant flowraile during S-IV
powered flight, it was determined that 38.6 kg (85.2
Ibm) of helium were expended for LOX tank pressuri-
zation from liftoff to S-IV stage engine cutoff. No
makeup pressurization was required during S-1 boost,

The total amount of cold helium residuals in the bot-
tles after S-IV engine cutofl was 18,9 kg (14,6 lbm)
based on indicaled bottle pressure and temperature,
This would indicate that 39,4 kg (86. 8 Lbm) of helium
were consumed, based onbottle conditions. This value
is in good agreement with the integrated flowrate of
38.6 kg (85.2 lbm).

6.8.4 CONTROL HELIUM SYSTEM

The operation of the S-JV-10 pneumatic coh-
trol system was satisfactory during preflight checkout
and during flight. The control helium sphere was
pressurized to approximately 2033 N/em? (2950 psi) ;
it decreased during powered flight to approximately
1844 N/em? (2675 psi) at S-IV engine cutoff. The
sphere temperature ranged from a maximum of 291°K
at Liftoff to a minimum of 273°K at approximately 350
seconds. By 8-1V engine cutoff, the sphere tempera-
ture hud increased to 276°K, The control helium
regulator operated within the desired band of 324
N/cm?, plus 31 and minus 17 N/em? (470 psi, plus 45
and minus 25 psij. The outlel pressure of the regu-
lator varied between 336 and 323 N/em? {487 and 468
psi) during flight,

6.9 S-IV PROPELLANT UTILIZATION

The propellant utilization ( PU} system performed
satisfactorily except for the failure of the LOX fill
valve to close automatically, causing a LOX overload
before the valve was ciosed manually { see Section ).
The desired propetlant load was 38,196 kg (84,208
Ibm} of LOX, and 7777 kg (17, 145 lbm) of LH,. Ac-
cording to the PU system fine mass strip charts, the
S-IV propellant mass at liftoff was 38,339 kg (84, 524
ibm) of LOX, and 7790 kg (17,174 lbm) of LH,, The
residuals above the pump inlets at command cutotf
were 454 kg (1001 1bm) of LOX (including 5 kg, or i1
Ibm, of LOX trapped in the tank) and 37 ky (191 [ m)
of LH,.

Based upon average rates of consumption, a LOX
flowrate {inctuding boiloff} of 79,4 kg/s (175.1 lbm/s)
and an LH; flowrate (including boiloff and consump-
tion due to pressurization) of 15.8 kg/s (34. 8 lbm/s),
when added to the best estimate residuals of 451 kg
(10011bm) of LOX and 87 kg (181 ibm) of LH;, would
have caused S-IV depletion cutoff to occur 5,48 sec-
onds later than the actual flight command cutoff time.
Depletion cutoff wouid have occurred at 484, 91 sec-
onds burn time, as compared to the predicted cutoff
time of 483.13 seconds burn time, If the S-IV-10
stage had been permitted to continue to propellant de-
pletion { LH, depletion cutoff), there would have been
a residual of 18.6 kg (41 ibm) of LOX, which is an
equivalent PU efficiency of 99, 96 percent.

L
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As o comparison, if the flight had been conducted
without the control of engine mixture ratio (EMR) hy
the PU system, a LLOX depletion cutoff would have oc-
curred with a residual of 113 kg (250 lbm) of LH,,
This is equivalent to an efficiency of 99, 75 percent.
This analysis is derived from comparing aciual open
loop EMR, bascd upon propellant supply conditions at
the engine pumyp inlets, to nominal predicted open {oop
EMR.
6,9,1 PROPELLANT MASS HISTORY
The propellant mass history at various events,
as determined by the composite best estimate, is pre-
sented in Table 6-IV below, The values are for total
liguid propeliant mass above the engine inlet, The
actual propellants onboardat S-I liftoff, as determined
by the weighted average technique (composite best
estimale), were within 0,64 percent for LOX and 0, 27
for LH; of the quantities desired.

TABLE 6-1V, PROPELLANT MASS HISTORY
LOX LH,

Event kg 1bm kg ibm
$-1 Liftoff 38,441 | 81,747 | 7,798 | 17, 192
LH, Prestart | 38,441 | 84,747 7,798 117, 192
LOX Prestart | 38,441 | 84, 747 7,689 | 16,951
S-IV Ignition 38, 3a7 | 84, 582 7,652 | 16,870
PU Activation | 38, 100 | 83, 996 7,599 | 16,754
Residual 154 1, 001 87 191

These mass and accuracy values are determined
by applying a weighted average technique to the mass
accuracy values and to the flowrate integral, PU sys-
tem, and flight simulation masses,

6.9,2 SYSTEM RESPONSE

The PU system responded properly during
S-I1v-10 flight, and provided the PU valve movement
necessary to correct for mass errors inherent within
the system, Figure 6-22 shows the typical movement
of a PU valve during $-1V flight.

At the time of PU system activation, the system
sensed a positive eguivalent LOX mass error, indi-
cating an excess in LOX of 290 kg (639 lbm), and

FIGURE 6-22.
UTILIZATION VALVE POSITION

TYPICAL PROPELLANT

positioned the PU valve for a higher engine mixture
ratio (EMR) to correct the error. The factors pri-
marily responsible for this PU valve excursion were
nonlinearities in the system, open loop flow varia-
tions, and the initial LOX mass error sensed in the
system. This initial mass error on SA-10 was caused
by loading errors and by nonnominal cooldown usage
as detected by the PU system.

The average engine mixture ratio excursions
during flight varied between 5, 34 and 4. 95; these ex-
cursions are well within engine operation capabilities.

6.9,3 PUSYSTEM COMMAND

The PU sysilem is designed to originate three
commands:

i. PU system gain change
2. LH, tank step pressure
J. Arm all engine cutoff.

All three commands occurredat the proper times;
however, thethird command was preceded by a signal
from the IU.

The PUsystem gain change command was sched-
uled to occur when the PU system indicated that the
LOX mass haddecreased to 32,860 544 kg (72,445 ¢
1260 lbm), The command was observed to occur at
217,85 seconds, The LOX mass at this time was
32,842 kg (72,405 lbm), which was within the toler-
ance range.

The LH, tank step pressure command was sched-
uwed to occur when the PU system indicated that the
L.OX mass had reached 11,255 1 544 kg (24,813 + 1200

- =
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lbm). This command was observed to cccur at391, 38
seconds, at which time the LOX mass was 11,222 kg
(24,785 lbm), This mass value was within tolerance.

The Arm-all-engine cutoff command was sched-
uled to occur when the PU system indicated that the
LOX mass had reached 878 + 227 kg (1936 + 500 lbm),
or upon command of the IU. The IU command, which
preceded the PU system command, occurred at 589, 4
seconds. The PU system command was observed to
occur at 624.94 seconds, at which time the LOX mass
was 847 kg (1867 lbm), This mass was within toler-
ance,

6,10 S-IV HYDRAULIC SYSTEM

The hydraulic systems of all six engines func-
tioned properly during S-IV-10 powered flight, Te-
lemetry data of pressure, iemperature, and position
were similar to the previous flights. No system mal-
function or incipient performance degradation was
evident in the data received.

Prior to engine start, the engines were satisfac-
torily positioned by the accuamulator charge. At en-
gine start, the pressurizedfluidof the hydraulic pumps
recharged the accumulators to the bottomed position
and maintained operating pressures above the accu-
mulator GN, pressures, Allof these events were con-
sistent with normal system operation.

6.11 ULLAGE ROCKETS

Ullage rocket performance was satisfactory, and
all rockets jettisoned properly at 161, 13 seconds. The
ullage rocket ignition command was given at 149, 03
seconds, with chamber pressure of each of the four
rockets increasing at a rate of approximately 19,016
N/em?/s (27,600 psi/s) as shown in Figure §-23.

FIGURE 6-23.

ULLAGE ROCKET CHAMBER
PRESSURE

The pressure averaged approximately G675 N/cm?
(980 psi) and was within the nominal predicted oper-
ating band of 689 + 69 N/c¢m? (1000 + 100 psi). The
burn time at which the pressure was above 90 percent
thrust or approximately 586 N/cm? (850 psi) was 3.7
seconds, as compared (o the required minimum burn
time of 3.0 seconds. A comparison of the ilight data
with the manufacturer's data reveals that the overall
pressure profiles during burning were typical for a
grain temperature of 294°K. At burnout, the chamber
pressures of all four rockets decreased simultane-
ously.

Total stage ullage rocket impulse (parallel to the
axis of the stage) was 183,711 N-s (41,300 lbf-s),
and the total ullage rocket impulse (parallel to the
axis of the rocket) was 225,649 N-s (50,728 lbf-s).
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SECTION VI, GUIDANCE AND CONTROL

7.1 SUMMARY

The overall performance of the guidance and con-
trol sysiem was as expected and very satisfactory. A
maximuam roll attitude error of -2.1 degrees accurred
a1 56 seconds due to the unbalunced aerodynamic lorces
caused by the 8-I stage turbine exhuust duct {airings.

A vehicle roll deviation of -2, 8 degrees developed
during separation, mainly due tothe 0. 51-degree tofal
misalignment of the S-IV ullage rockets, but was
yuickly reduced to zero when $-1V control became ef-
fective.

The overall performance of the guidance system
was very sutisfactory. The vehicle's total space fixed
velocity from tracking at S-IV cutoff was 7591.50 m/s
at an altitude of 535.706 km and a space [ixed path
angle of 90. 007 degrees. In each case the ditferences
between these values derived from precalculated minus
compuler, precalculated minus tracking, and com-
puter minus tracking fell well within the 3 ¢ band in-
dicating excellent overall guidance system accuracy.
The S§T-124 velocity components are in agreement
with those indicated by the ASC-15 computer through-
out flight.

The measured velocity difterences are the tele-
metered ST-124 accelerometer data minus tracking.
The predicted differences are based upon the 8T-124
laboratory calibration test results. These predicted
ditferences were adjusted for the ST-124 stable ¢le-
ment leveling and azimuth alignment errors deter-
mined at launch, In all cases, the measured velocity
differences fall within the 3 v error bands. In addi-
tion, there is rather good agreement between the
measured and predicted velocity differences in the
runge and cross range directions. However, the
agreement between the measured and predicted alti~
tude velocity difference is rather poor. The observed
space fixed velocity was 0.5 m/s less than the com-
puter presetting, If the ST-124 laboratory calibration
data had been used to adjust the preset,space fixed
velocity the resulting error would have been about 0,4
m/ s greater than the desired cutoff velocity, The in-
crease in vehicle velocity due to S-IV thrust decay,
determined from guidance, was 0,13 m/s less than
the predicted value of 3,04 m/s. Tracking indicates
a 2.8 m/s velocity increase due to thrust decay; how-
ever, this is due to round-off error since guidance
was used to construct the trajectory during the cutoft
periods.
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7.2 SYSTEM DESCRIPTION

SA-10 was the fourth Saturn vehicle to employ a
tully active 8T-124 guidance system. The principal
functions of this system were:

1. To generate attitude error signals for vehicle
control and steering throughout {light,

2, To issue limed discretes to the spacecraft,
Instrument Unit, S-1V, and S-1 stages for sequencing
vehicle events throughout the entire tflight period in-
cluding Pegasus wing deployment,

3, To compule und issue steering commands for
active path guidance during S-1V stage burn,

4, To terminate path guidance and initiate S-IV
engine shutdown at the preset space [fixed velocity.

The ST-124 guidance systemconsisted of the 8T-
124 stabilized platform assembly and electronics box,
the GSP-24 guidance signal processor, and the ASC-
15 digital computer. Figure 7-1 shows the inte rrela-
tionship between the components of this systiem and
their integration with the elements ol the vehicle's
control system. The operational periods of these
major guidance and control sysiem components are
also indicated.

The ST-124 guidance system generated attitude
error signals (Ag¢'s} by comparing the three command
resolver signals (x's) with the four ST-124 gimbal
resolver position signals (4's). Theangular rate inlor-
mation required for damping vehicle disturbances was
obtained from the three axiscontrol rate gyro package
located in the Instrument Unit. Vehicle lateral accel-
eration control was accomplished inboth the pitch and
yaw planes during S-Iflight by meansof two body fixed
control accelerometers located in the Instrument Unit.

In order to supply the total vehicle system with
the basic timing signals from asingle source {ASC-156
compuier), new time hases must be generated during
flight. Thefirsttime base started when the Instrument
Unit umbilical separated from the vehicle and ended
at S-I propellunt level sensor arming, The second
time base began at activation of the first propeliant
level sensor and terminated when the S-I thrust OK
switches were ganged for backup of the normal OECO
mode. The third time base commenced with OECO
and continued throughout the remainder of powered
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fHight (until S-IV guidance cutoff command)}, The final
time base started when the computer sensed cutoff
(0. 688 second actual compared to 0,685 second pre-
dicted) after S-1V cutoff signal,

Pitch and yaw plane path guidance initiated at
separation command plus 18. 13 seconds. This was
accomplished by uanlocking the brakes on the three
command resolvers in the guidance signal processor,
loading the ladder networks in the digital computer
according to the measured guidance values, and issu-
ing the computed correction signals (x) to the com-
mand resolvers in the guidance signal processor.

The iterative guidance mode (IGM) was employed
for the pitch plane path guidance program to compute
the reguired steering command ()'(z) from the real
time measured slate variables each second. Toler-
ances in engines and stage alignment, resolver chain
errors, computational time lags, and other inherent
conditions result in the misalignment of the thrust
vector withrespect to the guidance plane, Pitch plane
steering misalignment correction (SMC or X4 ) was
introduced shortly after guidance initiation to correct
for this condition,

Delta-minimum path guidance, where the vehicle
isconstrained to a predetermined reference, was em-
ployedinthe yaw plane, Both the cross range velocity
and displacement were utilized to steer the vehicle
back into the reference plane. The range of possible
initial conditions at the introduction of guidance ne-
cessitatedlimiting the cross range steering command
(XCR} to Q.25 radian (14,3 degrees) to prevent sat-
uration for too long a time,

When the computer's space fixed velocity vector
reached the initial ASC-15 computer presetting
(Vs = 7546. 00 m/s), the signal was issued to lock
command modules, the steering commands were ar-
rested, and path guidance was ferminated. The com-
puter then shifted toa faster cycle in which it searched
for the cutoff velocity of 7592, 00 m/s, space fixed.
When this value wasattained, the computer issued the
guidance cutoff command which initiated shutdown of
the S-IV engines. The final space fixed velocity
achieved by the vehicle at the end of S-IV thrust de-
cay was predicted to be 3,04 m/s higher than the ve-
locity at guidance cutoff command, The actual veloc-
ity gained due to thrust decay was 2, 9 m/s,

7.3 CONTROL ANALYSIS
7.3.1 S-ISTAGE FLIGHT CONTROL
7.3.1.1 PITCH PLANE

In the pitch plane, the performance of the
control system was very good, The magnitudes of the

control parameters were small throughout S-I sfage

flight., The muaximum values observed near the Mach
1 and maximum dynamic pressure regions were:
I
Range
Parameters Units Magnitude | Time
(sec)
Attitude Error {dey) 0.8 77.5
Angle of Attuck
({ree-stream) (deg) ~-0.9 74.2
Angular Rate {deg/s) -1.0 72.5
Normal
Acceleration {m/ s%) -0.5 74.5
Actuator
Position (deg) -1.3 73.8
Angle-of-Attack
Dynamic Pres-
sure Product | (deg-N/cm?) 3.2 74.1

The vehicle pitch and roll programs were pro-
vided by the ASC-15 computer. The pitch program
(X, ), which consists of a third order time dependent
pofynomial with three time segments, began at 9.28
seconds and was arrested at 138, 99 seconds at 52,5
degrees from the launch vertical (Fig. 7-2}. This
program 1s identical to that of SA-8 and essentially
provides a minimum angle of attack through the high
dynamic pressure region, assuming a zero wind pro-
file.

Significantfirst mode propellant slosh frequencies
(0.9 to 1,3 Hz) were indicated by the pitch angular
rate and engine actuator deflections (Fig, 7-3) be-
tween 70 and 120 seconds., This sloshing is similar to
SA-9 and SA-8, but the peak to peak value in the an-
gular rate of 0.2 deg/s was smaller on SA-10,

Figure 7-4 shows the comparison of the winds and
angles of attack calculated from the onboard Q-ball
measurements and a rawinsende balloon release near
launch time, The angle-of-attack wind (calculated
from @-ball angle of attack, attitude angle, and tra-
jectory angle) is in fair agreement with the rawin-
sonde wind, The largest pitch wind component near
max @ was 10,2 m/s,

7.3.1.2 YAW PLANE

Performance of the control system in the yaw
plane was very satisfactory (Fig, 7-5). Maximum
control values for S-I powered flight were:
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The rawinsonde and angle-of-attack yaw plane
winds are shown in Figure 7-6. A closc comparison
was obtained by assuming a 0.2-degree yaw misalign-
ment of the Q-ball sensor. The maximum yaw wind
component near max Q was 9.8 m/s computed from
the onboard Q-ball and 12 m/s from the rawinsonde
balicon release,
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FIGURE 7-6. YAW PLANE WIND VELQOCITY AND
FREE STREAM ANGLE OF ATTACK
7.3.1.3 CONTROL DESIGN PARAMETERS
A comparison of the SA-10 flight results
anl Block II control system design criteria for total
actuator deflection; angle of attack; and dynamic pres-
sure, angle-of-attack product is shown in Figure 7-7,
The design values are husedon a 95 percent nondirec-
tional wind velocity with 2 ¢ shears and 11 percent
variation in aerodynamics. Twe sigma variations in
propulsion system performance and vehicle mass
characleristics were also considered in arriving at
the design values, The S8A-10 data are well within the
design values, falling either below or in the lower
poriionof the envelope observed on the previous Bleck
II flights,

7.3.1.4 ROLL PLANE

SA-10 roll control functioned as expected,
Roll parameters are shown in Figure 7-8. At 9,29
seconds the required launch-to-flight azimuth (90 to
95. 2 degrees roll maneuver) program began, rotating
the vehicle's pitch and yaw axes into coincidence with
the stabilized axes, The required 5, 2-degree maneu-
ver, executed at a rate of { deg/s, was completed at
14.49 seconds ( Fig. 7-2).
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The roll axis maximum control values measured
S-I stage propelled flight were:

[uricg Holl Maneuver After Roll Madcaver

Parameter Range Tume gy i

Magretade | T TURE ]y i, | ke Time
1 =) Uty
Atliluck Errer (deg) 1.0 i1,z -1 30,4
Angtar late (ueRs) AL 2.4 G h EHN

Engine Defllection

Roll (dey) [ 10,6 -0 4 [EN)

As on previous flights, a significant attitude er-
ror (-2,1 degrees) was observed near max Q. This
roll attitude error is attributed to unsymmetrical
flow aboutthe turbine exhaust fairings (see Reference
3).

7.3.2 S8-IV STAGE FLIGHT CONTROL

The performance of the vehicle control system
was excellent throughout S-IV powered flight, The
system responded properly to the transients during
S-I stage separation and following path guidance ini-
tiation. The pitch, yaw, and roll attitude errors are
presented in Figure 7-9.

bt
coT o e Y { [ ?
! . I . . ! i {

1
RS
i N
!
i
i
.
PPN I

[ RS

A

FIGURE 7-9,

S-1V STAGE ATTITUDE ERRORS

At path guidance initiation (167.26 secends), the
vehicle's space fixed velocity was 0.16 percent higher
than predicied and its altitade was about 1.9 km higher
than predicted, This condition caused the guidance
system to issue a nose up pitch steering command
correction (AX ) which peaked at 10,9 degrees from
the previous value of 52.5 degrees, at 180 seconds.
During this period (at 171 seconds), the ST-124 plat-
form issued a maximuwm nose down pitch attitude er-
ror signal of 1, 7 degrees to the vehicie flight control

system. The vehicle pitch program (x4) reached a
minimum angle of 41,6 degrees at 180 seconds { Fig.
7-10}.

P fnewd

FIGURE 7-10. VEHICLE RESPONSE TO PITCH
PLANE GUIDANCE INITIATION

In the yaw plane, the ASC-15 computer data
showed that the vehicle was slightly to the left (7.2
m/s and 800 m) at guidance initiation. Consequentiy,
the guidance system issued maximum steering com-
mand corrections of 1.2 degrees X and 3. 9 degrees
Xy (nose right and CW viewed {rom the rear) at 172
seconds; i.,e., X reached a maximum value of 5,7
degrees at 172 seconds. At this time the largest at-
titude error signals issued by the ST-124 {o the ve-
hicle flight control system were -3.0 degrees yaw
(nose left) and 0,2 degrees CCW roll. The maximum
yaw and roll attitudes resulting from the initiation of
yaw plane guidance were 5,5 degrees (nose right) and
0.3 degree CW, both at 174 seconds.

