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19 June 1967

To: All Associate Contractors

The attached Preliminary Flight Evaluation Report for
Program 206 Flight No. 38 is forwarded for your information.

The conclusions and recommendations contalned in this document
are those of the Progream 206 Sunnyvale Field Office of Aerospace
Corporetion and the Assocliate Contractor representatives at
Sunnyvale, California. Authorization is granted to investigate
whatever action 1s required to implement these recommendations
provided such investigations are within the scope of your
present contract. Action to implement these recommendations,
however, is to be initisted only upon recelpt of specific
authorization from the Program Office.
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7
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Systems Engineering Director
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FOREWORD

This document presents a preliminary evaluation of vehicle and
ground system performances during the thirty-eighth Progrem 206 flight.
The evaluation is based upon data gathered during operstions at the
Satellite Test Center (STC), Sunnyvale, California. The purpose 1s to:
a) isolate and identlfy malfunctions and asnomalies observed; b) provide
results of preliminery dats evaluations performed by field groups for
“arther Investigetion; and ¢) decument evalustion results relative to
field group performance. Configuration descriptions asnd other general
informetion are avallable in other documents as referenced.

Aerospace Corporation and the Assoeciste Contrsctors malntdined close
coordination as data were gathered and analyzed. Agencies contributing
to this report submitted formal inputs to Aerospsce Corporation within
seven days after the completion of operations. Aerospace Corporation

. complled the 1nputs end published the final decument two days theresfter.
Throughout the preparation of this report, editorial considerations were
minimized in order to effect a timely publication of technically useful
information.

iv
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SECTION 1
FLIGHT SUMMARY

let DESCRIPTION OF FLIGHT

letel Leunch end Ascent

Program 206 Flight No. 38 was launched from SIC-4E (Standard
Leunch Complex-4 East) on 4 June 1967 at 1107:01.12 PDT and continued
for eight days. A history of flight vehicle preparstion and powered
£light 1s glven in Reference 2.

Lol.2 Orbit Injection

The vehlcle was injected into an orbit which differed from the
nominal by -.5% in o angle (horizen sensor pitch reference sngle). As
a result, nodal period was 18 seconds high, the spogee altitude was
12.45 miles high, the perigee altitude was .6l miles high, and the
latitude of perigee was shifted 11.9" south. A tabular listing and
comparison of Injection conditlons is glven in Table l-l. A complete
comparison of filrst revolution orbit parsmeters msy be found in
Table l-2.

l.1.3 On-Orbit Operations

Two orblt adjusts were sccomplished on this flight. A negative
0A on Rev 12 and a positive OA on Rev 28 were executed during the flight.
See Sectlon 3 for detslls of thege adjusts. The vehicle tape recorder
falled on Rev 117 or Rev 118 as indicated by lack of modulation on A3
at Rev 118 Boss when the recorder was supposed to be reading out data.

Tlelok RV Re=-Entry and Recovery

RV re-entry was asccomplished on Rev 130 using the primary attitude
control system. Air recovery was successful at 24.79N latitude and
163.25% longitude, approximately 45 n mi SSW of predicted impact peint.

Terminal events leading up to recovery were as follows:

l. Yaw reverse

Rev 127/128 dark side.

2. Pitch dewn - Rev 128 Pogo.
3. Secure word load - Rev 128 Pogo.
k. Discommects - Rev 129 Pogs.
5. Tell tales - Rev 130 Pogo.
6. Separation and retro - Rev 130 Kodi.

Receovery force deployment, impasct and ground track are shown in
Figure l-l. See Sectlon 3 for detalls of RV deboost and re-entry events.

1=l

Approved for Release: 2024/01/30 CO5098944



C05098944

Approved for Release: 2024/01/30 C05098944

Table l-l. Equivalent Injection Conditions
Op 4360
Actual
Conditions Actual Variation
Degired et Nominal Conditions at Nominal
Parameter Nominal Latitude at Injection Latlitude
Radius (ft) 21,409,970 21,407,396 21,407,396 -25Th
Velocity (ft/sec) 25,817.12 25,848.80 25,848.80 31.68
Flight Path Angle .3155 <1712 <1712 -e 1443
(deg)
Longltude (deg) 128,31 W 128.3h W 128.34 W 03 W
Geocentric 15.03 15.03 15.03 0
Latitude (deg) ‘
Azimuth (deg) 195.47 195.41 195.41 -.06
Altitude‘(n mi ) 80.48 80.05 80.05 ~o 3
Time from Liftoff 575 575 576 0
(sec)
12
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Table l-Z2. First Reveolution Orbit Comparison
Op 4360
Orbit Parameter Planned Actual Variation

(deg/rev).