The overall performance of the guidance system
was excellent. At guidance initiation the computer
indicated that the vehicie was slightly to the left.
About 270 seconds later these initial values of 7.2
m/s and 800 m reached 0 m/s and 144 m to the left.
A slight yaw steady state attitude error caused the
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cross range velocity und displacement (measured by
the computer) to increase to -0.3 m/s and =180 m at
S-IV culoff; these values compare favorably with the
precalculated trajectory values of -0.1 and -187 me-
Lters,

The pitch plane steering misalignment correction
term (Xy ), introduced some 6 seconds after guid-
ance initiation, increased from 0.9 degrec shortly
after guidance initiation to 1,5 degrees at the end of
path guidance. This variation was well within the ex-
pected range,

The §-1V slage steady stae attitude errors and
engine deflections were near the predicted valucs.
The mean pitch attitude error increased from 0.3 de-
gree nuse-up at 200 seconds 1o 0, 4 degree ut 625 sec-
onds, The predicted steady stlate attitude error his-
tories differed from flight values by 0.2 degree or
less, in u nose-up direction. The minor discrepuncy
between the measured and predicted valuescan be ac-
counted for by small thrust vector misalignments und
4 center ol gruvity offset different from predicted,

The mean yaw attitude error increascd irom 0, 2
Jdegree nose-left at 180 seconds W 0, 5 degree nose-
left at 625 seconds, The predicted steady state atti-
tude error histories differed from tlight values by
0.1 degree in a nose-left direction, This discrepancy
is attributed to the same fuctors as the pitch attitude
error discrepancy,

The mean roll attitude error was less than 0,1
degree throughout S-1V stage powered flight.

Vehicle steering commands were arrested when
the space fixed velocity vector computed by the guid-
ance system reached 7546.0 m/s. This occurred
about 2.0 seconds betore S-1V guidance cutoff com-
mand, The steering command angle x, was arrested
at 124, 05 degrees (630.25 seconds), just 0. 13 degree
less than predicted, Predicted cutotf time was 632, 57
seconds.

The ungular rates resuliing from steering arrest
and 8-1V stage thrust decay were nearly zero, At the
end of S-IVthrust decay the angular rates were -0, 04

deg/s in pitch, -0, 006 deg/s in yaw and 0, 01 deg/s in
roil,

7.4 FUNCTIONAL ANALYSIS
7.4.1 CONTROL SENSORS
7.4.1.1 CONTROL ACCELEROMETERS

The two body fixed control acceleromelters
which were located in the Instrument Unitl to provide
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partial load relief in the pitch and yaw planes from 33
to 102 seconds, f{unctioned properly., TIigure 7T-11
shows the measured lateral accelerations, translated
to the vehicle CG, Peuk lateral accelerations of -0, 5
m/s? in pitch and 0.6 m/s? in yaw were measured near
mux Q. In general, these telemetered values agree
with flight simulation reswts within 0,1 m/s?, S-1
and S-IV propellant sloshing and the first two vehicle
bending modes were evident in thesc meuasurements
during portionsof the time that accelerometer control
was actlive,
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FIGURE 7-11,
ACCELEROMETERS

PITCH AND YAW CONTROL

7.4.1.2 ANGLE-OF-ATTACK SENSORS

Pitch and yaw angle-of-atiack components
were measured by a model F16 Q-hall angle-of-attack
trunsducer mounted on the tip of the launch escape
system (LES) and by Edcliff angle-of-attack meters
mounted on booms at the tips of fins I andII. The
Q-ball transducer functioned properly, When using a
0, 2-degree yaw misalignment on the Q-ball, resulls
compare well with the calculated angles of attack from
measured wind data, trajectory parameters, andtele-
metered attitude angles. The Edcliff meters did not
function properly during any portion oi the flight. It
wus impossible to find any faectors thatcould correiate
these measurements with the calculated or Q-ball
angles of attack. No explanation for the discrepancy
wus found since two previous flight tests of these
measurements, in the same location, produced reli-
able data, Maximum angles of attack of ~1. 0 degree
in pitch and 1.1 degrees in yaw were measured near
the max Q region,

SA-10 was the second tlight test of a network to
determine the vector sum of the pitch and yaw angle-
of-attack Q-ball measurements for possible use in the
future emergency deteclion system (EDS), This
measurement indicated probable satisfactory per-
formunce for EDS use. As on SA-8, the reduction of
the telemetered signul is sensitive to the lower



nonlinear portion of the calibration curve. However,
this applies to small angles less than 1,0 degree und
is nol considered a problem for EDS use.

7.4,1.3 RATE GYROS

SA-10 carried only two rate gyro packages;
poth functicned properly, A x 10 deg/s range, J-axis
control rate gyro puckage located in the Instrument
Unit was used to provide piteh, yaw, and roll angular
rate information for vehicle control throughout flight.
The second rate gyro package, also a 3-axis of &+ 10
deg/s range, was a conlrol type unii being flown for
development purposes and was located in the thrust
structure area of the S-1 stage.

7.4,1,4 CONTROL ACCELERATION SWITCH

The control acceleration switch on SA-10
appeared to close about 1,0 second later than pre-
dicted, whichis longer than that observed on SA-9 and
SA-8. Laboratory tests of this switeh located in the
Instrument Unit indicated a switch closure initiation
value of 0.303 ¢ with a time delay of 0, 4 second (time
from sensing of g value to switch closed signal}. Fol-
lowing is a comparison of the operation of this switch
on the last three flights. A note of caution must be
made when evaluating this tabulation since the meas-
urement F55-802 is on 4 commutated channel,

T-12. The calculated resolver error was obtained by
subtraciing the calculatwed pitch attitude error from
the telemetered attitude error. The calculated atti-
tude error was oblained from a vector balance using
the guidance system measured space fixed accelera-
tion, the body fixed pitch and longitudinai accelera-
tions, and the telemetered pitch steering command
{x,). Predicted and calculated values of pitch axis
resolver error have the same general shape and in-
dicate fair agreement except for the period during
S-IV stage flight after puidance initiation, These pitch
axis resolver chain errors had only an extremely
minor effect on the vehicle latitude at S-TV cutoff,

Since the predicted resolver chain errors based
on laboratory measurements in the yaw and roll uxes
were very small, no comparison was altempted be-
tween predicted and calculated values,
7.4.1.6 FLIGHT CONTROL COMPUTILR AND
ACTUATOR ANALYSIS

The commands issued by the control com-
puter to position the actuators were correct through-
out the entire controlied flight period of both stages.
These engine positioning commands were well within
the load, gimbal rate, and torque capabilities of the
§-1 and S-IV actuators. The performance of all eight
S-1 and all twelve S-IV stage actuators was satisfac-
tory.

7.4.1.5 RESOLVER CHAIN ERROR

COMPARISON

The total resolver chain error in any axis
is the angle difference between the output angle gen-
erated by the ST-124 and the input angle commanded
by the ASC-15 computer.

A comparison between predicted and calculated
pitch axis resolver chain error is shown as a function
of the pitch command resolver angle (x,} in Figure

Event
Parameters SA-8 SA-9 SA-10 Parameter | Type of Data Liftoff max Q | OECO
Switch Setting (g} 0.254 | 0.254 | 0.303 Gimbal Rate |Measured 2 1
(deg/ s) Design Limit 11 17 11
Predicted Time Delay
(sec) 0.3 0, 0.4 Torgue Measured 6,700 10,780 | 14,150
: : (N-m) Design Limit | 13,500 | 24,200 [22,500
Actual Delay (sec) 0.7 0.9 1.4
Delay After Separation S-I Stage (maximum actuator deflection was ~1.3 de-
Command (sec) 0.7 1.0 0.9 grees; occurred near max Q)

Event
Parameter | Type of Data Ignition | Cutoff
Gimbal Rate | Measured 3.3 0.4
(deg/s) Design Limit 18, 8
Torque Measured 700 420
{N-m) Design Limit 1180

S-IV Stage (maximum actuator deflection between S-IV
ignition and S-1V cutoff was 1.7 degrees;
measured at 151 seconds)
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PROPELLANT SLOSHING

7.5.1 5-1 POWERED FLIGHT SLOSHING

<

None of the §-1 stage propeliant tanks curvried
slosh monitoring instruments; however, both S-IV
stagetlanks were instrumenled with a continuous level
sensor for the S-1V propellant utilization system which
also indicates S-IV slosh amplitudes,

The pitch and yaw engine actuator positions were
bandpass fiitered atthe slosh frequency; the resulting
predominant frequencies are shown in the top portion
of Figure 7-13. The maximum peak-to-peak response
of the engines to sloshing was 0, 34 degree in pitch at
85 secondsand 0,26 degree in yaw at 77 seconds ( mid-
dle portion of Figure 7-13}, The S~IV LOX slosh am-
plitudes, calculated from onboard slosh monitoring
and theoretical transfer functions using engine deflec-
tions, are compared with SA-8 atthe bottom of Figure
7-13, As on SA-8 it appears that the actuator deflec-
tions result from the vehicle being drivenby S-1V LOX
tank sloshing from 75 to 110 seconds,

7.5.2 S5-IV POWERED FLIGHT SLOSHING

The LOX and LH, slosh amplitudes and fre-
yuencies were very similar to those measured on the
SA-8 flight., The slosh amplitude history agrees with
the pattern seen on previous flights. and the fre-
yuencies agree well with thuse predicted.

4

e I

3

FIGURE 7-13, SLOSH DURING 5-1 POWERED
FLIGHT



7.6 GUIDANCE SYSTEM PERFORMANCL

The overall performunce of the ST-124 guidance
system (ST-124 stabilized platform und electronic
hox, guidance signal processoy and ASC-15 computer)
was very satisfactory. Detailed analysis of the tele-
metered guidance system data is discussed in subse-
yuent parts of this section,

7,6,1 GUIDANCE INTELLIGENCE ERRORS
Guidanceintelligence errors are defined as the
differences between the range, altitude, and cross
range inertial velocity components measured by the
8T-i24accelerometersand the corresponding param-
elers calewated from tracking data,

The sources of the guidance intelligence errors
may be divided into two general categories; component
errors and system crrors. The component errors,
scale factor and bias, are those which are atfributled
directly to the guidance accelerometers, The system
errors, contributed by the stabilized element on which
the accelerometers mount, are: gyro drift rates
{constant and g-dependent), platlorm leveling errors,
nonorthogonality of the accelerometer measuring di-
rections, and misalignmentof the platform flight azi-
muth., Wilh the exception of the leveling and azimuth
errors, information on expected errors was obtained

Lahboratory (ar prelaunch)
measured errTCr Sources

Azimuch
Alignment (cdep)

Platform Leveling
About X and 2 (deg}

Accelerometer
Misalignment (deg)

by luboratory measurements several weeks prior w
launch., The leveling and azimuth errors were de-
termined from datu which were available only im-
mediately before liftoff,

The predicted ST-124 inertial velocity differen-
ces for the SA-10 [light test were based on laboratory
calibration of the ST-124 stabilized platform system
(Fig. 7-14 and Table 7-1). Additional veloeity dif-
ferences due to accelerometer leveling and azimuth
alignment errors were determined from launch data,
The 8T-124 system 3 ¢ error band for each velocity
component is used as the standard for comparisen
with the actual inertial velocity differences deter-
mined from the postilight trajectory analysis,

Examination of each inertiul velocity component
difference (accelerometer-tracking) displayed in Fig-
ure 7-14 indicates that some of the intlight veloc-
ity error sources donot agree with thelaboratory and
pretaunch error sources u.xthm Jhe 3 g limits, In
fact, in several cases (oY/}s oY/Y oL/\) the anal-
ysis errors werce smaller and within the 3¢ limits
\»heled:. exg,ht of the plbdlCtEd grrors were larger
(6X, oY, 67, 6X/X, ox/¥, 6¥/¥, $z/X, SFy) than
3 g,

The magnitude of the predicted lateral velocity
deviation was similar to that which was actually

Error sourves determired ———— 37 Errar Band

from trajectory analvsis

a

Gyre Drift Rates,
Constart {deg/hr)

0.006 M, My, My, Xy fz
. — 2 LR
0,010 Ly Ly 0.020 0.004 4 0.20
0.005 —_———— — 0.010 0.002 1 ll m 0.10
I8} 1 0 Q - - — 0
L0.005 4= = — — ————  -0.0l0 -0.002 u—' cio0d 11T T T T T
-0.010 0,020 0,004 o 020
e e e o — —
-0.00¢ 4
Gyro Drift Rates, a Dependeet {degfhriz)
e . o B . . . Accelerometer Bias (m/s/s Accelerometer Scale Factor (
030 K A WE v ez v o ™ ) or (878)
B B B SF ST, SF
0. 0.0010 * ¥ ¢ 0. 00004 * ¥ 2
c. 2 0.0005 — —_ —_— — 0.0 ——— = —— EH_
—fhT bt 11 o 4L
-6 {' - 5 S T0.0005 — — —— — — = 00002 4 — — —— — — —— =
~0.70 4 -0.001D -0.00004
-0.30 3

FIGURE 7-14. ST-124 STABILIZED PLATFORM SYSTEM ERROR SOURCES
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TABLE 7-1, GUIDANCE INTELLIGENCE ERRORS
Laboratory and Ervor Sources . ineriai Vf.uocity Dij'femnce.u( S-I\/‘__Cui.otf (m/s)
Parameters Symbol|  Units Pre-Launch Meas. | Estublished from Ertor s AXj AY; AZy
Error Sources Traj. Analysis RBand Lab Traj Lab Traj | Lab Traj
b
i, System Errors :
a. Platform Leveling deg £0,005 !
1) Abeut X Axis Ly 0 -0, 169 x 1072 U 0 ¢ v 0| O.uy
2) About Z Axis L, 0 0,697 x 1072 0 | 0.3 0 1-0.90 0 ¢
b, Azimuth Alignment ALA deg -1, 39 x 1073 0,081 x 1072 £0. 01 0 o <017 012
¢. Accelerometer Misalignments deg + 0,005
1) Range Accel Rotaled Toward Z Axis My, 0. 2944 x 1072 0.2944 % 1072 o 0 vl 0 0
2) Altitude Accel Rotated Toward X Axis My -0, 186 x 1072 -0.193 x 1072 0 ] V.24 W25 ] ]
3) Altitude Accel Rotated Toward 7 Axis MY: 0.2138 x 1672 9.2139 x 1072 ¢ 0 0 ¢ 9 0
d, Gyro Dvift Rates, Constant , deg/hr +0, 075
1) Yaw (X) Gyro {About X Axis) oX 0. 230 -0,226 0 0 0 0] 0.02]-0.02
2) Roll (Y) Gyro (About Y Axis) oY 0. 138 0.139 0 0 0 ¢ | .7} 1,73
3) Piwch (Z) Gyro (About Z Axis) 02 0. 125 0.112 3. 01 -0, 01 ~1,57 | -1,40 0 o
e, Gyro Drift Rates, g-Dependent . .. | desshr/g £0.075
1) Yaw (X) Gyro (About X Axis Due to \J éx./.x 0. 241 -0.043 ] ] [t Q 0.12] -0, 02
2) Yaw (X) Gyro {About X Axis Due to .1:) b)\/Y -0. 086 0, 086 ] 0 0 0 0,22 -0,21
3) Roll (Y} Gyro (About Y Axis Due to X) 0Y/X -0, 111 -0.096 0 t] ] 0 y-1,51-1,30
4} Roll (¥) Gyro (About Y Axis Due to ¥Y) oY/Y -0, 45 -0.028 0 [V 0 0 {-0.55]-0.34
5) Pitch (Z) Gyro (About Z Axis Due to 2() {JZ/.‘( ¢, 101 0, Gud <0005 | -4,05 | -1.38 1 -1.27 Q 4]
6} Pitch (Z) Gyro (About Z Axis Due to Y)| ¢Z/Y 0. 04y -0, 12¢ 012 -0,24 00581 L4 Q 0
2, Component Errors
a, Accelerometer Bias m/s/s £5.0 x 107¢
1) Range Accelerometer By -2.3 x 1074 5,20 x £074 -0, 15| u,33 Q (1] (LI 0
2) Altitude Accelerometer By -0.46 x 1074 7.40 x 1074 v ¢ | <005 0,47 v 0
3} Cross Range Acceleromeler B, <42 x 107 -1,6 x 1074 U y 0 U |-0.10 0
2. Accelerometer Scale Factor B/8 2.0 % 1073
1) Range Acceleromeler SF, -0, 64 8 1978 -1.26 x 1070 -0, 06 1 -0, 04 [ g U Y
2} Altitude Accelerometer SFy 1% 107 -0.38 x 1078 0 ¢ U.04 [ -0, 01 0 U
3) Cross Range Accelerometer SF; 2.9 1078 2.9 x 107° o 6 0 0 0 0
Towl Error (m/s) -0, 15 0,27 3,297 -1, 42 1-0,40 ] =0, 05




observed bul was opposile in polarity (Fig. 7-15).
The required change indrift rates to producq.l,hi‘s con-
ditionis reflectedin the drift vates (8X, 0X/X, 6Y/Y),
as shown in Figure 7-14 and Table 7-L,

FIGURE 7-15. INERTIAL VELOCITY COMPONENT
DIFFERENCE (ACCELEROMETER-TRACKING)

A comparison of theaccelerometer, tracking, and
precalculated trajectory inertial velocity components,
and total velocities is presented in Table 7-11. The
velocity differences between the accelerometers and
the tracking data indicate satisfactory consistency at
the various tlight times and all of the inertial velocity
differences (accelerometer-tracking) fall within the
3 o band.

Figure 7-15 compares the inertial velocity com-
ponent differences (accelerometer-tracking) with the
3 ¢ error hunds, The indicated predicted velocily
differences at S-IV cutoff are the laboratory total ve-
locity differences [rom Table 7-1. Figure 7-16 shows
the residual inertiul velocily components {(trajectury
analysis-tracking) together with the velocity compo-
nent differences (accelerometer-tracking and trajec-
tory analysis results). The irajectory analysis is a
simulation of the inertial velocily components using
the guidance errors shown in Table 7-1. The residual
velocity differences fall well within the trucking wce-
curacies, indicatling a satisfactory trajectory analysis
solution to the measured velocity differences,

TABLE 7-1I. COMPARISON OF INERTIAL GUIDANCE VELOCITIES (Vi’ Xi' Yi' ii}

Event Towl Velocity {e/s) Hange Velodity (m/ sy Altitude Velovily (indsy Uross Hange Veloolly (iy's)
Runge Timu Trpe of Lua Aclual Vel, Diff, Actual Yel, Inff. Achual Vel. Dilf. Actual Vel, Diidll
(8
Avceleromueter EEHIN 2024, 6 2966, ¢ -y
1BCO Tracking 3501, 2 2024.3 24966, 2 -G, 2
14z, vz Precadealated 3388, 0 20397 29515 -4,
Aceed - Track -y, 1 Ui -0.2 [
Brecal - Trak -3, 2 15,4 14,4 1,7
Aveelerometer 3778 2170, 3086, 4 -6, %
OECU Tracking £ZZU Q 21796 BL T | SRS )
145, 12 Precudoulatesd 3772, 7 21830 3069, 5 -ds
Aceel - Track 0.1 ¢ =02 VAR
Precal - Track -6, 13.4 -17.3 1,6
Aceceleromeler 3nnG, 2 2268, 3 3155, 45 -7.1
Guidance Tracking 388G, 1 226y, 1 4150, 6 -4
Initiation Precuieulated KLY N 2280, 8 3137.7 ST
167,26 Accel - Track 6.1 0.z -1 u 4
Brecal - Track -7 0 12,7 -17.9 1>
Acecterometery =03Y, 8 Tan, 0 31477 U8
SV Traking 5044, 2 TIYT.Y 3149, 0 -0.3
Culolt Precdeudated U, 5 T400. 0 3170, 4 -1
P Aceel = Teack -0.4 LIS -3 [{IY]
Precal - Track iu, 3 2.1 21,4 .
3¢ Ervor Band 1007 15 rlod 1,9
Acceleremeter sU41.4 T00, 4 46,1 -0 3
(rbitd Tracking LI O 7400, 3 RIE YR R U
Insertion Precaledated HOSZ, 2 T402.5 3165, 7 -u1
G40, 202 Accel - Track ~u. 4 dot -4 Gou
Precat - Track 10,4 2,2 22 U,

17



f -+ g
: i [ b
"
! ! !
i 3 e -
: ; e .
! T !
~ —
! g
| ! 1
’ 1 :
h [s] i
/-

FIGURE 7-16.

RESIDUAL INERTIAL VELOCITY
COMPONENT DIFFERENCES ( TRAJECTORY
ANALYSIS-TRACKING)

7.6.2 GUIDANCE SYSTEM PERFORMANCE
COMPARISONS

A comparison of the precalcuated trajectory
and ASC-15 computer space fixed velocity and velocity
components at S-IV cutoff with the tracking data is
presented in Table 7-I1II. The velocity differences
(computer-tracking} fall within the specified 3 o er-
ror bands, The total space fixed velocity differem:es
of 0.5 m/s was the result of a 0.1 m/s errorin X,
a 1,2 m/s errvor in i’s, and a 0.1 m/s error in is’
The contribution of each of the component errors to
the total velocity error was as follows: z}.ﬁs (20 per-
ce.nt or 0.1 m/s), A‘f(s (80 percent or 0.4 m/s), and
AZ g (0 percent or 0 m/s).

TABLE 7-III,

The space fixed range and altitude velocity dif-
ferences {computer-tracking) indicate the excellent
performance of the iterative guidance mode (IGM)
scheme in the pitch plane; i.e, while A}.(s and AY
dilfer from the precalculated trajectory values by ap-
proximately twice the 3 v error values, the tolul space
fixed velocity vector difference is only ¢. 5 m/s. This
is the third flight test in which the predicted and ac-
tual space fixed cross range velocitly differences fell
within 3 v (+ 1.81 m/sj of each other at S-IV cutotl,

In Table 7-I1V, the precualculated trajectory and
ASC-15 computer parameters are compared with
tracking at orbital insertion, As in the case of the
comparison made at $-IV cutoff, the total measured
errors {(computer-iracking) at orbitul insertion all
fall within the 3¢ error band. The increase in vehicle
total velocity betweenS-IV cutoff command and orhital
insertion was 2.9 m/s, which agrees very well with
the predicted increase of 3. 04 m/s.

The satisfoctory performance of the yaw plane
{delta-minimum) guidance scheme is shown in Fig-
ure 7-17. The ASC-135 compuler cross range veloc-
ity and displacement at guidance initiation (7.2 m/s
and 800 m) were reduced to minimum values at abouat
270 seconds. The increase in all parameters {veloc-
ity, displaccment, and steering command) after this
time is due to the increasing vehicle lateral CG offset
and/or increasing thrust vector misalignment. Due
to these conditions, the cross range velocity and dis-
placement increased to -0.3 my/s and -180 m at S-IV
cutoff,

COMPARISON OF SPACE FIXED VELOCITIES AT S-1V GUIDANCE CUTOFF

(630. 252 Seconds Range Time)

AV, ax, ] aY, ] Al
Ve Tuotal {b Range Y, Altitude 2y Cross Range
Data Source Toutal Veloeity Range Veloeity Altitude velocity Cross Range Velovity
Velocity Dillerence | Velocity Difference | Velocity Ditference Velocity Difference
{mss) (my/s) (m/s) (m/s) (m/s) (/s (my/s) (/53
ASBC-15 Computer 7582, 0 7183.4 -2456. % -33, 3
Tracking 581,45 7183.3 -2455. 6 -35.6
Precal Trajectory 7592, 0 7182, 6 -2439, 0 -35.6
Computer-Tracking 0.5 0.1 Lz 0.1
3 ¢ Erver Band +0, 80 +0, 10 +1,.63 el xt
Precul Traj-Tracking 0,5 -0.7 -3.4 0,0




6%

TABLE 7-IV.

COMPARISON OF GUIDANCE PARAMETERS AT ORBITAL INSERTION (640. 252

Seconds Range Time)

Precalculated ASC-15 Tracking Error Total Meas Error | Estimated | Error®*® | Residual®***
Parameter Units Symbol Trajectory Computer | Trajectory (Precal-Trk} (ASC-15-Trk) 3 ¢ Error Factor Error
E Band® E_ 1E-30
3¢
Total Velocity m/s Vs 7595, ¢ 7091.9 1594, 38 0.7 0.6 +0. 85 0.7t
. . " N - . . +402
Totxl Racdius Vecior m RT 6, 410, 007 8, 910,005 6,908, 964 43 41 ~313 0,10
Puth Angle deg 0 90, YO0 90. 002 90, 013 ~0. 013 -0, 011 +0.04 0,92
PL -0, 012
: = I +402
Altitude m h 535, 70% 535,710 535, 667 41 43 o 011
. - - . . +0, 55 L
Runge Velocity m/s Ng 7157, 7 7158.5 7158, 2 -5 U.3 0,43 0.55
. . . . i - o +1,98 e
Altitude Velocity m/s Y, -25639.6 -2537.4 -2636, 0 -6 -1.4 e 0.75
Pe —la '
. - +1,7
Cross Range Velocity m/s "‘i -33,. 4 -35.0 -35.4 ¢,0 0,4 3 rg 0.22
e L )
. . . 5 s wr P e aan . +250 «
Range Displacement m .\.g 2,310,482 2,308,874 | 2,304, 136 2,346 238 302 0.95
: i - s 4 g C g e . . . - . +379
Altitude Displucement m \ts 6,012,283 G, 013,028 | 6,514, 067 ~784 -39 a2y 0.12
. e .o . . +381 -
Cross Range Displacement § m Zg -6, 618 -6, 374 6,671 53 297 585 0.78
- . +1,92
Cross Range Velocity m/s Zi -0.1 -0.3 S0 3 0.2 0.0 o -
{Inertal) .
- . . : . . +ylt .
Cross Runge Displacement | m /‘i —-188 -183 =347 204 214 ol 0. 69
(Inertinl)

* Unsymmetrical 3 o values are due to known biases in the ASC-15 computer or in the guidance system,
Error factors greater than 1, 00 indicate that the total measured error exceeds the applicable 3 ¢ error,
Residual errors cxist only where the measured error exceeds the 3 v error.
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FIGURE 7-17. YAW PLANE DELTA-MINIMUM
GUIDANCE PARAMETERS

7.7 GUIDANCE SYSTEM HARDWARE

7.7.1 GUIDANCE SIGNAL PROCESSOR AND
DIGITAL COMPUTER ANALYSIS

The overall performance of the guidance sys-
tem hardware was completely satisfactory, The
countdown procedure introduced on SA-9, whichforces
arecycling of the digital computer back through guid-
ance release 45 seconds before liftoff (rather than
almost 2 minutes before), was continued on SA-10,
This approach gives updated ""C" resolver readings
much closer to liftoff and minimizes the possible in-
ertial velocity errors sensed by the computer at lifi-
off, This scheme eliminated all inertial velocity er-
rors at SA-10 liftoff,

S-1IV cutoff occurred 2,32 seconds earlier than
predicted; this condition was attributed to a slightly
highey than predicted performance of both stages,

The precalculated space fixed velocity at orbital
insertion was 7595.0 m/s; the value determined by
tracking was 7594, 3 m/s., The difference of only 0,7
m/s verifies ability to achieve a desired orbital in-
sertion velocity accurately,

The digital computer issued all its sequencing
command functions satisfactorily, The bit-by-bit
comparison program was used to evaluate the inflight
operation of the ASC-15 computer equipment., This
analysis was made to confirm the correct operation of
both the physical equipment and the flight program.
Due to the nature of the analysis program, not ail of
the guidance compuler telemetry was examined on a
bit-by-bit hasis; only those quantities computed by the
flight program were examined. All navigation and
guidance guantities werc examined with the exception
of minor loop telemetry (accelerometer readings and
mode codes),

The total number of computer telemetry words
from liftoff to eniry into the culoff loop was 52, 665.
Of this number, 51,671 or 95.1 percent were avail-
able for examination by the bit-by-bit comparison
program. The remainder was lost due to staging and
restart of the bit-by-bit program after the staging
dropouts. Sixty percent of the teiemetry was exam-
ined by the bit-hy-bit program; the remainder was
minor loop telemetry. Thus, 57,4 percent of the totui
ASC-15 computer telemetry during the time interval
considered was examined in this analysis. An esti-
mated 2.6 percent of the telemetry were lost due to
dropouts. This number includes the data lost in the
RF blackout during staging,

From this analysis, it was concluded that the
ASC-15 computer and flight program operated cor-
recily during tlight.

7,7,2 ST-124 STABILIZED PLATFORM SYSTEM
HARDWARE ANALYSIS

The overall performance of the ST-124 system
was satisfactory, Table 7-1 shows the varicus error
sources which contributed to the total predicted and
measuredinertial velocity components, The predicted
velocity differences are based upon the hardware er-
ror sources determined by laboratory platiorm sys-
tem calibration tests in addition te prelaunch meas-
ured ST-124 leveling and azimuth alignment errors,
and agree with the inertial velocity deviations deter-
mined by tracking within the 3 ¢ band for the range
and cross range values (x 0.7 m/s and + 1,9 m/s,
respectively) . The predicted altitude velocity differ-
ence does not fall within the 3 ¢ band (+ 1.5 m/s) al-
though the measured altitude velocity deviation does.
The range velocity component is unigue in that both
the predicted and measured differences fall weil within
the 3 ¢ band and also agree closely with each other.

The three gyro stabilizing servoloop error sig-
nals indicated maximum valuesless than + 0.1 degree
(pitch gyro) and ¢ 0,25 degree {yaw and roll gyres}.
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The redundant gimbal servoloop error signal meas-
ureda maximum angle of 0, 1 degree. The three guid-
ance accelerometer servoloop signals' peak values
were 0,35 degree (altitude accelerometer transient
during liftoff} and 0,3 and 0, 15 degrees in the range
and cross range accelerometer, respectively, All
these measured values indicate normal servoloop op-
eration, The range and cross range guidance accel-
erometer encoder cutputs verified the satislactory
functional performance of these instruments,

The three-phase power supplied to the ST-124
system by inverter 2 had the following average volt-
ages:

~ 115 volts ac
~ 116 volts ac
~ 114,75 volts ac

Phase AB
Phase BC
Phase CA

Phase voltages are specified to average 115+ 1
volt ac under a balanced load and to differ from each

GN, Sphere
0.028
5.1 sC (Usable) {(C)

Temperature
Gauge

287.0 to

284 3°K (M) —m

Check Valve

other by notmorethan 1,3 volts ac. The three phases
averapged 115,2 volts ac and the maximum difference
was 1,25 volts ac between phases BC and CA. The
S6-volt d¢ supply averaged an acceptable 56 volts,

7.8 5T-124 GAS BEARING GN, SUPPLY SYSTEM

The 8A-10 gas bearing GN, supply system, located
in the Instrument Unit with the ST-124 stabilized plat-
form system, provided dry and highly filtered gaseous
nitrogen at a regulated temperature, pressure, and
flowrate to the ST-124 gas bearing components, This
supply system consisted of one high pressure storage
bottie, a heating and pressure regulating assembly,
pressure limitl switches, calibration and check valves,
temperature and pressure gauges, and interconnecting
tubing. The detailed arrangement of the system is
presented in Figure 7-18,

Note:

S(M = Standard Cubic Meter
SCMM = SCM per minute

(C) = Calculated

{M} = Measured

(P) = Predicted

(8} = Specifiec

w——Fill Line Quicl

;Filter

\—Hanifold

827 .4 Nlcm2 (s}

=—— High Pressure Switch
2206 Hficm” (8)

Hand
Valves

«—Pressure Gauge

Reference Pressure Line—,

w—L0w Pressure Switch

2137.3 tc 1965.0 Nfem?

Disconnect Coupling

§T-124 Compartment
; Platform Hanifold7
10.35 + Q.35 Niem®d {8)

A —

'\ 10,55 Nfem*d (M)
\ GN, Consumption Rate
£0.0332 sa (P)

RADQZ‘) SCMM (C)

(M)

Temperacure Gauge
~292.7 to 293.6% ()

Reference Pressure Tapw_;zf
Filter

Flex Hose ——y

lfg:;ulator—ﬂeatcr Assembly

10.7 N/cm?d at Platform Enlet (S)
298 + 59K (§)

Hand
Valve

Shrader Valve

«—Aivr Bearing
Differentiali
Pressure gauge
1t.1 N/em®d (M)

t Orifice -
GNa Discharge
from Compartment

Internal Ambient
Pressure Gauge
7.6 to 13.1 K/ew® (S)
7.6 to 12.6 N/em? (M)

FIGURE 7-18, ST-124 GAS BEARING SYSTEM

ORI e



The SA-10, SA-Y, and SA-8 supply systems were
modified somewhat from those employed on previous
Saturn Block II vehicles because of the change to the
unpressurized Instrument Unit. The ST-124 enclosure
pressure was used as a reference instead of the U
ambient pressure to maintain the gas bearing supply
differential pressure. This was accomplished by
vouling a pneumatic line from the ST-124 enclosure
back to the GN, pressure regulator.

The ST-124 stabilized platform enclosure ambient
pressure was maintained within the desired pressure
range of 13.1 N/cm? (19 psi} to 7,6 Nfem? (14 psi)
throughout flight, The actual pressure varied from
12,6 N/cm? (18.2 psi} at Liftoff to 7, 6 N/em? (11 psi)
at S5-IV cutoff,

The performance of the supply system was satis-
factory. The GN, storage bottle (0. 028 m?) was pres-
surized to 2137 N/cm? (3100 psi) by the high pressure
ground supply before liftotf. This value is well within
the specified launch requirementof 1941 to 2217 N/cm?
gauge (2815 to 3215 psig). From liftoff to S-1V cul~
off, the ST-124 pas bearing consumed 0,450 SCM (8.8
percenl of the total usable supply of 5,10 SCM (180
SCF). The average inflight consumption rate of the
gas bearings was 0,0429 SCM/min, or 29 percent
more than the predicted rate ot 0, 0332 SCM/min, based
on the laboratory test of the 8T-124, The gas con-
sumption predicted for the 8A-10 flight was approxi-
mately 22 percent lower than the actual consumption
for the SA-10 flight, This is comparable to that ob-
served on SA-9 und SA-8.

About two hours bhefore liftoff, the average tem-
perature of the GN, supplied to the ST-124 was 295°K
{298 + 5°K specified) and the measurement was dis-
playing its characteristic thermostatic cycling. At

-97 minutes S$-IV LH, loading began and the tem-
perature dropped rapidly, reaching the lower meas-
uring range limit (293°K) at about -85 minutes, The
measuremenl remainedoff scale for about 68 minutes,
then gradually increased to about 293.4°K at liftoff.
The measurement was again out of measuring limits
from approximately 130 to 300 seconds of flight. The
temperature of the GN, supplied to the inlet of the §T-
124 is estimated to range from about 293°K at liftoff
to around 290°K at 175 seconds and back 1o 293°K at
S-1V cutoff. The GN, temperature probably averaged
about 5 io 8°K below the specified value of 298°K.
The ST-124 inertial gimbal temperature and the ST-
124 mounting frame temperature averaged about 4°K
lower than during laboratory tests,

This is the first of the unpressurized IU Saturn 1
vehicles (SA-9, 8, and 10) in which the pressure he-
tween the regulator discharge and the S§T-124 com-
partment was measured as a differential pressure,
Heretofore, this measurement has been a gauge pres-
sure measurement at the measuring cross., In SA-10
the vent of the transducer at the measuring cross was
teedinto the reference line between platform and reg-
ulator giving a desired differential measurement
across the platform,. The approximalely constant 11,1
N/cm? differential {16 psid) measured during flight
must be reduced by approximately 0.48 N/em? (0.7
psi) to obtain the platform manifold pressure value.
The 0.48 N/cm? (0.7 psi) reduction is due to a 0,13
N/em? (0.2 psi} pressure drop caused by the [ilter
between the measuring cross and platform inlet and
additionally a 0.35 N/cm? (0.5 psi) pressure drop
from the platform inlet io the manifold, This gives a
measuredinjet manifold differential pressure of 10,55
N/cm? (15,3 psij, well within the specified value of
10,35 4+ 0. 35 N/em? differential (15 2+ 0.5 psid).



SECTION VL

8.1 SUMMARY

Separationof the SA-10 vehicle was accomplished
in the same manner as for previous Block II vehicles,
The separation scheme was executed within the de-
sired time [rame.

First motion between stages was observed within
0.05 second of separation command, The S-IV-10
stage engines cleared the interstage within 0. 87 sec-
ond of separation command, which is just 0,01 second
longer than for SA-8. Separation transients were
relatively small and well within design requirements,

Separation of the Apollo shroud was initiated at
812,00 seconds, 2.17 seconds earlier than predicted.
The velocity imparted to the S-1V/Pegasus due o sep-
aration was -0,3 m/s, The separation and ejection
system functioned as planned,

8.2 S-/S-IV SEPARATION DYNAMICS
8.2.1 TRANSLATIONAL MOTION

The actual separation sequence for the SA-10
vehicle is shown in Figure 8-1, First motion time and
separationdistance were determined from accelerom-
eter data, This was the first Block II vehicle which
did not have extensometers to measure the separation
distance between stages. Separation was completed
at 150, 0 seconds.
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FIGURE 8-1, SEPARATION SEQUENCE
Figure 8-2 shows the SA-10 separation distance
between stages compared to SA-8. The two stages had
separated by 12.1 m at S5-IV ignition, which is 8.1 m
greater than the specified minimum distance but is in
good agreement with predicted nominal separation
distance. The SA-10 separation required0,14 m (5,5
in) of the 0.74 m {29 in) lateral clearance available,
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FIGURE 8-2. SEPARATION DISTANCE AND

INCREMENTAL VELOCITIES

This required clearance corresponds to less than a
one sigma variation from nominal, Figure 8-2 aiso
shows the velocity increment imparted to each stage
and the total relative velocity between stages.

8.2.2 ANGULAR MOTION

At separation command S-IV attitude errors
and SA-10 angular rates were well below the design
values of one degree and one deg/s, respectively (see
Figs. 8-3 and 8-4). During and after the separation
period (149.13 to 150.0 seconds), very small S-IV
attitude errors and angular rates were observed in
pitch and yaw direction (= 0, 2 deg/s).

After separation the S-I pitch and yaw angular
rates increased to a maximum of -2 deg/s [nose-
down} and -0.8 deg/s (nose-left), respectively.
These rates are approximately the same magnitude
and direction observed on all Block @I vehicles and
could be attributed to a systematic misalignment of
the retro rockets.



FIGURE 8-3. SA-10 ANGULAR VELOCITIES
DURING BOOSTER SEPARATION

The $-1V-10 roll transient (CW looking forward)
that occurred after separation has the same charac-
teristic shape as that of 8~IV-9, but is approximately
0.8 deg/s less than on S-IV-9, S-IV-8 had a much
smaller roll transient and was in the opposite direc-
tion, The maximum S-IV roll rate was 3.1 deg/s,
which resulted from the corrective action of the S-IV
engines, The initial excursion can be attributed to a
0.51-degree total ullage rocket misalignment. This
misalignment was well within expected three sigma
variations. The average S-IV roll moment during ul-
lage rocket burning was 397 N-m (293 ft-1b). No
problems were experienced in controlling this roli ex-
cursion.

The maximum S-IV roll rate attitude error of
2,75 degrees occurred approximately 3,5 seconds af-
ter separation command (Fig, 8-4).
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FIGURE 8-4. S5-IV ATTITUDE ERROR DURING
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§,3 APOLLO SHROUD SEPARATION

Apollo shroud separationoccurred at 812, 00 sec-
onds, 2,17 seconds earlier than predicted. During
the Apollo boilerplate spacecraft separation {rom the
S-1V stage, the vehicie tumble rate was very low, The
low tumble rate induced negligible loads into the
Pegasus guide rails.

Predicted command and service module displace-
ment and velocity relative o the S-IV stage were
based on a 32-percent energy loss due to friction, de-
termined from test results. The predicted velocity
and displacement for zero tumble rates are presented
in Reference 4, A comparison of the predicted and
measured data, presented in Figure 8-5, indicates the
32-percent energy loss to be a fairly close estimate,
The displacements and velocities were calculated us-
ing dimensions from an engineering drawing and do
not reflect manufacturing tolerances or assembly
misalignment. The scatter in the dala from the guide
rails is attributed to these inaccuracies, It is con-
cluded from this evaluation that the Pegasus separa-
tion and ejection system functioned as planned. The
velocity impulse imparted to the §-IV/Pegasus, de-
termined from the guidance accelerometer, was -0.3
m/s due to the Apollo shroud separation.

FIGURE 8-5, PEGASUS SEPARATION COMPARISONS
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SECTION IX., STRUCTURES

9.1 SUMMARY

The SA-10 vehicle experienced maximum bending
in the pitchplane at approximately 74. 2 seconds, The
maximum bending moment of 635,901 N-m was ex-
perienced at station 23, 8 m (936 in).

The structural flight loads on SA-10 were gener-
ally as expected and no POGO effects were apparent.