Nodal Peried Eming 89.21 89.52 .31
Nodal Peried (sec 5353 5371 18
Period Decay (sec/rev) «375 «314 e 061
Lifetime (revs) 195 235 ko
Inclination (deg) 104.95 104.89 -.06
Minimum Altitude (n mi) 78.83 79.90 1.07
at Letitude (deg) -2T.8 N * 174 N 10.4 8
Maximum Altitude (n mi) 182.7Th 194,82 12.08
at Latitude (deg) kh.6 8 31.9 8 12.7T N
Perigee Altitude (n mi) 79.84 80.45 .61
Perigee Radius (ft) 21,384,285 21,400,977 16,692
Latitude of Perigee (deg) -37.9 N -26.0 N 11.9 S
Apogee Altitude (n mi) 181.69 194 .14 12.45
Apogee Radius (ft) 22,007,183 22,093,976 86,793
Latitude of Apogee (deg) 3.b4 8 23.7 S 0.T N
Bccentricity .01396 .01588 .00192
longitude Shift (deg/rev) 20,222 22,293 LOTL
Longitude Shift Decay « 001347 . 002459 001112

* Ppsltlve values are south-to-north

1-3
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Iels5 OCV Deboost

After RV re-entry, the OCV was pitched zero and left in & yaw
raverse attitude untll Rev 131 when the OCV was debopsted. Engine burn
completed in the gﬁgo cone with OCV impact predicted at aspproximstely
N latitude and 180" longiltude. Tracking data obtained from Pogo and
41 indicated the OCV deboost wag nominal with impact occurring within
2.5°% latitude of the predicted. A BUSS test was performed successfully

sver Kodi by commanding Z26/23 and KZ31.

o2 PROBLEMS
fedal General

1. PROBLEM: None
Te2e22 General FElectric Company

Special Military Spsce Project

1. PROBLEM: Inoperative tape recorder.
Beginning at Rev 118, there was
ng tape recorder playback, and
only nolse was cobserved on the
Link 3 carrier whenever the tape
recorder was commanded to play-
backe.

PROBABLE CAUSE: A broken taspe or high speed drive
belt No. 3.

POSSTIBLE SOLUTION:  None requlred.

1-5
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1.3 FLIGHT ORBRJECTIVE ACCOMPLISHMENT
1.3.1 Primary Flight Objective
The Primary Flight Objective for Program 206 Flight Number 38

was to:

"Continue development of an orbital flight

vehicle with extended capabilities having

reliable and precise orbit and re-entry systems.”
1.3.2 Secondary Flight Objectives

The Secondary Flight Objectives and & summary of preliminary
results are presented in Table 1l=3. The flight objective numbers used
in Reference 1 are retained for consistency. The results expressed in
Table 1l=3 are related to the experiment accomplished in support of the
objective. ZEstimates of the degree of success in accomplishing the
over-all objective must be based on detalled analysis of data, and are
not included in this preliminary report.

Category 1 objectives involve the acqulsition of engineering data
required for the earliest development of the gystem.

Category 2 objectives were related to improving system effectiveness
and malfunction analysis.

Category 3 obJectives were concefned with gathering data for
evaluation of non-vital changes.

1-6

Approved for Release: 2024/01/30 C05098944



C05098944

&

Approved for Release: 224/01/30 C05098944

Table 1-3. Secondary Flight Objective Summary
No, Objective Category Results
1 Evaluate the OCV stebilizstion sub- 1 Accouplished
system's cepsbility to:
2. Provide initiml earth acquisition Accomplished
and rete stabjlization during ' .
normal orbit operstions after
separation from the Agena.
be Provide proper OCV yaw-around and Accomplished
pltch-down orientation.
Co Provide edequate roll maneuvers. Accomplished
d. Provide sdequate freon impulse Accomplished
for OCV stebilizetion.
e, Provide proper rate and position Accomplished
stabilizastion during orbit sdjust
engine firing.
2 Determine the cepebility of the command 1 Accomplished.
subsystem to receive, store and execute
real time, stored snd secure commands
properly.
T Determine the capability of the 1 Accomplished.

environmental control subsystem to
provide adequate thermal control.

Approved for Release: 2024/01/30 C05098944
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Table 1-3. Secondary Flight Objective Summery (Cont'd)

No. Objective ' Category Results
g Determine the capsbility of the 2 Accamplished
OCV power supplies.
22 Evaluate the capability of the OCV
orbit adjust subsystem to provide:
B Uommand orbit change. 1 Accomplished
b The total velocity lmpulse 2 Not planned
capsbility.
Co A veloclty imcrement to debovst None Accomplished

the OCV on comaend.

23 Evaluste BUSS cepsbilities. 2 Accomplished

Approved for Release: 2024/01/30 C05098944
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SECTIOK 2

SEQUENCE OF MAJOR EVERTS

Rev No. Event Remarks
o] Lift-off, ascent 1ift-off occurred on 4 June 1967 at ST 65221.12
and injection (1107:01.12 PDT). Ascent and injection were nemr

0,1,2,3,17
33,48,50, ~

b4 » »

1/2 Rev

5-126

Thermal Record

Tracking

Roll Matrix
GROBIN ensbled

Control Gas Tank
Pregsure Balance

nominal (velocity of 31 fps higher them plamned, &
plteh down of .5°). The resulting nodal perioed
was 18 seconds long, apogee altitude was 12,45
miles high, perigee altitude was .61 miles high and
the latitude of perigee was shifted 11.9% south of
nominal. Second emd third stage Amp Hour Meter
reported inoperative on Pad. OK after lift-off.