The bending oscillations observed on SA-10 were
not significantly different from SA-8,

The vibrations observed on SA-10 were generally
within the expected levels and compared well with
SA-8, Vibration data obtained on the thrust chamber
domes were considered invalid except for the longi-
tudinal axis measurement on engine i, Data from this
measurement appeared normal.

The S-1V stage vibrations were within the expected
limits,

There was no evidence of 8-1/8-IV interstage
structural degradation during separation,

9,2 RESULTS DURING S-1 POWERED FLIGHT
9.2.1 MOMENTS AND NORMAL LOAD FACTORS

The maximum bending moment experienced by
the Saturn S8A-10 vehicle during flight occurred at
74,2 seconds and was in the pitch plane. Figure 9-1
presents the distribution of this bending moment and
the corresponding normalload factor distribuiion, The
maxjmum bending momenton SA-10 was 655,901 N-m
in the pitch plane at station 23.8 m (936 in), This
maximum moment is 92 percent of the maximum mo-
ment experienced by the 8A-8 vehicle,

The slope of the load factor distribution line indi-
cates the rotational acceleration of the vehicle, The
angle of attack (o) and gimbal angle (j3) which pro-
duced the depicted normal load factor, when nominal
aerodynamic and weight data were considered, were
usedin deriving the bending moment distribution, The
gimbal angle agrees with the telemetered value while
the angle of attack is 0, 6 degree higher than the tele-
metered value, This discrepancy has consistently
shown up on the last several flights and no explanation
is presently available.

The strain gauge moment reading taken during
flight is represented at its pickup station 23,9 m,
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FIGURE 9-1, PITCH BENDING MOMENT AND
NORMAL LOAD FACTOR

There is poor agreement between this strain gauge
moment and the calculated moment distribution, The
calculated maximum pitch mioment was approximately
twice as large as the corresponding sirain gauge mo-
ment. Agreement between strain gauge moment and
calculated moment has been very good on past flights.
Therefore, it is suggested that further investigation
be made in this area.

Ground winds are being investigated to determine
their effectsonthevehicle and will be presented later.

8.2.2 LONGITUDINAL LOADS

Measurements used to evaluate vehicle longi-
tudinal response {all into the following categories:

a. Structural acceleration measurements

b. Engine combustion chamber pressure meas-
urements

¢, Engine LOX and fuel pump pressure measure-
ments,

An investigation was made to compare the calcu-
lated response of the system for the observed applied



forces during thrust buildup period. The buildup per-
jod is defined as the time interval from ignition of the
first engine tovehicle liftoff. The engines were sched-
uled 1o ignite in pairs, with 100 ms delay between
pairs to limit the vibratory force to 20 percent of the
static thrust. Figure 9-2 shows the engine staggering
times (ignition delay) to be less desirable than the
ideal values of 100 ms. The resulting dynamic re-
sponse was 13 percent of the maximum thrust, which
is identical to previous Block LI responscs except for
SA-8 {7 percenl),
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FIGURE 9-2. SA-10 THRUST BUILDUP
CHARACTERISTICS

The response of the structure supporting the
Pegasus mounting bracket was determined for SA-10
during the thrust buildup period, The measured re-
sponse is compared with the calculated response in
Figure 9-~3,
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FIGURE 9-3. UPPER PEGASUS SUPPORT
RESPONSE TO 8-1 IGNITION

A cross correlation analysis is being used to in-
vestigate the possibility of Pogo having occurred dur-
ing the SA-10 flight. Preliminary results indicate no
evidence of Pogo.

8.2,3 BENDING OSCILLATIONS

The SA-10 flight data indicated no significant
difference in bending oscillations from SA-8, The re-
sponse amplitudes for SA-10 were low, in the range
of 0 to 10 Hz, with the highest value of 0. 06 G5 re-
corded in the IU yaw plane at max Q. A filter band-
width of 0.66 Hz was used for data evaluation, Both
pitch and yaw conditions were investigated,

Figure 9-4 (lop half} represents the 5SA-10 flight
bending frequencies at the S-IV, station 35,6 m (1400
inj, and at IU, station 37.6 m (1479 in}, compared to
dynamic test frequencies for the yaw condition. Some
of the data scatter can be attributed to the cluster
modes interacting with the main bending modes, Flight
bending frequencies in the pitch condition were simi-
lar to the yaw condition,
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FIGURE 9-4, VEHICLE BENDING FREQUENCIES
AND AMPLITUDES, YAW

Figure 9-4 (bottom half) shows the vehicle re-
sponse at the same stations in the yaw plane, The
response amplitude was low, in the range of 0 to 10



Hz, and was lower than the corresponding response
amplitude for SA-8. The figure shows that the peak
amplitude of 0. 06 G, occurred at max Q. Vehicle
response amplitudes at the S-IV station in the pitch
plane were somewhat larger than in the corresponding
vaw plane. Vehicle response amplitudes at the IU
slation in the pitch plane were larger than in the cor-
responding yaw plane from 0 to 10 seconds, but were
smaller during the remainder of S-] powevred flight,
All acceterometers appeared to function normally and
the telemetered data were as expected.

After separation of the S-I stage and jettisoning
of the LES, the vehicle bending response was very
low,

9.2.4 8-1 VIBRATIONS

9,2,4,1 STRUCTURAL MEASUREMENTS

There were six accelerometers located on
the S-Istage structure. All telemetered vibration data
appeared valid, The measured response of the S-1
structure was normal throughout powered [light and
did not exceed expected levels, The maximum vibra-
tion was inducedby the acoustic andaerodynamic noise
environments present during launch and max Q. Table
9-I lists the maximum vibration levels encountered at
various S-1 stage and Instrument Unit locations. A
time history of the S$-I-10 structural, engine, and
component vibration envelopes are compared to S-1-8
in Figure 9-5. The unusually high vibration levels
measured on the shear panel located between fin lines
1II and IV on SA-8 were not experienced on SA-10,
9.2,4.2 ENGINE MEASUREMENTS

There were 16 accelerometers located on
the H-1 engines and engine components. All teleme-
tered vibration data appeared valid except that from
thrust chamber dome measurements E11-2, Ei1-4,
E1i-6, E33-3, E33-5, and E33-7, Response charac-
teristics of valid measurements were generally as
expected, Maximum excitation was self induced by
the operating characteristics of the engines and re-
{ated components,

The longitudinal and lateral axis vibration data
obtained onthe thrust chamber domes were considered
invalid except for the longitudinal axis measurement
on engine 1 (E33-1), Response characteristics from
this measurement were similar to those obtained from
hardwire measurements made during static firing of
Block II vehicles. Data from the E33-1 measurement
also compared favorably with valid SA-6 data. The
maximum SA-10 response amplitude was 10,3 Gy, g,
during launch.

FIGURE 9-5, S-1 STAGE VIBRATIONS

Acquisition of reliable telemetered data from
thrust chamber dome measurements remains a prob-
lem, Comparisons between telemetered and hardwire
data obtained from adjacent measurements on the en-
gine domes have shown large discrepancies during
recent static firings of Block II vehicles., An accept-
able explanation as to why these telemetered data were
distorted has not been found; however, investigation
is continuing,

The vibration data obtained from turbine gear box
measurements on all engines were considered valid.
Gear box response on engines 4 and 8 appeared high
near engine cutoff; however, similar increases in vi-
hration have occurred during previous flights, The
maximum vibration amplitude was 34,5 Gppyyy on the



TABLE 9-I. VIBRATION SUMMARY
Max Level Flight
Area Monitored . Remarks
(Grms! Period
S-1 STAGE
STRUCTURAL MEASUREMENTS

Sheur Beam/Shear Panels 13.7 LO The maximum SA-10 response amplitudes were 2.3
Gyms higher during launch and 0.6 Grpg higher dur-
ing max Q than the maximum 8A-§ response ampli-
tudes, The composite vibration levels measured on
the shear panels between {in lines IIN and [V {E134-9)
were equal o or lower than expected levels for this
structure,

Spider Beam 9.9 75 sec The response of the exterior spider beam spoke,
measured along [in line 1, was V.3 Gpyyg higher
during the critical flight perieds than during the
noncritical flight periods.

ENGINE MEASUREMENTS

Thrust Chamber Dumes 10, 3 LO Invalid datd except for the longitudinal axis meas-
urement on engine 1, This measurement compares
favorably with hardwire measurements made during
static firings of Block I vehicles,

Turbine Gear Box 34.5 138 sec This level was 12 Gypg higher thin the muximum
vibration measured on SA-8,

COMPONENT MEASUREMENTS

YA 3 Distributor Mounting 3.4 75 sec The maximum SA-8 response amplitude was 6. 9

Grms in the pitch uaxis during max Q,
INSTHUMENT UNIT
STRUCTURAL MEASUREMENTS

Lower Mounting Ring 7.8 LO Meuasured between fin positons O and IV, 5.2 Grms
max on SA-8.

Upper Mounting Ring 5.1 65 sec Measured between fin positions I and IV, 8.5 G o
max ot SA-8.

COMPONENT MEASUREMENTS

ST-124 Inertial Gimbai 1.2 LO 0.7 Grmg 4t LO on SA-5. SA-8 max was 1,34 Grp,g at
67 sec,

ST-124 Mtg Frame and Support 6.7 70 gec 2.4Gpg lower than the level recorded for this meas-
urement during SA-8 launch.

Air Bearing Suppily 3.1 LO 3.5 Gy g max during max Q on 5A -8,

RF Assembly Panel 2.3 LO 2.2 Grms max during max @ on SA-8.

Guidance Computer 4.7 B5 se¢ Perpendicular to computer support, 6.4 G, . max
at LO on SA-8.




engine 1 gear box at 138 seconds., This level was 12
Gyyys higher than the maximum vibration measured
on the engine 2 gear box during the SA-8 flight, This
was the {irst vehicle in the Saturn I, Block II series
on which all eight turbine gear boxes were instru-
mented. The time history envelopes are shown in
Figure 9-5,

9,2,4.3 COMPONENT MEASUREMENTS

There was one accelerometer located on a
component of the S-1 stuge, The telemetered data ap-
peared valid and the measured vibration was normal
throughout powered tlight.

The measurement wuas tocuted on the ring frame
in the lower skirt of fuel tank 1 at the attach point of
the 4A 3 distributor mounting bracket, The muximum
level reached 3.9 Gppe in the longitadinal axis dur-
ing max Q. This level compured with a maximum of
3.8 Gypppg for the same measurement made during
SA-8 max Q. The maximum S5A-8 response amplitude
was 6.9 Gppg in the pitch uxis during max Q. The
time history envelope is shown in IMigure 9-5,

9,2,5 S5-IV VIBRATIONS

9.2.5.1 STRUCTURAL MEASUREMENTS

Two measurements were made on the for-
ward ring of the forward interstage, The vibraiion
levels from these measurements compared favorably
with the levels measured during the SA-8 flight (Fig.
Y-6}. There were no indications of structural weak-
ening or failure throughout flight.

9.,2.5.2 ENGINE MEASUREMENTS
Twelve measurements were made on the
engines, The accelerometers were located on the

gear case housing of each engine, the PU valve posi-
tioner of engine 4, and at the attach points of the LH,
and LOX feedlines to engine 1. As established from
previous flights, the vibration levels on the engines
were low, and were considered negligible during S-
stage powered flight,

9,2,5,3 COMPONENT MEASUREMENTS

Sixteen measurements were monitored on
the S5-IV stage at the thrust structure, aft skirt, LH,
tank dome, and aft L.OX tank dome.

The thrust structure measurements were located
at the cold helium regulator, PU computer, inverter,
helium heater, and heat shield., No usable data were
obtained from the measurements at the PU computer
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FIGURE 9-6. COMPONENT VIBRATION DURING

S-1 STAGE POWERED FLIGHT

and inverter, The vibration levels at the remaining
components were comparable to the levels measured
during the SA-8 flight, except for those measured
during launch (Fig, 9-6). The SA-10 flight indicated
a higher level during launch because the data used to
define the upper envelope were not the same as those
taken during the SA-8 flight. The data used to define
the upper envelope of SA-10 were obtained from the
cold helium regulator.

The aft skirt measurement was located atthe EBW
unit. The vibration levels compared favorably with
the levels measured during the SA-8 flight (Fig. 9-6).

The LH, tank measurements were located at the
point where the cold helium sphere attaches to the



tank skin, The measurement in the thrust direction
did not provide usable data. The vibration levels
normal tu the tank skin were lower than the levels on
previous flights (Fig. 9-6).

The forward LH, tank dome measurements were
located at the LH, tank vent valve. The vibration
levels were slightly higher than the SA-8 flight levels
but were well within the design limits of the vent valve
(Fig. 9-6).

The aft LOX tank dome measurements were made
at the LOX PU probe, the LOX tank vent valve and the
LOX feedline. The vibration levels compared favor-
ably with the levels measured during the SA-8 flight
{Fig. 9-6). The vibration levels at the various com-
ponents were well within the expected limits during
S-1 stage powered flight,

9.2.6 INSTRUMENT UNIT VIBRATIONS

The Saturn SA-10 vehicle was the third of the
Block II series to fly a prototype model of the produc-
tion Instrument Unit (IU). Components were mounted
to panels attached directly to the 3,05 m (120 in) di-
ameter wall instead of in pressurized tubes as before,
The SA-10 vibration levels correlated closely with the
levels measured during SA-8 and SA-9 flights,
9,2,6.1 STRUCTURAL MEASUREMENTS
There were eight accelerometers locaied
on the upper {Apollo) and lower IU mounting rings,
All telemetered data were valid, The vibration meas-
ured on the mounting rings was normal throughout
powered flight, Maximum vibration occurred during
the critical flight periods when the structure was ex-
cited by the acoustic and aerodynamic noise (Fig.
8-7.

y,2.6.2 COMPONENT MEASUREMENTS

There were 16 accelerometers located on
various IU components, All telemetered vibration data
appeared valid., The vibration measured on the guid-
ance system was normal throughout powered flight.
The vibration environment of the air bearing supply,
RF assembly, and guidance computer was measured
for the third time during the SA-10 flight. Maximum
levels occurred during the eritical flight periods when
the 1U skin to which the componeni mounting panels
were attached was excited by acoustic andaerodynamic
noise environments ( Fig., 9-7).

9.2.7 APOLLO {PEGASUS) VIBRATIONS

There were four accelerometers located on
the micrometeoroid capsule {MMC) mounting rings.

i

FIGURE 9-7. INSTRUMENT UNIT VIBRATIONS
DURING 5-1 POWERED FLIGHT

All the telemeiered data were valid. These measure-
ments were also made on the SA-8 and 8A-Y flights,

The vibration of the upper MMC mounting ring
was measured 4t lopgeron 6, The maximum level
reached 2.6 G g during launch, The maximum SA-8
level was 3,0 Gpp,g during max Q, and the maximum
SA-9 level was 4.2 G during launch, The time
history envelopes are shown in Figurc 9-8.

The vibration in the lower MMC mounting ring
was alsomeasuredat longeron 6. The maximum level
reached 3.1 G, during launch, The maximum SA-8
level was 3.0 Gy during max @, and the maximum
SA-9 level was 2,7 Gy g shortly after launch. The
time history envelopes are shown in Figure 9-8,

9,2,8 STRUCTURAL ACOUSTICS

9.2,8.1 8-ISTAGE

The internal acoustic environment was
measuredinthe lower S-Istage thrust structure. This
measurement was considered invalid, It was also in-
valid during SA-8 but was considered reliable during
SA-9. Analysis of the raw data indicated an apparent
malfunction of the instrumentation system.
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FIGURE 9-8, PEGASUS VIBRATIONS

9.2,8,2 8-IV STAGE

Two microphones were flush mounted in-
ternally and externally to the forward interstage. Due
to an instrumentation malfunction, neither measure-
ment provided usable data during the flight.

9.2,8,3 INSTRUMENT UNIT

The internal acoustic environment adjacent
io the guidance system at station 37.6 m (1480 in) was
measured with one microphone, The telemetered data
were considered valid, The maximum level measured
was 138.5 db during launch and 128,5 db during max
Q. The predicted levels were 140 db and 130.5 db,
respectively, The SA-8 levels were 138.0 db and
128.5 db, respectively. The time history envelope is
shown in Figure 9-9.

9.2.8.4 APOLLO

The internal acoustic environment of the
Apollo stage was measured with ene microphone loca-
ted near the external skin at station 38, 0 m (1495 inj.
The maximum sound pressure level (139.5 db) was
measured during launch. The Mach {/max Q environ-
ment was 5 db higher than predicted and 3 to 5 db
higher than measured during SA-9. The environment
was comparable to that of SA-8 through Mach 1;
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FIGURE 9-9. APOLLGC AND INSTRUMENT UNIT
ACOUSTICS

however, the 5 db decrease in the environment meas-
ured during SA-8 was not present during SA-10. The
variations inthe environment were due to the installa-
tion of a control motor upstream of this measurement
location on vehicles SA-8 and SA-10, and the differ-
ence in the angles of attack during these flights.

The flow field over the external skin in the vicin-
ity of this measurement greatly influenced the local
acoustic environment. The installation of the control
motor caused the flow to increase in turbulence and
induced shocks. This increased excitation extended
through max Q during SA-10 due to the positive angle
of attack in pitch, The SA-10 predicted levels were
140 dbduring launch and 130, 5 db during Mach 1/max
Q. The time history envelopes are shown in Figure
9-9,

9.3 OBSERVED STRUCTURAL DEVIATIONS
There was no evidence of structural degradation
or component malfunction during the SA-10 flight.

9.4 S-I/8-IV INTERSTAGE

Sixteen channels of instrumentation were utilized
on the SA-10 vehicle to monitor any panel debonding



anomaly such as that observed on SA-3 and SA-7, Six
channels were used to establish the interslage tem-
perature and pressure environment (sec Section
10.2,5.1), The remaining ten channels {sirain, break-
wires, acoustic, and shock acceleration) were used
to study the structural behavior before, during, and
affer separation. Locuation ol the special alt interstage
panel debonding instrumentition is shown in Figure
9-10,

Biaxial strain gauges were installed on the inner
skin adjucentto the external engine GH, chilldown duct
brackets, between fin planes 1 and IV, and fin planes
Il and III at station 29.1 m (1145.7 in). The strain
gauges appeared to function normally, and the strain
histories followed the trends of the SA-8 data. The
deviations noted between predicted and actual strains
after 80 seconds of flight can be attributed to lower
than predicted skin temperatares. The circumferen-
tial leg of the biaxial strain gauge shows an increase
after launch to a peak tensile strength at the maximum
skin temperature. Subsequently, a gradual reduction
in strain was recorded, with a compressive dip at
1ECO and OECO, corresponding to the Poisson etfect,
These dips resulted from the loss of axial accelera-
tion. There was alsozsharp dip at separation result-
ing from the loss of loop restruinl. Uniaxial strain
gauges were locatedonthe bracket supporting the dis-
connect assembly at the following locations: between
fin planes [ and IV (area of previous debonding}, and

4

between fin planes II and [1I, The primary purpose of
the gauges was 1o measure any abrupt change in strain
levels. A malfunction of a disconnect assembly would
have been reflected by a large compressive siress in
the instrumented leg of the bracket. Since no behavior
of this nature was indicated, it has been concluded that
no malfunction occurred, The strain data recorded at
separation was very erratic, aithough it appears that
some tensileload wasinduced into the brackets., How-
ever, normal disconnect operation would be expected
to produce tensile loading,

An abrupt change in strain on both brackets oc-
curred at 140, 8 seconds after liftoff, being more se-
vere between fin planes I and 111, The abrupt strain
changes are considered a result of shock from acti-
vation of the blowout panels,

A shock accelerometer was installed on the inside
skin of the interstage, adjacent to the disconnect sup-
port bracket, between fin planes I and IV. As was the
case with the SA-8 data, the accelerometer data ex-
hibited full scale transients which were damped by low
frequency oscillations, These transients cccurred at
approximately 15 seconds and at 153 seconds (4 sec-
onds after separation}; they are attributed to the ac-
celerometer Leing overdriven, All other transients
can be explained by expected shock influences. The
body bending accelerometer that apparently became
loose and picked up a longitudinal component of thrust
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FIGURE 9-11. 5-i/S8-IV INTERSTAGE STRAIN
on SA-8 did not exhibit the same characteristics on
SA-10.

Two breakwires were installed around the inside
circumference of the interstage. Breakwire number
1 spanned only the panel in the area of previous de-
bonding, with minimum overlap onto the adjacent
panels. Breakwire number 2 covered the remaining
seven panels making up the interstage. Breakwire
number 1 indicated no breakage before, during, or
after separation, Breakwire number 2 shorted elec-
trically at 140, 8 seconds as a result of the blowout
panel shock, Thisevent was correlated with the strain
data to verify that the integrity of the interstage had
not been damaged. A similar occurrence happened on
SA-8 also, Steps had been taken to prevent this from
happening again, but these were apparently inadequate.

In summary, the resulis of the evaluation of data,

which wereobtained from instrumentation installed to
determine structural behavior, have established a high
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degree of certainty that no panel debonding occurred.
From the flight data obtained on SA-8 and SA-10 it
appears highly unlikely that the natural environment
during separation could have causedthe panel debond-
ing on SA-5 and SA-7, However, no data were ob-
tained from the acoustic measurements.

9.5 RESULTS DURING $-IV POWERED FLIGHT
4.5.1 BENDING

No significant body benhding motion was re-
corded on the S-[V-10,

9,3.2 8-IV VIBRATIONS DURING S8-IV POWERED
FLIGHT

9.5.2.1 STRUCTURAL MEASUREMENTS

The two meuasurements on the forward ring

of the forward interstage indicated very low vibration

leveis, similar to S5-1V-B, and were considered neg-

ligible during S-IV stage powered flight.

9.56.2.2 ENGINE MEASUREMENTS

Engine measurements were made in the

gear case housing ol each engine, The vibration lev-

els compared favorably with the levels measured

during S-IV-8 stage powered flight (Fig. 9-12). There

were no indications of abnormal turbopump operation.

Two measurements were made on the PU valve
positioner of engine 4, The vibrations showed slightly
different trends when compared to the SA-8 flight lev-
els. Thelevels were lower in the thrust direction and
higher in the lateral direction than SA-8 (Fig. 9-12),
Thedata from the lateral direction measurement were
invalid after 360 seconds. Although the levels were
higher inthelateral directicn,comparable levels were
measured on the positioner during battleship tesis,
with no detrimental effect to the PU valve.

Accelerometers were located at the attach points
of the LH, and LOX feedlines to engine i, The data
from the LH, feedline measurement in the thrust di-
rection wereinvalid. The vibrationlevelson the feed-
lines compared favorably with the levels measured
during the SA-8 flight (Fig. 9-12).

The engine vibration environment was considered
normal throughout S-IV stage powered flight.

9.5.2.3 COMPONENT MEASUREMENTS

Component vibration measurements were
taken at the thrust structure, aft skirt, LH, tank,
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COMPONENT VIBRATIONS DURING S5-IV STAGE

POWERED FLIGHT

forward LH, tank dome, and aft LOX tank dome. As
established from previous flights, the vibration levels
at the components mounted on the aft skirt (EBW
unit), LH, tank (cold helium sphere), and forward
LH, tank dome {vent valve) were low, and were con-
sidered negligible during S-IV stage powered flight.

The vibration levels at the components mounted
to the thrust structure {(cold helium regulator, PU
computer, inverter, helium heater, and heat shield)
and aft LOX tank dome (vent valve, PU probe, and
feedline) were comparable to levels measured during
S-IV-8 stage powered flight (Fig. 9-12).

The vibration levels al the various components
were low during S-1V stapge powered flight,

9,5,3 INSTRUMENT UNIT VIBRATIONS

There were no significant vibrations in the [U
during S-1V powered flight. The vibration levels
measured during this period were the same order of
magnitude as the levels measured during the 8-I main-
stage period.

9.5.4 APOLLQ (PEGASUS) VIBRATION

The Apolle vibration levels were negligible
during S-IV powered flight,

9,5.5 APOLLO (PEGASUS) ACOUSTICS

The Apolle acoustics levels were negligible
during S-IV powered flight,



SECTION X. ENVIRONMENTAL TEMPERATURES AND) PRESSURES

10,1 SUMMARY

Measured pressure and temperature environ-
ments on the 8-1 and S-IV stages of the SA-10 flight
vehicle were generally similar to those measured on

-8 flight, Thermal instrumentation on the S-1-10
stage was drastically reduced over that flown on pre-
vious Saturn I, Block II vehicles, Structural temper-
atures on the forward side of the heat shield showed
no evidence of water being present in this area for
5-1-16, as opposed to results of previous [lights.
Calorimeters were flown for the second time on the
engine bell and aspirator surfaces of engines 3 and 7.
Analysis ol data {rom these calorimeters shows heat-
ing rates which are higher and more representative
of the expected environment than those measured on
SA-9, This is attributed 10 an improvement in the in-
stallation of the calorimeters for SA-10,

10.2 S-1 STAGE ENVIRONMENT

10,2,1 SURFACE PRESSURES

Surface pressure instrumentation on 5-1-10
was basically similar to that flown on previous (light
vehicles, Differential pressures measured across
the spider beam fairing and across the tail shroud
were in good agreement with previous flight results.
Fin surface pressures indicated very little aerody-
namic loading as a consequence of therelatively small
angles of attack flown by SA-10,

16.2.2 S-I STAGE SKIN TEMPERATURES AND
HEATING RATES

Aerodynamic heating data from thermocouple
measurements flown on the tail shroud and the engine
shroud agreed well with analytical predictions and
with previous flight results (Fig. 10-1). There were
no other aerodynamic heating measurements flown on
S5-1-10,

10,2.3 BASE PRESSURES AND TAIL
COMPARTMENT PRESSURES

Measured pressures on the 5-I-10 base and
inside the tail compartments agreed well with previous
flight data. Pressure environmentsinthethrust frame
compartment above the firewall andinthe engine com-
partment below the firewall were nearly uniform
throughout flight, as expected. Pressure leading
across the heat shield was nominal with a maximum
downward pressure differential of approximateiy 0. 96
N/cm? oceurring at 58 seconds,
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10,2,4 BASE THERMAL ENVIRCNMENT
Base thermal instrumentation for SA-10 was

considerably reduced in number over that flown on
previous Saturn I Block II vehicles. Of the five major



regions assumed to have uniform heating (heat shield
inner and outer regions, flame shield, fin trailing
edge, and engine shroud), only the inner region was
instrumented with heating rate sensors. This con-
sisted of only one total and one radiation calorimeter,
As on 8-1-9, 15 total calorimeters were mounted on
the engine bells and aspirator surfaces of engines 3
and 7,

10,2,4,1 BASE TEMPERATURES

Gas temperatures measured omn the heat
shield ouler region were in excellent agreement with
the Block II data band., Maximuam gas temperatures
recorded in the heat shield outer region were slightly
over 1200°K at an altitude of 12 km (Fig. 10-2).
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FIGURE 10-2, HEAT SHIELD AND ACCESS CHUTE

GAS TEMPERATURES

There were no other gas thermocouples flown on the
heat shield or on any of the other major base areas
normally instrumented.

Two gas thermocopules were mounted on the ac-
cess chute on the forward side of the flame shield
{Fig. 10-2), Temperatures recorded by these instru-
ments were generally lower than on the data from in-
ner or outer region thermocouples flown on SA-10 or
on previous Block II flights., Maximum temperatures
between 700 and 850°K were recorded at 28 km alti-
tude,

10.2.4.2 BASE HEATING RATES

Only two calorimeters, one total and one
radiation, were mounted in the inner region of the
5-1-10 base. Measured heat fluxes generally show
good agreement with previous Saturn I, Block II data
(Fig. 10-3). The total heating rate indicated very
little heating at altitudes between 8 and 15 km. This
low response had been noted on the 8A-7 and 8A-6
flights and may be atiributed to physical blockage of
radiant heat energy to the gauge {Ref. 5)., The radi-
ation heatrate measured on S-I-10 was consistent with
the results from previous Block II flights,

Two total heat flux calorimeters, one slug and
one membrane, were mounted on the access chute for
this flight {Fig. 10-3). These instrumentis were lo-
cated 90 degrees apart and one 25,4 cm aft of the
other., A maximum heat flux of approximately 5
watis/em? occurred at liftoff. The excellent agrec-
ment between the heating rates from these calorime-
ters gives a high degree of confidence in the thermal
environment for this region.

Fifteen slug-type total calorimeters were mounted
on the engine bells and aspirator surfaces of engines
3 and 7. These measurements were first flown on
§-1-9, but the installation was improved on S-1-10 to
give the calorimeters better exposure to both radiant
and convective environments, Heat flux data from
some of the measurements are shown in Figure 10-4,
As expected, higher heating rates were indicated by
data from the S-I1-10 flight with the maximum heating
generally occurring at liftoff, These data are con-
sidered much better than those obtained from S-1-9,
although 11 of the 15 calorimeters did not respond
properly during the entire S-1-10 powered flighl.

10.2.4.3 ENGINE COMPARTMENT
TEMPERATURES

Gas temperatures in the engine compart-
ment remained normal throughout flight, indicating
that no excessive temperatures or fires occurred on
S-I-10.
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FIGURE 10-3. HEAT FLUXES FOR HEAT SHIELD
INNER REGION AND ACCESS CHUTE

Structural temperatures measured on the forward
side of the heat shield were very different on $-1-10
than on previous Block II flights (Fig. 10-5}, For
vehicles SA-5 through SA-9, temperatures in this
area followed the pressure dependent curve of the
saturation temperature of water whichdecays with in-
creasing altitude, thereby indicating that water and
ice are presentin this area, Temperatures for SA-10
did not follow this trend but, instead, exceeded the
boiting temperature of water at about 20 seconds and
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remained above maximum water temperature during
the remainder of the flight, Maximum structural tem-
peratures of approximately 450°K were measured.
Sudden drops in temperature were observed and are
probably the result of ice falling on the heat shield
from the LOX lines feeding the engines, Investiga-
tions to date disclose that there was no significant
difference in the atmospheric conditions or in the
countdown procedures for SA-10 that would account
for the apparent absence of water.

10.2.5 S-I/S-IV INTERSTAGE ENVIRONMENT

10,2, 5,1 $-1/8-1IV INTERSTAGE TEMPERATURES
AND PRESSURES

Special pressure and temperature measure-
ments were flown for the second time in the 8-1/5-1V
interstage area on SA-10 as part of an investigation
to determine the cause of the interstage panel de-
bonding phenomenon observed during S~IV separation
on SA~-5 and SA-7. Data {from these measurements,
flown on boih the SA-8 and S5A-10 vehicles, failed to
reveal either the cause of the panel failure or that
this phenomenon oceurred during these flights.

Structural temperatures were measured by sen-
sors localed on the external and internal surface of
the intersiage at station 28. 5 m (1122 in}). The tem-
perature rizf/recorded by the external sensor, sub-
sequent to age and retro rocket ignitionh command,
was less than half that experienced on SA-8, A max-
imum temperature of 326°K was recorded by this ex-
ternal sensor ai 156 seconds, which is not considered
detrimental to the structure (Fig, 10-6 }.

Pressure instrumentation in the S-IV-10 inter-
stage area was similar to that of S-IV-8, consisting
of one external static pressure measurement, two
internal (compartment) pressure measurements, and
a differential gauge to measure the pressure differ-
ence between the sealed honeycombcell and the inter-
stage compartment, One of the internal pressure
measurements (0 to 13.8 N/cm? range) is a total
pressure sensor; the pressure orifice inside the com-
partment faces forward and can detect any total head
pressure that might arise from the main engine ex-
haust striking the interstage during separation. Pres-
sure time histories of data from these sensors are
shown in Figure 10-6. Also shown are the internal
and external pressures in the form of pressure co-
efficients, referenced to ambient conditions,

As on SA-8 reduced data from the SA-10 total
pressure sensor inside the aft interstage compartment
indicated that no pressure rise resulted from engine
exhaust gas impingement, Absolute honeycomb cell

FIGURE 10-6, S5-IV AFT INTERSTAGE

pressures, calculated by summing differential and
compartment pressure data values, did not show any
response to the expected constant volume heating re-
sulting from retrc and ullage rocket exhaust gases,

Reduced data from all interstage measurements
are in good agreement with SA-8 resuits, giving no
direct clues as to the possible cause of the interstage
panel failure observed by onboard camera coverage
of S-IV separation on the SA-5 and SA-7 flight vehi-
cles. However, it can be concluded that the steady
state environment, as measured on SA-8 and SA-10,
during the separation process should not be severe
enough to cause any problems.

10.2, 5.2 DETONATION PRESSURES

Detonation pressure switches located near
the separation plane indicated that there was no det-
onation or overpressurization of theboattail area dur-
ing separation.
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10,3 S-IV STAGE ENVIRONMENT

10,3.1 ENVIRONMENTAL PRESSURES

10,3,1,1 COMMON BULKHEAD PRESSURLE

The common bulkhead absolule pressure
remained less than 0.7 N/cm? (1,0 psi) throughout
flight, as expected.

10.3.1,2 BASE HEAT SHIELD PRESSURE

Four base pressure sensors (0 to 0, 7 N/em?
measuring range} located on the -1V base heat shield
failed to give useful data; they appear to have been
plugged during most of the S-IV flight,

10, 3,2 SURFACE TEMPERATURES AND HEAT
FLUXES

10,3,2,1 HYDROGEN TANK TEMPERATURES

Hydrogen tank temperatures measured at
stations 33,4 m and 32,4 m were considerably higher
on S-IV-10 than on §-IV-8, This difference in meas-
urcd temperatures between the two flights was ap-
proximately 90° K atliftoff and decreased to about 40°K
during thetime that peak temperatures were recorded
(Fig., 10-7), The absence of tank surface ice and
frost is believed tobe the cause of the higher S-IV-10
tank surface temperatures at liftoff, Data from a
sensor located at siation 30,8 m indicated no appre-
ciable temperature gradient between this lecation and
station 33,4 m, The latter measurement did not op-
erate properly on S-1V-8.

10.3.2.2 AFT SKIRT TEMPERATURES

Aft skirt external andinternal temperatures
measured at station 29,4 m were nominal and agreed
well with those observed on S-IV-9 and S~IV-8 (Fig.
10-7), The external surface temperatures did not ex-
hibit the anomaly observed on S-IV-8; a sudden tem-
perature level-oif occurred during the maximum
aerodynamic heating portion of the SA-8 flight.

10, 3,2,3 HYDROGEN VENT LINE TEMPERATURE

A temperature senscor was located on the
underside of the hydrogen chilldown duct at station
27.6 m to determine the effects of aerodynamic heat-
ing on the duct temperature (Fig. 10-7). This tem-
perature measurement behavior was consistent with
the aerodynamic heating rates obtained from the aft
interstage calorimeter for the significantaerodynamic
heating portion of flight.

70

FIGURE 10-7. S8-1V STAGE SURFACE
TEMPERATURE ENVIRONMENT

The abrupt decrease in chiildown vent line tem-
peraiure at 112, 0 seconds indicates the presence of
hydrogen in the vent line. This presence of hydrogen
is a result of the initiation of hydrogen prestart at
111, 1 seconds range time,

10.3.2.4 AFT SKIRT HEAT FLUX

The aft skirt surface total heat flux in the
vicinity of the LH, chilldown vent fairing was meas-
ured by three calorimeters located between stations
29,2 and 29,4 m ( Fig. 10-7), The maximum disturbed
to undisturbed heat flux ratio measured was approxi-
mately 1.7, measured by the calorimeter at station
29.39 m. Thedisturbed to undisturbed heat flux ratios
measured at all three calorimeter locations were
within expected levels, based upon data from recent
wind tunnel tests of protuberance effects on aerody-
namic heating rates to flat plate surfaces, The wind
tunnel ratios varied from 1,6 to 1,8 at this location
for Mach numbers between 2.5 and 4. 5.



10.3.2.3 AFT INTERSTAGE HEAT FLUX

A calorimeter was located on the aft inter-
stage bencath the LH,y chilldown duct at station 27.6 m
to measure the protuberance effects of the duct on the
aerodynamic heating rate to the interstage. The flight
data arein close agreement with the predicted undis-
turbed heating rate during the period of maximum
aerodynamic heating ( Fig. 10-7), which indicates that
the protuberance effect of the duct on heating rates to
the interstage is minimal.

10.3.3 BASE TEMPERATURES AND HEAT
FLUXES

10, 3,3.1 BASE THRUST STRUCTURE
TEMPERATURE

Thrust struciure iemperatures measured
on stiffener 26 were in general agreement with the
temperature trends ohserved on the previous Block 11
flights (Fig. 10-8).

10,3, 3,2 BASE HEAT SHIELD TEMPERATURES

Three temperature sensors were flown for
the second time on the S-1V-10 heat shield, belween
engines 3 and 6, to measure the heat shield hot-face
temperature, Temperatures recorded at heat shield
radiiof 51,0 cm and 88.2 cm were slightly higher than
the corresponding temperatures on S-1vV-8 (Fig. 10-
8). This observation is compatible with the higher
heat fiuxes measured on S-1V-10 as compared o those
on S-1V-8 at these locations, Much lower tempera-
tures were recorded farther away from the center, at
radii location 152,2 cm, which is in agreement with
the heat flux distribution obtained on wind tunnel model
tests.

Forward face temperatures, measured by a sen-
sor located at a radius of 40,6 c¢m, are in good agree-
ment with the temperature trend observed on 5-IV-8
(Fig. 10-8). The slightly higher temperature level
observed on S-IV-10, when compared to S-IV-8, is
consistent with the higher thermal environment meas-
ured on the aft face,

10.3.3.3 BASE HEAT FLUX

The base heat shield calorimeter-absorbed
total heat flux history and the transient response of
the base heat flux to stage events were similar to those
of SA-6 and SA-B. Theaverage level of absorbed heat
flux for each of the calorimeters was slightly higher
on 8-1V-10 than it was on 8-IV-8 {Fig. 10-8).

The rapid rise in heat flux measured by the in-
hoard calorimeter beginning at 350 seconds is due 10
the helium heater cycling to single coil operation,
which results in a higher helium heater exhaust tem-
perawure, The decrease in heat flux of the inboard
calorimeter atapproximately 500secondsis again due
to a change in helium heater exhaust temperature,
which decreased due to hydrogen tank step pressuri-
zation al 491 seconds,

The outboard calorimeter showed an unexpected
decrease in heat flux beginning at approximately 15u
seconds. This phenomenon did not occur on either
SA-6 or SA-8 and the cause for this deviation is not
presently known,

10,4 EQUIPMENT TEMPERATURE AND
PRESSURE ENVIRONMENT

10,4,1 S-I STAGE INSTRUMENT COMPARTMENT
ENVIRONMENT

Two instrument compartments are located
above S-I stage fuel tanks F1 and F2. These com-
partments house power supply and telemetry eyuip-
ment which must be maintained within specified tem-
perature limits to insureoptimum telemetry equipment
operation, Preflight cooling of the compartments is
accomplished by pressurizing with air and GNy from
a ground source from approximately -550 minutes
through counidown. No inflight cooling of the equip-
ment is necessary since the temperatures created hy
operation of the eguipmentin flight are not excessive,

Preflight instrument compariment cooling on
S-1-10 stage was satisfactory. The preflight cooling
temperatures were within the operating limits and
were similar to temperature values experienced on
past Saturn flights, The preflight temperatures and
operating limits are shown below.

S-1 INSTRUMENT ENVIRONMENT
TEMPERATURES (*K)

Operating Limits Proflight
Instrument b " e
Compartmend Minimum | Maaimam Mimumum | Maximum Lilton:
P2 iXChH56-12) A% 313 195 20U Uy
F1 (XC55-11) 273 au 29 2o 2u

10.4.2 INSTRUMENT UNIT ENVIRONMENT

The Instrument Unit houses various electrical
and electro-mechanical devices which perform guid~
ance, control, telemetering, and measuring opera-
tions during flight.
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Saturn SA-10 was the third of the Block 1I series
vehicles to fly a prototype model of the production
InstrumentUnit to be usedon Saturn IB and V vehicles,
Components were mounted on panels attached to the
interior wall, The Instrument Unitcontained four vent
ports to allow escape of cooling gases and purge flow
during preflight conditioning and to obtain ambient
pressure and temperature withinthe unit during flight.

A ground hasedenvironmental control system was
provided tomaintainan acceptable temperature within
the Instrument Unit during preflight, During flight
preparation and until umbilical separation, cooling or
heating, as required, was provided by the ground sup-
port equipment, No inflight conditioning was reguired
to accomplish the vehicle mission,

Temperature (%K)

The ground based onboard cooling arrangement
consisted of a manifold routed from the umbilical plate
to various components of the IJ, Precooled air was
used until approximately 15 minutes prior to LH, tank-
ing; then GN, wasuseduntil umbilical separation. The
system also supplied cool GN, to purge various com-
ponents. The purpose of the change from air to GN,
cooling and purging was o prevent the possibility of
air supporting combustion in the JU if electrical com-
ponent sparking occurred,

IU environmental conditions were similar to those
of the SA-8 and SA-9 flight, Minor temperature var-
iations outside desired values were noted; however,
they were not considered excessive or detrimental to
normal equipment operation,
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1U component surface temperatures were similar
to those recorded during the SA-8 flight (Fig. 10-9).
The PCM/RF assembly surface temperature reached
318*K which was the highest surface temperature re-
corded in the IU during the SA-10 flight,

IU ambient temperatures prior toand during flight
were as expecied, The band in Figure 10-9 shows

the IV ambient temperatures during flight.

Control computer compartment seal leakage oc-
curred again on SA-10 but was less severe than indi-

Temperature (YK)

cated for SA-8 and SA-9. Evidence to this effect is
given by control computer pressure drop which oc-~
curred on all three flights between 32 and 80 seconds,
A possible explanation for the seal leakage is com-
partment warpage introduced during mounting into the
IU. A hermetic solder and seal will be used on 5-1IB
compartments, which should prevent this leakage
from reoccurring.

The IU environment in orbit was nominal. The
results of thelU environmenltal evaluation during orbit
are presented in Figure 10-10,
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SECTION XI.
11,1 SUMMARY

The electrical systems of the SA-10 vehicte op-
erated satisfactorily during the boost and orbital
phases of flight and all mission requirements were
met. The long life battery in the U provided power
to the P1 and F6 telemetry links for 140 minutes,
which well exceeds the one orbit requirement.

11,2 S-1 STAGE ELECTRICAL SYSTEM

The electrical system for the SA-10 booster was
essentially the same as SA-8,

The elecirical power source for the booster con-
sisted of two identical 28-volt zine silver oxide bat-
teries, designated as 1D10 and 1D20. The capacity of
the batieries was 2650 ampere-minutes,

During the boost phase of flight, the booster elec~
trical system operated satisfactorily. The 1D{0 bat-

VEHICLE ELECTRICAL SYSTEMS

1D11 bus voltage varied from 27.7 to 28.4 volts dc.
The 1D20battery currentvaried from 35 to 42 umperes
dc and the 1D21 bus voltage varied from 28.5 to 28,7
volts de. Figure 11-1 shows the current and voltage
profiles for the 1D10 and 1D20 batteries.

The output of the two 5-volt dc measuring sup-
plies, one located in each measuring distributor, de-
livered a nominal 5 volts dc, The master measuring
supply was a nominal 5 volts dc.

11,3 S-IV STAGE ELECTRICAL SYSTEM

The S-1V stage electrical system performed as
expected throughout the flight, The system consisted
of five major subsystem components: battery 1 (con-
trol battery), battery 2 (engine battery), instrumen-
tation battery 1, instrumentation battery 2, and the
static inverter, The curreni and voltages for batteries
1 and 2 and the static inverter voltages are presented

tery current varied from 47 o 67 amperes dc. The in Figure 11-2,
Volts {(dc)
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FIGURE 11-2. S-IV STAGE CURRENT AND

VOLTAGE

Battery performance was satisfactory, with volt-
ape and current remaining within predicted tolerances.
The two instrumentation batteries were normal, with
andoutputof 29. 6 volts and a combined currentof 16.2
amps. During S-1V powered flight, instrumentation
battery 1 current was 9.5 amps, and the instrumenta-
tion battery 2 current was 6.7 amps.

Performance of the inverter was satistactory.
During separation, indicated output voltage dropped
momentarily to the lower band edge, indicating 119
volts. Thisapparentdropwas a false indication caus-
edby ionization produced by retro rocket exhaust pro~
ducts on the umbilical recepticle. At PU activate,
the voltage dropped to a nominal 114. 9 volts, where it
remained until S-IV engine cutoff,

All EBW firing units functioned properly in re-
sponse to their respective commands. The range
safety flight termination system performed properly
and responded to the turn-off (safe) command satis-
factorily. However, at 80 seconds, command destruct
receiver (CDR) 1 indicated a 20 percent decrease in
signal strength level lasting for about 2 seconds. This
decrease is attributed to a bad look angle. Blackout
of CDR signal strength data from 148 to 150 seconds
coincided with the blackout of the T/M signal and
therefore does notindicate a loss of signal to the CDR
during this time period. At approximately 200 sec-
onds, signal dropout occurred on both CDR signal
strength measurements. This dropout was expected
and is attributed to the switchover of the Sterling an-
tenna on Grand Bahama Island.
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11.4 IU STAGE ELECTRICAL SYSTEM

The Instrument Unit electrical system for SA-10
was similar to that of SA-8, During the boost and
orbital phase of flight, the IU stage electrical system
operated satisfactorily. One of the two IU batteries
(8D10) had a current load of approximately 62 am-
peres except during cycling of the platform air bear-
ing heater. The air bearing heater cycle period av-
eraged 142 seconds, The "ON" part of the period
averaged 15 seconds. The 8D10 batiery load during
the "ON'" eycie of the heater was 69 amperes. The
8D1i1 bus voitage dropped about 0.24 volt when the
heater wason, During the "OFF" cycie of the heater,
the average 8D11 bus voltage was 28 8 volts. The
other IU battery (8D20) had a current load of 30 am-
peres with an average terminal voltage of 28. 4 volts.
The 8D20battery litetime was approximately 140 min-
utes, Battery 8D20 was intentionally light loaded in
order to power telemeters Pl and F6 during a com-
plete orbit, The 5-volt dec measuring supply and 56—
volt de supply operated at their nominal values. All
timing devices and logic and mode switching devices
operatled satisfactorily. The batlery temperature,
voltages and currents are shown in Figure 11-3 along
with inverter 1 phase voltages,

e . -
rs Pl L +
LAY :
FIGURE 11-3. IU STAGE BATTERY

TEMPERATURE, VOLTAGE, CURRENT AND
INVERTER VOLTAGE



SECTION XIL
12.1 SUMMARY

The axial (drag) force coefficient was higher
than predicted during the subsonic regime of {light and
lower than predicted during the supersonic portion of
flight. A peak base drag of approximately 218,000 N
(48,800 lbf) was measured at approximately 58 sec-
onds by measurements on the heat shieldand the {lame
shield.

12,2 DRAG

The axial force coefficient, obtained us an out-
put of the propulsion system performance evaluation,
is in excellent agreement with SA-8 flight results
{Fig. 12-1), The axial force coeificient was higher
than predicted during the subsonic regime and lower
than predicted at supersonic Mach numbers,

Base drag contribution of the axial force, calcu-
lated from pressure measurements on the heat shield
and flame shield of the S-I stage, is compared to re-
sults from the SA-8 and SA-9 flight vehicles in Figure
12-1, A peak base drag of approximately 218,000 N
{48,800 1bf) was measured at approximately 58 sec-
onds, A positive pressure thrust was observed be-
ginning al approximately 70 seconds because of re-
circulation of engine exhaust gases. Base drag for
SA-10 was generally slighﬁy lower than measured on
SA-8 and SA-9 flights, A maximum positive pressure
thrust of approximately 7600 N (1702 lbf) was ob-
served at 83 seconds of flight (Fig. 12-1).

AERODYNAMICS

FIGURE 12-1, AXIAL FORCE COEFFICIENT AND

BASE DRAG
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SECTION XIII,
13,1 SUMMARY

There were 1018 telemetered measurements
active at liftoff on SA-10. Twelve of the 1018 meas-
urements failed in flight, resulting in an overall
measuring system reliability of 98. 8 percent, Three
medsarements were scrubbed prior to launch,

Allpreflight and inflight calibrations were normal
and satisfactory.

Battery life was sufficient to give the planned or-
bital telemetry coverage, The last telemetry signal
was received 2 hours and 28 minutes after liftoff,

Airborne tape recorders in the S-F, IU, and S-1V
stages operated satisfactorily, and produced data free
of attenuation effects caused by retro andullage rocket
firing,

The onboard TV system was cancelled prior fo
flight.

The altimeter system and associated return-
pulse-shape experiment failed to operate,

RF performance of the 11 telemetry links was
satisfactory.

Tracking commitments were met by the C-Band
radar, ODOP, and Azusa/GLOTRAC systems; the
MISTRAM transponder failed at 63 seconds, Excel-
lent coverage was provided.

Overall quality of the film obtained during launch
was good. However, downrange cloud conditions pre-
vented ali of the 10,2 m (400 in) and 12,7 m (500 in)
focal length cameras from recording usable data.

13,2 S-1 STAGE MEASURING ANALYSIS

13.2,1 S-] MEASUREMENT MALFUNCTIONS

A total of 376 inflight measurements were
scheduled for the 8- stage. No measurements were
scrubbed prior to launch, One of the 376 measure-
ments active atlaunchfailed completely; 17 measure-
ments were only partially successful, The number of
inflight measurements were reduced hy 145 from
§-1-8, Table 13-I lists the S-I stage measurement
malfunctions, Eleven of the S-I measurement mal-
functions listed in Table 13-I1 were in the group of
aspirator and engine bell calorimeters on engines 3
and 7, These malfunctions are attributed to the ex-
tremely severe environment,
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INSTRUMEN TA TION

13.2.2 S5-1 MEASURING RELIABILITY

Reliability of the S-] measuring system was
99.7 percent, considering only those measurements
active at liftoff compared w complete failures.

The combustion chamber dome vibration meas-
urements (E-11 and E-33 series) had a significantly
higher than predicted output level, Test stand data
on these measurements indicated that there is a sig-
nificantly higher input level at frequencies above 3000
Hz than originally anticipated. This coupled with a
peak in the transducer response, apparently results
in overloading the ac amplifier in such a manner that
it puts oul increased amplitudes in the normal fre-
quency range (50 to 3000 Hz).

13.3 8-IV MEASURING ANALYSIS

13,3, 1 S5-IV MEASUREMENT MALFUNCTION

A total of 404 inflight measurements were
scheduled for the S-IV stage. Two of the 404 meas-
urements were scrubbed prior to launch, Eleven of
the 102 measurements active at launch failed com-
pletely: 10 measurements were only partially suc-
cessful, Table 13-1 lists the S-IV siage measurement
malfunctions,

13,3.2 S-IV MEASURING RELIABILITY

Reliability of the S-IV stage measuring sys-
tem was 97,3 percent, considering only those meas-
urements active at liftoff compared to complete fail-
ures.

13.4 IU STAGE MEASURING ANALYSIS

13.4.1 1IU MEASUREMENT MALFUNC TIONS

A total of 241 flight measurements were
scheduled for the IU. One measurement was scrubbed
prior to launch, There were no failures during flight.
Table 13-] lists the single measurement malfunction.

13.4.2 IU MEASURING RELIABILITY
Reliability of the IU measuring system was

100 percent, considering only those measurements
active at liftoff compared with complete failures.



TABLE 13-1,

MEASUREMENT MALFUNCTIONS

EENRY

$-1IV

Dhit !

Man_ 00

20947

DhF-s 1

HES LB

[thoh -4 lh

Mg le

ORI TS

FEhbl itk

AL

eyt
chIs-all
TRD4L-400
Dhik -6G2
DAL =403
oG -405
hLICARE
E6O0-408
E693-408

E653-407

Meas, Titie

Fharuse haober Outer Skia Tenp B-3

Avtntar BOR{Y Press, K

inpur PRF, C-Band

Temp. Eow. Nozzic Surface T,
Acomst i, Fuwad 12 Exrernal
AvoaR Fud 118 Iobereal
frossete-Rase Heat Shiely
Prossurs-Base Heat Shiold
PrewsarvaRase Heat Shicid
Pressnce-Rese Heat §hield
Yib-Pl" Sve (emputer, Th Axis
Vib-leawerier = Throst Axis
Viho M- Fecdline = Thrust
ViroLH. Tonk of el Sphere-Th

Vitelleat Shicla Sappoart-Throst

LAt

e Prior to Lian '

Eemarks
Teleted hy NASA
et

[ ¢

Tramsacee: ned anstalicd 2o

Aadd component n the Trasspondur

Failurs

Frratis Afrey ipaitian Ko walio data

o hias Level shifls

lioTa gnvels hysie fevel shifts
Nes fespoent e

Ko respanse

para diova = e speese

pate rmoaind, slon pespoenes

N oresnonse

7o Lovel affser 47, lewels Tow

pata sy Stoenandesor FeRDOTAC

Turtine R¥M

TOX Levei Disovety

Fuel Lowel D

et

Terp #Hi Spureid Pinlon Bre No

Temp Fok Noxzle Surfzee T. Cal.

Temp Aspirater Surffuve T. €00
Same a5 024G-3
Samie as MG F
Same a5 (26021
Temp Kog Nezzle Serface T. Cal
Temp Enx Nozzle Surface T. Cal
Temp Enx Nozzle Sarface T. Cal.

Temp Fog Hozzie Surisce T. G
Temp Fnp Nozzle Sceface
Cemmastior Chamber Press
Torhine Ialet Press

Turhiny Inlet Press

Lk, Pump Heostng Temp, E-&

&

-
o

Thrust Chamher Outer Skin Temp, E-1

LOX Inje-tor Piff Preas, E-1
LOX Imjeveor Diff Press, E-2
LoY Ynie.tor Diff Press, E-J
1A% Inje.tor Diff Press, F-4
10X Injector DLff Press, F-&

Axial Acceleration

vibration-LOX Tank Valve Pat to Flow

Vibration-EBW Dait - Thrust Axls

Freouen

wurhe T

Srrer =i osacenrds

e drap imstead o i

ands

frupped out at 107 s

tenpped aub at AL osee

Feratic from 110 1o la8 xeconds.

Seratic from LT te 180 seconits,
Dot from 116 Lo 150 secones
Droppec oat at 5% seconds

Erratic hetween 90 and 153G seconds.
dropped oat at 2B seconds.

frratys aftes 10 scecomls,
Frratic frem 78 to 14R seccnds.

Falled at vopioe suteff,

devreases instedd of ncreases througheat

Pressurs

Abropt pressare drop at 100 se , 207 fow for rest
flight.

Failed at 1lh cevonds.
Slow response

Noisv after 564 secands
Failed at 260 seconds

Koisv affer 185 acconds, feiled at 380 secends.

Noisy afrer 173 see, Fazlee at I1D geconds
Failed at 218 secends.

Falled at $-1V engine cutolf.

Data invalid after )04 seconds.

Failed at 100 seconds.

of

Trend valid ta 30 seionds

flixhe

A

9



13.5 AIRBORNE TELEMETRY SYSTEMS

13.5.1 TELEMETRY LINKS

Data transmission for flight testing Saturn
vehicle SA-10 was effected by eleven radio telemetry
system links on the combined S-1, 8-1V, and IU stages,
{Spacecraft instrumentation is presented in Section
X1V. ) The following systems were utilized on 8A-10:

5-1STAGE
Link Modulation Link Modulation
F1 PAM-FM-FM,; FM-FM Si S$S-FM
F2 PAM-FM-FM; FM-FM 52 PCM-FM
S5-IV STAGE
Link Modulation
D1 PDM-FM-FM
D2 PDM-FM-FM
D3 PDM-FM-FM
INSTRUMENT UNIT
Link Modulation Link Modulation
F3 FM-FM; FM-FM-FM 53 S5-FM
F6 FM-FM; FM-FM-FM Pi PCM-FM
PAM~-FM-FM

Links Pl and P2, PCM system, also functioned
as digital data acquisition system (DDAS) for their
respective stages, The DDAS function of link P1 was
to encode digitally and transmit simultaneously the
output from the model 270 commutator in link F6 with
the output from the multiplexer in link P1, The DDAS
function of link P2 was to encode digitally and trans-
mit the output from the model 270 commutator in links
F1 and F2 at reduced sampling rates. The primary
purpose of the DDAS in links P1 and P2 was preflight
checkout of the IU and S-I-10 stage, respectively,
DDAS information was alsoc available from links Pi
and P2 during flight, Insertion of digital data into the
PCM output format worked very satisfactorily,

13.5.2 DATA ACQUISITION

Transmitted radio frequency power on all IU
and S-1 stage telemetiry links was sufficient to pro-
duce the desired data coverage of all planned flight
periods. IU orbital telemetry links P1 and Fé trans-
mitted data for at least 2 hours and 28 minutes. No
inflight telemetry calibrations were executed during
orbital flight,
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Transmission of all three S-1V telemeiry links
was good throughout the flight. The data indicate that
links D1 and D3 were operational for at least 124 min-
utes after liftoff, and link D2 for 119 minutes after
liftotf.

13.5.3 CALIBRATION

Preflight and inflight calibration of all te-
lemetry channels was satisfactory, and as planned,
Telemeter Si was not scheduled to receive inflight
calibration,

13,6 AIRBORNE TAPE RECORDERS

The airborne tape recorders used for the SA-10
flight were dual-irack recorders capable of recording
the mixer-amplifier outputs of two FM/FM teleme-
ters. During the playback mode the fransmitier was
switched from the mixer amplifier to the recorder,
The purpese of the recorder is to record data during
the periods when RF dropout is anticipated due to
flame atlenuation, retro and ullage firing, critical
look angle, etc,

13.6.1 S5-I RECORDER

The S-I-10 stage contained one recorder
which recorded the cutput of telemetry links K1 and
F2, This recorder was in the record mode from 40.2
seconds 0 175, 2 seconds, Recorder transfer to play-
back mode was initiated at 172, 2 seconds, An elapsed
time of 1.4 seconds was required for the transfer
from record mode to playback mode. The recorder
began playback of good data at176, 6 seconds and com-
pleted data playback at 310, 2 seconds, The playback
contained 133.6 seconds (40.2 to 173, 8 seconds) of
good data. At completion of recorder playback, mod-
ulation was removed from felemeters F1 and F2, Op-
eration of this airborne recorder was satisfactory,
and data contained in the playback record are free
from the effects of retro and flame attenuation,

13.6.2 S-IV RECORDER

The single tape recorder onboard the $-1V
stage was in the record mode from 142, 3 seconds to
168.4 seconds (26, 1 seconds), and included the whole
§5-IV-10 separation sequence. The recorder was in
the playback mode from 731, 0 seconds to 761, 0 sec-
onds (30 seconds).

The S-1V tape recorder went into an unscheduled
playback mode similar to that on SA-8 between 59
minutes, 0.4 second and 88 minutes, 50,5 seconds,
Itwas concluded, as on SA-8, that this playback com-
mand was initiated by the IU and resulted in teleme-
ter 1 and 2 transmitters being switched to the tape
recorder playback amplifier. Telemeters { and 2



were returned to their preflight configuration as the
1U voltage dropped below the relay dropout voltage.
This malfunctionis ¢xplained in more detail in Refer-
ence (,
13.6,3 10 RECORDER

The 8-1U-~10 contained one onbourd tape re-
corder that recorded the outpuis of telemeters 5
(Mod B) and F6 (Mod A). This recorder was in the
record mode from 141i.2 seconds o 169.5 seconds,
Recorder transier to playback tnode was initiated at
730.9 seconds. An elapsed time of 0.9 second was
required for the transfer to the playback mode, The
recorder began playback of gooddata at 731,8 seconds
and completed data playback at 7539,2 seconds, The
playback conlained 27,4 seconds (141, 2 10 168. 6 sec-
onds) of good data., Real time modulation was reap-
plied to links Fb and F6 at 761. 0 scconds. Operation
of this airborne recorder was good, and data con-
tained in the playback record are {ree from the effects
of retro and flame attenuation.

13.7 RF SYSTEMS ANALYSIS

The RF systems on SA-10 experienced several
problems. The altimeter system and the associated
return-pulse-shape experiment both failed to operate,
The MISTRAM system was operating at liftoff, but
was intermittent after 63 seconds. The RF perform-
anceof the telemetry system was satisfactory through-
out powered and orbital flight with the exception of a
shortdropout at retro rocket ignition. Tracking com-
mitments were met by the C-hand radar, ODOP, and
Azusa/GLOTRAC sysiems, which provided excellent
coverage,

13.7.1 TELEMETRY

The RF performance of the telemetry system
was satisfactory throughout powered andorbital flight,
The performance was degraded slightly by main en~
gine flame atlenuation, retro rocket attenuation, ion-
ospheric effects, and ground station antenna scanning,
Lower than predicted signal levels during certain per-
iods of flight, and an unexplained change in signal
level between 134 and 140 seconds also were evident.
However, no datawere lost except during retro rocket
ignition, and these losses were not as extensive as on
SA-5, 8A-6, or SA-T.

Main engine flame attenuation during this flight
was very similar to past Saturn flighis with typical
peak attenuation values of 20 to 25 db occurring at the
Cape stations. The major attenuation effects ceased
at 126 seconds at an altitude of approximately 57 km
{within the region of 54 to 60 km where attenuation

has ended on all previous Saturn flights). The reason
{for the decrease in atlenualion at this altitude can
probably be attributed tothe cessation of aflerburning
due to a lack of oxygen. No data were lost as a resull
of main engine flame attenuation,

Retro rocket attenuation was very similar o that
experienced on SA-5 and SA-9. Ignition occurred at
an altitude of 92.7 km and the effects were very dif-
ferent from SA-5, 6, and 7 in which the retro rockets
were fired in the 60- to 75-km altitude region. Data
dropouts in SA-10 occurred on some of the links for
short periods of time, However, the effects varied,
depending on aspect angle to the ground station and
vehicle antenna locations. The main efiect on the S-1
stage links, with antennas located aft of the retro
rockels, was rapid fluctuations in signal strength with
very little averageattenuation. The IU and S5-IV stage
links, with antennas located forward of the retro rock-
ets, experienced a 0.75-second dropoul beginning ap-
proximately 0.75 sccond after retro rocket ignition
and ending approximately 0.2 second prior 1o thrust
termination. Had separation taken place in the 60- to
75-km altitude region, complete dropout would have
oceurred on alllinks simultanegusly with retro rocket
ipnition, as on SA-3, 6, and 7,

Since this was an early morning firing, the E-
layer had not reached the peak of its activity, The
effects of the Fi and F2 layers are partially obscured
by vehicle antenna nulls caused by low aspect angles
and by anfenna scanning at some of the ground sta-
tions,

Cape Tel 2 had a definiie problem with scanning
on this flight, similar to thatexperienced on SA-8 and
SA-9, This antenna has not operated satisfactorily on
any Saturn vehicle since SA-5, It was being modified
during the flights of SA-6 and SA-7 and was not used,
The original work was not satisfactory and the rework
is behind schedule. At times, this scanning produced
peak-to-peak variations in signal strength of 11 db (5
to 8 db more than it should be}. This problem, com-
bined with the low aspect angle and possible iono-
spheric disturbances, caused lower than normal sig-
nal levels -at the uprange stations on all S-IV and [U
links during S-1V powered flight, However, the use
of diversity polarization and redundant station cover-
age prevented any loss of data.

The S-1 stage and IU telemetry systems experi-
enced some rather abrupt changes in signal level be-
tween 134 and 140 seconds, This eifect was not pres-
ent on the S-1V stage links, Similar anomalies were
experienced on SA-5 and SA-7at very nearly the same
altitudes, A completely acceptable reason has not
been found for any of these occurrences, However,
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the possibility of voltage breakdown at some point in
the system is not being overlooked, especially since
it happened in an altitude region where breakdowns
are most likely tooccur. Forward andreflected power
measurements were made on the IU telemetry links,
The measurements showed no change in forward pow-
er, but the reflected power increased by 310 6 db dur-
ing this time, Anocther possibility is that the anomaly
wis caused by some type venting not apparent from
the telemetered measurements, This is still under
investigation,

i3.7.2 TRACKING

The tracking systems, with the exception of
MISTRAM and the altimeter provided excellent data
throughout this tlight, The ODOP system performed
exceptionally well and provided data to 720 seconds.
The C-band radar and Azuse/GLOTRAC systems ¢x-
ceeded their respective tracking commitments, The
C-band radar system, composed mostly of the FPQ-6
radars, experienced no ditficulties. The Azusa real
time digital range data for range safety were invalid
from 508 to 660 seconds because of a problem in the
ground station, However, this discrepancy will not
affect the metric data, The Azusa/GLOTRAC system
provided Azusa andyor three station GLOTRAC cover-
age from liftoff to 883 seconds, with the exception of
short interruptions at separation and at handover,

ODOP

The prime tracking requirement for the ODOP
system was from Liftoff to 150 seconds. As usual, all
sites fulfilled this requirement. The signal strength
was sufficient for gooddata beyond the point where the
geometry would permit a trajectory solution. Retro
rocket firing caused all stations to drop to a marginal
leveland break phase lock for periods varying from 2
to 4 seconds,

MISTRAM

The two MISTRAM sites received sporadic inter-
vals of good datla, but the overall performance of the
system did not meet reyuirements. The system ex-
perienced a transponder failure at 63 seconds after
liftoff. The reason for this problem has not been de-
termined, but it is believed to be a power loss which
may have originated in the calibrate channel, This
system is not scheduled for any future Saturn flights,
sothe problem isnotconsidered serious for the Saturn
program, On most of the previous flights, the
MISTRAM transponder failed during preflight check-
out, but a change of transponders usually resulted in
an acceptable flight performance. This poor reliabil-
ity finally resulted in an inflight failure.

The MISTRAM I station received good data from
8 to 64 seconds, T0 Lo B0 seconds, 84 to 110 seconds,
and 203 to 214 seconds. Except for these short peri-
ods, the signal levels were below threshold trom 63
to 568 seconds, At 568 seconds the system apparently
recovered, The signal level was low from 568 to 720
seconds, but sufficient to provide reducible data.

The MISTRAM II station experienced good signal
levels from 308 to 328 seconds, 3506 to 370 seconds,
and from 568 to T00 scconds. The signal was helow
threshold at all other times.

The onboard measurements show that the loss ol
phase lock al each station is a direct result ol u drop
in the transmitted power output of the range calibrate
channels.

C-Band Radar

The C-band radar system provided good data
from liftoft to 720 seconds, No two receiving sites
experienced  simultaneous low or marginal power
levels, The MILA and GBI (3, 186) radars were turned
off at 294 and 323 seconds, respectively, as instracted
by the operations directive, The signal level at the
time of cutoff at hoth stations was good, However,
the range personnel believe that it is best not to have
more than five radars interrogating the transponder
simultanecusly, Il this is the case, the requirements
should be reviewed to determine if the most advanta-
geous use of the stations is being made,

The MILA station was again preprogrammed o
skin track for the first 54 seconds, After this, it
switched to beacon track. This was dene to prevent
any possible tracking problems due to the tilt of the
polarization ellipse.

This system was not affected by main engine
{lame atlenuaiion, and retro rockel attenuation was
generally about 8 db, except at the PAFB site where
a 17.5-db peak attenuation was experienced at ap-
proximately 150. 5 seconds,

The C-band beacon expired over Carparvon at
about 13:59:10 U.T., approximately one hour after
liftoff,

Azusa/GLOTRAC

The Azusa/GLOTRAC system provided excellent
data from liftoff to 883 seconds except for a 2~ to 4~
second loss at handover and a short dropoul at sepa-
ration. The complete coverage illustrates the ad-
vantages gained by repositioning the Azusa antenna
prior to SA-7 o provide higher gains for the GLOTRAC
stations,



Azusa Mark 1L was theonly stationin the GLOTRAC
network with an elevation angle above the radic hori-
zonunlil 82 seconds, At this time, the Eleuthera sta-
tion began tracking and good two-stationcoverage was
continued until 190 seconds. A momentary decrease
in signal strength occurred at 186 scconds while the
ground antenna was looking into an undetined portion
of the onboard antenna pattern., After this tme, at
least three-station coverage was maintained to 883
seconds. The Antigua stution tracked the orbiting ve-
hicle to 960 seconds. At times during this period, the
system provided complete six-station coverage, Hand-
over at 660 seconds caused a Z2- to 4-second loss of
data, bui all stations except Azusa Mark II recovered.

No major problems were encountered by this sys-
tem. Mainengineflame attenuation caused modulation
of the signal, but no loss of data occurred,

Aldmeter

The altimeter system failed to operate on this
flight. Although the exact reason is not known, it is
thought to have been caused by a lack of receiver
sensitivity. This problem could have been caused by
a had RF cable connection, interface problems be-
tween the altimeter and the pulse-return-shape ex-
periment, or a malfunction in the front end of the re-
ceiver, 1t was known ten minutes prior to liftoff that
the pulse-return-shape cxperiment had failed,

13,7.3 TELEVISION

Problems external to the onboard TV system
caused its cancellation prior to flight, Analyses
showed that the mounting brackets would not withstand
the vibration loads during flight,

13.8 OPTICAL INSTRUMENTATION

An engineering photo/optical instrumentation
system of 85 cameras {65 fixed and 20 tracking) was
installed throughout the Saturn launch-tracking com-
plex to provide adetailed recording of the ground sup-
port equipment (GSE} and of vehicle release, opera-
tion, and performance of SA-10 during its launch and
ftight., The overall quality of the film obtained during
the launch was good, however, downrange cloud con-
ditions at liftoff were such that none of the 12,7-m or
10,2-m (500 or 400 in) focai length cameras re-
corded usable data. Of the 85 cameras programmed
torecord the launch, two cameras malfunctioned, nine
had no timing, and three had timing problems, i.e.
erratic or overlapping time puises, Allother cameras
had usable timing and a majority of the 16-mm Milliken
cameras were time indexed for the first time since
the beginning of the Saturn program (time displace-
ment between anexposed frame of data and its related

timing mark), Ail of the {ilm from the tracking in-
struments was time indexed,

i3.8.1 ENGINEERING SEQUENTIAL CAMERAS
Seventeencameras werelocated on the launch
pedestal o record the GSE release events and vehicle
first motion, The GSE release events include the
eight holddown arms, two short cable masts, the LOX
and fuel fill and drain masts and the ignition of the
eight H-1 engines (first frame of data showing the
hypergolic flash), The GSE on the launch pedestal ap-
peared to operate normally, Two of the cameras re-
cording holddown arm release did not operate, two
cameras had unusable timing, and the release of one
arm was obscured by smoke and ice, The three arm
rieleases that were timed were well withinthe releuse
tolerance of 50 milliseconds,

All eight of the H-1 engine ignitions were recorded
and timeable, The engines and heat shield appeared
to function normally during ignition and lifwoff, The
four Milliken cameras recording these ignitions were
time indexed for the first time in the Saturn program.

Release and retraction of the two short cable
masts were recorded and timed. One of the cameras
wasnot time indexed, No malfunctions were recorded,

The release of the LOX and fuel fill and drain
masts was not visible due to frost and ice at the re-
lease time; however, both masts appeared to retract
normally and no malfunctions were observed in these
areas,

Vehicle first molion data were reduced from a
camera specifically oriented on a holddown arm to
record these data, Excellent results were obtained
from this camera,

In addition to the 17 launch pedestal items, 11
cameras were located on the umbilical tower where
they recorded the release of the four swing arms, ex-
haust and blast on the iaunch pedestal, and the for-
ward section of the vehicle during ignition and liftoff,
All cameras on the umbilical tower operated satis-
factorily except for one camera., This camera was
designated to record vertical motion for 5 to 7 meters
but did not have rangetiming on the film, The camera
field of view did not include all of the targets on the
vehicle., No usable data were reduced from this film.

Nine cameras on the umbilical tower were ori-
ented to record the release and retraction of the four
swing arms. All of the arms appeared to release and
retract normally, Ice formation on the $-1V and §-1
stages of Saturn SA-10 was less than on Saturn SA-8.
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13,5,2 TRACKING CAMERAS

¥ifteen ground based long focal-length track-
ing cameras and two cameras from C-54 aircraft re-
corded the operationof thevehicle from liftoff through
the ignition of the launch escape tower, Cameras in
this system also recorded the vehicle exhaust flame
shift, exhaust flame pattern growth {(plume), ullage,
and retro ignition,

Inboard and outbouard engine cutoff signals were
vbserved, The normal flareup (LOX and fuel resid-
uals from the inboard engines), after inboard engine
cutoff, was observed and lasted 0.49 second.

Ignitions of retro rockets number one, three, and
four were observed, These rockets appeared to ig-
nite simuitaneously, No malfunctions were observed
by the tracking cameras.

13,9 ORBITAL TRACKING AND TELEMETRY
SUMMARY

13,9.1 TRACKING SUMMARY

Due to the long lifetime of the SA-10 orbiting
vehicle, radar tracking coverage was requested for
the first five revolutions only. This tracking summary
covers all tracking over these five revolutions begin-
ning at insertion {13:10:40, 252 U, T, }.

Orbital tracking of the SA-10 vehicle was con-
ducted by the NASA Space Tracking and Data Acguisi-
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tion Network (STADAN). STADAN is composed of
the global network of Minitrack receiving stations and
Minitrack optical tracking stations (MOTS}, and of
the Manned Space Flight Network (MSFN) which is a
global network of radar tracking stations. MSFN is
supported by clements of DOD, Additional tracking
sypport was provided by the optical tracking network
of the Smithsonian Astrophysical Obscrvatory (SAQ).

The last C-bund beucon signal recorded was re-
ported by Curnarvon, Australia, at approximately
1-4:00 G.T. (one hour after lifioff), All subsequent
radar tracking was skin track,

One photo contact was made by the Jehannesburg,
South Africa, MOTS station at 16:54 U, T., and one
visual sighting was reported by the SAO at Pretoria,
South Afriea, at 17:00 U,T. No additional optical
sightings over the first five revolutions have heen re-
ceived,

Minitrack observations will continue to be mude
on the orbiting vehicle during the vehicle's lifetime or
until termination of the Pegasus C experiment,

13.9.2 TELEMETRY SUMMARY

The last links to be recorded were links F6
and P1i at Tananarive, Madagascar, at 15:28:38, ap-
proximately two and one-half hours after liftoff,



SEC TION XIV.
14,1 SUMMARY

At 640,252 seconds, the S-1V-10 stage, Instru-
ment Unit, Apelio shroud and Pegasus were inserted
into orbit withno appreciable pitch, yaw, or roll rate,
During orbital flight, the configurationexperienced the
following: high capacity blowdown of the LH, NPV
tank, separation of the Apollo shroud, exiension of
Pegasus wings, and continuous nonpropulsive venting
{NPV} until residual propellants were depleted, The
Pegasus wing deployment and all spacecraft systems
worked properly and all measurements were initially
within their predicted limits,

The estimated total vented impuise was 167,208
N-s {37,590 1bf-s) from the hydrogen tank and 200, 116
N-s (44,988 lbf-5) from the oxygen tank. The maxi-
mum roll rate of S-IV-10 was 8, 3 deg/s, The tumble
rate of the vehicle at T + 360 hours (15 days} was de-
termined tobe approximately 1 deg/s with a half-cone
angle of approximately 20 degrees,

The Pegasus C is the first Pegasus spacecraft 1o
have removable meteorite detector panels which can
be recovered from orbit for purposes of analysis,

14.2 PEGASUS C PERFORMANCE

Pegasus/Service Module separation was accom-
plished as planned at 811, 95 seconds, 2,32 seconds
earlier than predicted, Wing deployment was initiated
at 871.95 seconds and was completed by 912, 0 sec-
onds. A description of the Pegasus C is presented in
the Appendix. Initially, all systems on ithe spacecraft
worked properly and all measurements were within
their predicted limits.

14,3 ORBITAL ATTITUDE
14, 3.1

NONPROPULSIVE VENT SYSTEM
PERFORMANCE

The SA-10 nonpropulsive venting (NPV) sys-
tem was identical to that flown on SA-8, This system
was utilized to prevent the occurrence of excessive
angular rates caused by the venting of residual pro-
pellants after S-1V engine cutoff. An auxiliary LH;
NPV system was alsc installed on SA-9, SA-8, and
SA-10, which operates from cutoff to cutoff plus 180
seconds, This systemvents the high boiloff rates im-
mediately after engine cutoff which are caused by the
latent heat in the LH, tank insulation,

Operation of the componentsof the S-IV NPV sys-
temn was as expected. The hydrogen and oxygen

PEGASUS C

nonpropulsive vent valves opened at S-IV engine cut-
off and remained open, as designed. In addition, the
auxiliary hydrogen nonpropulsive vent valve opened
at cutoff and closed three minutes iater, as designed.

At S-IV engine cutoif, the LH, tank ullage pres-
surc began to decay, from 26.5 N/cm? (38,4 psi) at
cutoff to 8,9 N/em? (12.9 psi} at cutoff plus 181 sec-
onds, due to the venting from the auxiliary hydrogen
NPV. One second after the auxiliary nonpropulsive
vent valve was cleosed, the Apollo shroud was sepa-
rated, exerting a negative thrust on the S-IV stage.
As a result, the LH, residual was forced toward the
forward dome, causing an LH, boiloff rate that was
greater than the capacity of the LH, NPV system, As
anticipated, the LH, ullage pressure rose rapidly after
Apollo payload separation, but did notl reach the main
LH, vent valve relief pressure. The peak pressure
of 17.7 N/cm? (25,7 psi) was reached at approxi-
mately 2000 seconds, After oneorbit, Tel2 telemetry
recorded an LH, tank ullage pressure of .9 N/em?
(13 psi}, and at this time the ullage pressure was
slowly decreasing. The LH, tank temperature probes
indicated that the residuals at this time were entirely
gaseous,

At S-1V engine cutoff, the LOX tank ullage pres-
sure switch was transierred to the control of the cold
helium shutoff valve, The LOX tank pressure was
maintained within the 31 to 33 N/cm? (45 to 58 psi)
design band by c¢ycling the cold helium shutoff valve
for as long as the cold helium pressurant was avail-
able. As a result, the LOX tank pressure remained
stable for'about 800 seconds after §-1V engine cutoft,
in spite of the venting by the LOX NPV system. Al
the endof the first orbit, the Tel 2 telemetry recorded
a LOX tank pressure of approximately 17.2 N/cm?
(25 psi}. An estimate was made of the mass and im-
pulse vented during three periods:

1. S-IV engine cutoff to S-IV engine cutoff plus
180 seconds

2, S-IV engine cutoff plus 180 seconds to end of
first orbit

3. End of first orbit to tank depletion,

The masses were based upon the following resid-
ual propellants and gases at S-1V engine cutoff:

1. 87 kg (191 lbm) of LH,, plus 48,1 kg (106
lbm) of ullage gas

2. 454 kg (1001 Ibm) of LOX, plus 53.5 kg (118
lbm) of GOX, plus 60.3 kg (133 lbm) of helium,
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Masses presented in Table i4-Iare based upon the
ullage gus within the tank and ventedimpulse. There is

excellentagreement between the residual and gas mass
in the tank and those calculated from tank blowdown,

TABLE 14~I, NONPROPULSIVE VENT PERFORMANCE
LH, Tunk LOX Tank
Time Mass Vented Total Impulse Mass Vented Total Impulse
1) Cutoff to Cut- 44 kg 56,488 N-s
f 3 5 12,690 1bf-s
off + 180 sec (96 1bm) (12,690 080 | Gox g me  t0T.5kg 55,727 N-s
237 2,528 Ibtf-3
2} Cutoff ~ 180 75 kg 85,272 N-s {237 tbm) (12,528 Ibi-s)
sec o end of {165 lbm} (19,170 lbf-s)
first orbit
4} End of first 16 kg 25,488 N-s “GOX & He 88,9 kg 39,967 N-s
orbit to {36 lbm) {5,730 Llbi-s) (196 lbm) (8,985 1b-5)
depletion 7 GOX 371.3 kg 104,422 N-s
{818, 6 ibm) (23,475 lbf-s)
Totals 135 kg 167,208 N-s 567.7 kg 200,116 N-s
(297 ibm) (37,590 lbf-s) (1,251, 6 lbm/) | (44,988 lbf-sj
= Ullage Gas = Residual

The results presented in Table 14-1 show that
after one orbit, 84.8 percent of the LH, tank total im-
pulse were vented, The estimated time required to
vent the LH, and LOX tanks to 0.6 N/cm? (1 psi) was
about 4 to 6 hours for LH, and aboul 24 to 36 hours
for LOX. This estimate correlates well with the re-
corded data.

14,3.2 VEHICLE ATTITUDE IN ORBIT

The regular LOX and LH, NPV systems were
activated at the time of $-IV engine cutoff command
{630.252 seconds). The auxiliary LH, NPV system,
which was also activated at S-IV cutoff, was in oper-
ation for 180 seconds and then closed. The regular
LOX and LH, NPV system remained open tc complete
the depletion of gaseous residuals, At 811,95 sec-
onds, the Apollo shroud was jettisoned and 60 seconds
later the Pegasus wing extension began. The deploy-
ment was completed by approximately 912, 0 seconds,

On SA-9 GOX was vented to impinge upon the de-
ployed Pegasus wing, However, on SA-10 and SA-8
the LOX and LH, regular {low NPV systems were in-
terchanged so that GH,, instead of GOX, impinged
upon the Pegasus wing. Since GH, imparts less total
impulse than GOX, it was predicted that a 30-percent
reduction in roll acceleration (CW from the rear),
from that observed on SA-9, could be achieved on
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SA-10. (See Reference 6 for a more detailed descrip-
tion of the SA-10 and SA-8 NPV configuration, )

In determining the roll rate history of the 3a-10
Pegasus C vehicle, the dala sources utilized were:
AGC records from the Minitrack beacon and teleme-
try signals, rate gyro infermation, and solar sensor
data, The results of the analysis are shown in Figure
14-1, Approximately 80 station passes of Minitrack
data wereexamined, yielding some 60 to 65 "readahle"
passes in which a period could be dewrmined. Ap-
proximately one-half of these passes were from the
Green Mountain station, with the remaining passes
from the other Minitrack stations., Telemetry AGC
was available through T + 24 hours; 8 records yiclded
valid data, Rate gyro information was secured until
T + 2 hours providing 10 periodsof data from various
tracking stations, The average rate for each period
is shown in Figure 14-2, The solar panel voltage data
were obtained from a time history graph and repre-
sent an average of a series of points taken over short
periods of time (10 to 15 minutes).

The predicied maximum roll rate for Pegasus C,
considering possible vent system misalignments and
predicted wing impingement effects, was 7.7 deg/s
for the actual onboard fuel and oxidizer residuals,
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FIGURE 14-2, SA-10 ORBITAL ROLL RATES

As can be seen, the actual maximum rate was only 6.3
deg/s. This possibly indicates either a better thrust
vector alignment, a smaller thrust imbalance, or a
smaller jet impingement effect than was assumed in
making the "maximum' prediction,

The Pegasus C roll rate history is very similar
to thatof Pegasus B (SA-8). The initial rate increase
was slightly higher for Pegasus C, but the maximum
rate attained was only approximately 0,2 deg/s less
than the Pepasus B rate, After T + 12 hours, the
Pegasus C roll rate began to decrease and was ap-
proximately 5.6 deg/s at T+ 360 hours (15 days). On
August 20 a rapid readout was obtained and the infor-
mation from the solar sensors indicated that the haif-
cone angle was approximately 20 degrees, All solar
sensors were operating properly except for sensor 3,

SA-10 ROLL RATE ANALYSIS

which is yielding bad data periodically. At the present
there are indications that the SA-10 cone angle will
continue to open up and cause the Pegasus C to tumble
similar to Pegasus A (8A-9). The Pegasus B (SA-8)
cone angle did notopen up enough to cause it to tumble.

i4.4 PEGASUS OPERATION

The Pegasus C spacecraft systems are operating
properiy and all system temperatures are within the
permissible tolerance, OnAugust25at01:54:40 U, T,,
the temperature of the detector panels ranged from
228°K to 318°K. The maximum temperature differen-
tial on opposite sides of a detector panel was 15°K,

As of August 23, 6,517 m? of the 0.0381 mm (1.5
mil) detector panel area was active. No panels had
been disconnected.

On the 0.2032 mm (8 mil) detector panels 13,982
m? of the detector panel area was active. Caly 0. 468
m? of the panel area was inactive,

On the 0.4064 mm (18 mil} detector panels
150,282 m? of detector panel area was active. The
amount of detector panelarea considered inactive was
12.584 m?, Hits are being recorded continually on
all three detector panel sizes,

The only significant change inthe Pegasus C from
Pegasus Bis the removable meteorite detector panels,
which can be recovered from orbit for purpescs of
analysis.



SECTION XV. SUMMARY OF MALFUNCTIONS AND DEVIATIONS

The flight test of Saturn SA-10 did not reveal any
malfunctions or deviations which could be considered
4 serious system failure or design deficiency. How-
ever, a nunber of deviations did occur and are sum-
marized below:

Launch Qperations

1, A leak developed in the flex connection be-
tween the fixed LOX overland link from the storage
tacility and the S-1 fill mast (Para. 3.4).

2, The ECS duct to the Pegasus came apart at
the wmbilical tower prior to launch (Para. 3.4}.

3, Considerably more damage was done to the
swing arms thanhasoccurred during previous liftoffs,
particularly to the flex hoses, electrical cables, and
ECS ducts (Para, 3.7.1).

4, The S8-IV stage LOX fill valve was closed
manually when it was noted that the fill valve had not
been commanded to close automatically at the 100 per-
cent LOX level (Para's, 3,5,2,1 and 6,9),
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Propulsion

1. The S-1V stage LH, pressurization control
solenoid valve did not open when required during a
portion of $-IV powered flight (Para, 6. 8. 1).

Instrumentation

1, Three measurements were scrubbed prior o
launch. Twelve measurements failed during flight.
Twenly-seven measurements were only partially suc-
cessful during flight ( Table 13-1).

2. The MISTRAM system did not meet perform-
ance requirements. The system transponder failed
after 63 seconds of flight time (Para, 13.7.2).

3. The altimeter radar system and associated
return-pulse-experiment failed to operate (J’ara,
13.7.2).

4, Of the 85 cameras programmed 1o record the
launch, 2 cameras malfunctioned, 9 had no timing,
and 3 had timing problems (Para. 13.8).

5, The Edcliff meters did not function properly
during any portion of the flight (Para, 7.4, 1,2},



APPENDIX

VEHICLE DESCRIPTION

A.1 SUMMARY

The flight of Saturn SA-10 was the sixth flight
test of the Block 11, Saturn I vehicles, This was con-
sidered the third flight of the Saturn 1 cperational ve-
hicles and the third to orbit a Pegasus meteoroid
satellite (Pegasus C), This was the sixth consecutive
Saturn 1 success in orbiting satellites. The vehicle,
which measured approximately 57 m (188ft} in length,
consisted of four distinct units: the S-I stage, S-IV
stage, operational Instrument Unit (third flight} and
boilerplate Apollo spacecraft (BP-9). A pictorial de-
scription of the vehicle is presented in Figure A-1,
The only appreciable change between SA-10 and SA-8
was the Pegasus €. Pegasus C has removable mete-
orite detector panels which can be recovered in orbit
by astronauts, white Pegasus B does not,

A.2 S-ISTAGE

A cluster of cight uprated H-1 engines powered
the S-I stage {Fig. A-2) producing a total sea level
thrust of 6, 67 million N (1,5 million lbf). Each of
the four outboard engines gimbal in a : 8-degree
square pattern to provide pitch, yaw, androll control.
Inboard and outboard engines were canted 3 degrees
and ¢ degrees outwards, respectively, from the ve-
hicle longitudinal axis to minimize the disturbing mo-
ments that would be induced by an engine failure at
critical dynamic pressure. Propellants were supplied
to the engines through suction lines from the clustered
arrangement of nine propeliant tanks. These tanks
consisted of four 1.78 m (70 in} diameter fuel tanks,
four 1.78 m (70 in) diameter LOX tanks, and a 2, 67
m (105 in} diameter center LOX tank, Each outboard
tank { LOX and fuel) supplied propellants to one in-
poard and one outboard engine, The center LOX tank
supplied the outboard tapks through the LOX inter-
change system. Thrust and longitudinal loads were
carried by the pressurized LOX tanks. The propellant
tanks were retained atthe forward endby a structural
member called a spider beam, Four 164,576 N
(37,000 1bf) thrust solid propellant retro rockets
mounted on the spider beam decelerated the S-I stage
for inflight separation from the S-IV stage.

Four large fins and four stub fins were attached
to the base of the S-I stage to provide flight stability
plus support and holddown points at launch. Each
large fin projected an area of approximately 11,24 mé
(121 f1*) and extended radially about 2.74 m (9 ft)
from the outer surface of the thrust structure. Four

stub fins were attached midway between the mainfins.
Stub fins I, I, and IV also provided enclosure and
attachment for the three 0, 3048 m (12 in) diameter
ducts used to cxit chilldown hydrogen from the S-1v
stage. Four fairings between the larger fins and stub
fins enclosed the inboard engine turbine exhaust ducts,

A.3 B8-IV STAGEL

Six gimbal mounted RL10A -3 engines, providing
400,340 N (90,000 ibf) total thrust at an altitude of
60,960 m (200,000 ft), powered the vehicle during
the S5-IV stage portion of powered flight. The engines
were mounted on the thrust structure with a six-degree
outward cant angle {rom the vehicle longitudinal axis,
Each engine had a gimbal capability of a plus or minus
four-degree square pattern for pitch, yaw, and roll
control. The S-IV stage (Fig. A-3) carried approx-
imately 45,359 kg (100,000 lbm) of usable liquid hy-
drogen and liquid oxygen,

The thrust structure providedengine thrust trans-
fer to the LH, and LOX container, The tanks, LH,
forward and LOX aft, were separated by a common
bulkhead,

The LH, fuel system consistedof a 120.4 m? (4256
1%} cylindrical container with a bulkhead at each end.
LH, flowed from the container through six suction
lines, each of which connected to one RL10A-3 en-
gine.

The LOX system consisted of a 35.8 m? (2164 {t’)
container. Vacuum jacketed suction lines transferred
the LOX from the container through the antivortex
screen, filter assembly and sump cone. The lower
suction line flange ends were connected to the LOX
inlet flange on each engine.

A nonpropulsive vent {NPV) system was installed
on SA-7, in addition to the main pressure relief LOX
and LH, vent systems, to obviate the excessive angu-
lar rates due to the venting of residual propellant after
S-IV cutoff, An auxiliary NPV system was installed
in SA-9 to provide a large initial pressure decay in
the LH, tank to assure that the main LH, vent system
is not activated, The system flown on SA-B was iden-
tical to that of SA-9 with the exception of interchang-
ing the use of the LOX vent for LH, and vice versa.
The NPV system on SA-10 was identical to SA-8.
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Four 15,390 N (3460 1bf) thrust solid propellant
ullage rockets provided proper positioning of the pro-
pellants prior to the S-IV stlage ignition.,

A.4 INSTRUMENT UNIT

The Instrument Unit ( Fig, A-4) located between
the S-1V stage and the payload, housed the guidance
and control equipment plus telemetry and the main
electronic tracking equipment, This is the third flight
of the prototype model of the production Instrument
Unit to be used on future Saturn vehicles, This
Instrument Unit is identical to that flown on SA-9 and
SA-8. No environmental protection is provided for
the instrumentafion during flight, The overall diam-
eler, height, and weight of the IU are 3.9 m (154 in),
0,9 m (34 in), and 1350 kg (2980 lbm}, respectively,

A.5 PAYLOAD

The boilerplate Apollo (BP-8), shown in Figure
A-5, consisted of a Command Module, Service Module,
spacecraft adapter, and launch escape system. BP-9
served to simulate the characteristics of an Apollo
spacecraft whose ultimate mission is a manned lunar
soft landing and retura to earth,

The Pegusus € meteoroid technology satellite was
housed withinthe Service Module, The Service Module
was attached to the payload adapter by six explosive
nut assemblies and mounted on two guide rails (4. 47
m or 176 in long, spaced 180 degrees apart) by three
roller slecve assemblies per rail, An additional ex-
plosive nutisiocated atthe forward end of the Pegasus
C satellite. After insertion into orbit, the Command
and Service Modules were ejected, exposing the
Pegasus C satellite, The ejection and separation
mechanism consisted of 4 negator springs, each ex-
erting a constant force of 178 N (40 lbf) through a
distance of 3.96 m (156 in}, and 12 compression
springs each having a spring constant of 840 N/¢m
(480 1bi/in) and a stroke of 4.3 cm (1.7 in}.

A.6 PEGASUS C SATELLITE

The objective of the Pegasus € satellite is to
provide continued engineering data about the near-
earth meteoroid environment in which future manned
space vehicles will operate, In the stored position
with panels folded inside the Apollo Service Module
the approximate overall dimensions of the satellite
are 4.5 m (177 in) high, 2,2 m (85 in) wide, and 2.4
m (95 in) deep, The X-axis of the satellite is along
the longitudinal axis of the vehicle, the Y-axis extends
in a plane parallel with the deployed wings, and the
7 -axis is perpendicular to the deployed wings. The
total capsule weight is approximately 1400 kg (3080
lbm). When deployed, the satellite has an overall
wing span of 29 m (96 i},

The Pegasusis divided into two major parts: the
center section and the wing assemblies (Fig. A-5).
The satellite's framework is made of riveted alumi-
num alloy extrusions. The center section is attached
to the launch vehicle's second stage, It provides a
mounting for the deployment mechanism, electronics
camister, solar power panels, and sensors,

Euach wing consists of seven hinged {rames which
provide mountings for 208 panels (104 per wing). The
hinges are spring loaded so that when released, the
wings unfold in accovdion fashion., A detector panel
is composed of two flat plate capacitors of aluminum,
Mylar, and copper bonded to each side of a one-inch
thick foam core. The dimensions of the detector
panels are approximately 101,6 by 50.8 by 2,54 cm
(40 by 20 by 1 in). The capacitors have a target
sheet thickness of 0,0381 mm {0, 0015 inj, 0,2032 mm
(0.008 in), and 0,4064 mm (0. 016 in}, and both ca-
pacitors in a given panel are of the same thickness,
The total exposed detector area is approximately
200 m?*: 8 m? of the 0,0381 mm material, 16 m?* of
the 0, 2032 mm material, and 176 m? of the 0. 4064 mm
material. The Pegasus C has removable meteorite
detector panels which can be recovered from orbit
for purposes of analysis,
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correction 41

misalignment, pitch 3§, 42
vehicle 33, 42
Strain gauge 63
System

airborne telemetry 81, 82

altimeter 2, 81, 82, 83

control pressure 22

electrical 2, 73, 76

emergency detection (EDSy 42, 43

fuel 8

guidance and control 1, 36, 50

helium, poeumatic control 33

hydraulic 15, 24, 35

LH, &, 85, 86, 89

LOX 85. 86, 89

LOX/ 80X disposal 22, 23

NPV 2, 18, 30, 85, 86, 89

photo/optical 2, 83, 84

pressurization. fuct 18, 21, 22, 23, 25, 29, 30

pressurization, L, 29, 3¢

pressurization, LOX 1§, 22, 32

pressurization, §-121, 22, 23

pressurization, S-IV 1, 29, 30

propellant loading §, 23, 57

propellant utilization b, 10, 18, 23, 24, 30, 34.
34, 44

propulsion 1, 26, 27

purge 18

RF 81

television, onboard 2, 78, 33

tracking 82, 83

Telemetry

AGC 86

airborne system 80, 81, 82

links 2, 80, 81, 82, 84

loss 15, 16

orbital coverage 78

RF blackout 50, 80

RF performance 78, 81
Television 2, 78, 83

Temperature

access chute 67, 68
aft skirt 70

base 66, 67, 71, 72
combustion 32

engine compartment 67
engine shroud 66, 67
fin trailing edge 67
flame shield 67, 69
fuel 7
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GN,y 52
heat shield 66, 67, 68. 69, 71
helium heater combustion 31
helium heater exhaust 71
helium triptex sphere 33
instrument unit 73, 74
interstage 69
LH, tank 70
LH, vent line 70
LOX pump inlet 21, 32, 33
tail shroud 66
Test objectives 2
Thrust
chamber dome 58
engine 21
engine buildup 18
engine decay 20
helium heater 25, 26, 27
level 18, 21
OK pressure switch 23, 36
S-1 stage 18, 19, 20, 21
$-I buildup 18, 57
S-1 longitudinal 1, 18, 19, 20, 24
S5-IV stage 15, 25, 26, 28
S-IV buildup 28
5-1V chamber 23
5-1V decay 3G, 38, 42
S-1V longitudinal 1, 18, 25, 26, 27
ullage rocket 27, 93
vector misalignment 42, 48, 87
Time
first motion 53, 83
Tracking
altimeter, radar §2, 83, 88
Azusa 81, 82, 83
C-band radar 78. 81, 82, 84
camera 34, B8
Minitrack 84, BG
MISTRAM 78, 81, 82, 88
MOTS 84
MSEN 84
ODOP 78, 81, 82
STADAN 84
S-1 stage 16
Trajectory
at orbital insertion 48, 49
deviation 21
free tlight 14, 16, 17
ground track 17
observed 20, 26
precalculated 48
simulated 20, 21, 25, 28, 27
S5-I stage 14
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S-1V stage 14
tracked 21, 2t

Turbine

exhaust duct 36
gear box 22, 58, 60

Ullage pressure 5, 8, 22

decay 3t

Ll, tank 29. 30, 32
LOX tank 31

S5-IV stage 29, 30

Ullage rocket

burn time 35
chamber pressure 35
exhaust 69

ignition 69, 54
impulse 35

jettison 35
misalignment 3. 54
performance 35
thrust 27, 93

Valve

cold helium shutoff 83

GOX fiow controt 22

LH, main fill 8

[.H, vent 61, 63, 83

LOX pressure relief 22

LOX prevalve control 22

LOX replenish control 22

LOX vent 7, &, 22, 31, 61, 83
LOX/S0X 23

pressurization, control solenoid 18. 29, 30

pressurization, fuel tank 21
propellant 15, 28, 34

Vehicle

description 89, 906, 91, 92, 93
weight 19, 21

Velocity

angular 54

at orbital insertion 50

cross range 1, 14, 36, 38, 42, 48
earth fixed 14, 15

inertial, error 45, 46, 47, 20
measured and predicted 36

QECO 1, 14

S-IV cutoff 1, 14

space fixed 1, 15, 36, 38, 41, 47, 48, 50

vector 38
wind 40



Vent

chilldown thrust 25, 26
cooldown 27

LH, duct purge 2, 23

L, line 70

LH, tank 8§

L, valve 61. 65, 85

LOX valve 7, 8, 22, 31, 61, 85

Venting

NPV propellant 85

Vibration

Apollo 61, 62, 65

combustion chamber dome 78
compenent 60, 61, 64, G5

instrument unit 58, 59, 60, 61, 62, 65
interstage 61

levels 2, 56, 58, 59, 60, 61, 64, 65

INDEX (Concluded)

Pegasus 61, 62, 65
S-1 stage 55, 39, 60
S-1V stage 60, G

W

Weight
liftoff 19, 2t
loss rate 20
propeliant 7, 8
S-1V cutofl 25, 27, 28
S-IV ignition 27, 28
vehicle 19, 21

Wind
angle of attack 38, 39, 40
effect, LOX load 5, 7
rawinsonde 3&. 39, 40
velocity U
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DIR
Dr. von Braun

DEP-T
Dr. Rees

DEP-A
Mr. Gorman

E-DIR
Mr. Maus

I-DIR

Gen. O'Conno; L (1)

Dr. Mrazek

I-1’IB-MGR
Col. James

1-1/IB-T
Mr, Fikes (13)

I-MO-MGR
Dr. Speer (4

I-V-MGR
Dr. Rudolph

R-DIR
Mr. Weidner

R-AS-DIR
Mr. Williams

R-AERO-DIR
Dr. Geissler
Mr. Jean

R-AERO-A
Mr. Dahm

R-AERO-AT
Mr. Wilson

R-AERO-D
Mr. Horn

R-AERO-T
Mr. Lindberg (35)
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Mr. Baker

R-AERO-P
Mr, McNair
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Mr. Vaughan
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Mr. O. E. Smith

R-ASTR-DIR
Dr, Haeussermann

R-ASTR-E
Mr. Fichtner

R-ASTR-F
Mr. Hosenthien

R-ASTR-1
Mr. Hoberg
Mr. Powell

R-ASTR-IE
Mr. Price

R-ASTR-IMD
Mr. Avery

R-ASTR-N
Mr. Moore

R-ASTR-NCGI
Mr, Nicaise

R-ASTR-S
Mr. Noel

R-COMP-DIR
Dr. licelzer

R-COMP-R
Mr. Prince

R-COMP-RR
Mr., Cochran

R-ME-DIR
Mr. Kuers
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R-ME-M
Mr. Orr

R-ME-T
Mr. Franklin

R-ME-X
Mr. Wuenscher

R-P& VE-DIR
Dr. Lucas
Mr. Palaoro

R-P&VE-A
Mr. Goerner

R-P& VE-M
Mr. Kingsbury

R-P& VE-P
Mr. Paul {2}

R-P&VE-PPE
Mr. McKay (2)

R-P& VE-S
Mr. Kroll
Mr. Hunt

R-P& VE-SVM
Mr. Gassaway

R-QUA L-DIR
Mr. Grau
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Mr. Henritze

R-QUAL-DIE
Mr. Corder

R-QUAL-P
Mr. Brooks

R-QUAL-QVS
Mr. Peck

R-QUAL-R
Mr, Brien
Mr. Smith
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R-RP-DIR
Dr. Stuhlinger

R-TEST-DIR
Mr. Heimburg (1)

Mr. Tessmann

R-TEST-C
Mr. Grafton

R-TEST-1
Dr. Sieber

R-TEST-5
Mr. Driscoll

R-TEST-M
Mr. Edwards

MS-H
Mr. Akens

MS-1P
Mr. Remer (2}

MS-1L
Miss Robertson (8}

LVO- JA
Mr. Rigell
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Mr. Pickett

LVO-JA
Dr, Gruene
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Mr. Jelen
INS-4

Mr. Collins
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National Aecronautics & Space Administration
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National Aeronautics & Space Administration
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Cleveland, Ohio 44135
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National Aeronautics & Space Administration
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