Thermal diagnostic data recorded on revs
indicated.

Both Turkey and Fylingsdale supported the pperatien
by providing early tracking deta to assist in the
determinatisn of the need for a Hev 1 orbit adjust
(not required).

The roll metrix performed at Pogo wes nominal.

GROBIN program was ensbled for the balance of the
flight except for a short period during Rev 12,
discussed below.

The pressure balsmcing procedure (RS-5/S-10)
gssociated with the redundant stabilization
pneumatics system functioned properly on all’
attempts (Revs 5, 7, 9, 10, 12, 1k, 23, 25, 28,
31; 1‘2: 1}5, 58: 50; Th: 79, 9(}: 95; 106: 112,
122 and 126).

Approved for Release: 2024/01/30 C05098944
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SEQUENCE OF MAJOR EVENTS {(Cont'd)

Rev HNo. Event Remarks
12 Orbit Adjust Preceded by & successful yew reverse, a negative OA
was sccomplished et Rev 12 perigee changing the
altitude at apogee from 192.17 miles to 158.10 miles,
the period from 89.47 to 88.83 minutes, with an
apperent thrust of 96.8% 1bs (59.T7 feet/secAV).
GROBIN was "NO OPED" briefly to permit recording
of yaw and OA deta. A
1k Loss of Command A series of word rejects and verification slarms
Capability at on Boss 14 led to the use of the 125 for loading
Boss 14: Use 125 A/s (Green) 109.
16 BUSS Rropping On Rev 16 Cook, an S-6 was sent, selecting the
Bypass Module BUSS bypess module.
Selected
19 SCLOCK Slope Input An SCLOCK slope of 11.8% msec/day was input on
Rev 19 load to correct for a fast clock.
22 Commends via 125 On Rev 22 Bess, echo alarms were indicated in
failed to enter prepass check so the 125 was ensbled and used for
lsading Message 116. Subsequent rejects made
leading Impossible prior te fede. Anslysis showed
DL 1 was nst being erassed. Losded satisfactorily
on 23 Cook as A/S 117.
28 Orbit Adjust Approximately 269 seconds of two-engine burn

provided sn orbit adjust at perigee on Rev 28,
making the orblt nearly synchronous. The change
was 178.7 f£t/sec AV raising apogee to 253 miles.

Approved for Release: 2024/01/30 C05098944
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SEQUENCE OF MAJOR EVENTS {Cont'd}

Rev No. Event Remarks
51-66 Dats Line fallures The Pogo dats lines became troublesome on Rev 51 and
{Pogo) continued, intermittently, te give trouble until about
Rev 66. The ability to trensmit command messages was
lost at times, but no cammending was lost.

82 SCIOCK Slope change The cleck drift was corrected with a new SCLOCK
slepe of 17.0898 msec/day.

117 Boss pass Battery #3 depleted.

118 Boss pass Boss reported no mpdulstisn on A3 during tepe
recorder plsyback. Recorder plasyback inoperative
for remainder of flight.

119 Cook pass Microwsve datp confirmed no modulstion pn A3 when
tape recorder wss plsying back. Tape recorder
playback insperative. Decision made to terminate
flight after 8 days..

120 Cook pass 1000 PSI switch hed tripped et Cook scquisition.

121 Kodi pass Reversed transmitters (S-8) to further confirm that
recorder playback was inoperative, After determining
no modulation was present on A2, trunsmitters were
switched back to normal (S-T).

125 Guam pass Battery #2 essentlslly depleted.

Approved for Release: 2024/01/30 C05098944
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SEQUENCE OF MAJOP EVENTS (Cont'd)

Remarks

128

129

130

131

Pego/Coak pass

Pogo pass

RV Re-entry

OCV Deboost

Yaw reverse and pitch down verified at Pogo, and
A/S Message 173 ?sw) lpaded at Pogo for RV deboost.

Disconnects 1 snd 2 verified. Battery #6 essentially
depleted.

Tell tales executed properly at Pogo, and separation
and retro were accomplished at Kodi. RV re-entry
vwas near nominal with air recovery at 24.T°N latitude
and 163.25% longitude, approximately 45 n mi SSW of
predicted. After separation, the OCV was pitched
zero over Kedi in preparation for OCV debaost.

The OCV debopst message (SW) was loaded at Hula.

OCV debopnst occurred on Rev 131, with engines off
(31’5 second burn) in the Pogo come. OCV deboost was
nominal, with impact at about 40PN latitude end 180°
longitude. A BUSS experiment was successfully
conducted over Kodi (Z26/23 and KZ-31).

Approved for Release: 2024/01/30 C05098944
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‘I’ s>rGTION 3

SATELLITE VEHICLE PERFORMANCE
(Prepared by General Electric Co., Special Military Space Project)

3.1 TELEMETRY SUBSYSTEM
3.1.1 General
3.1.1.1 The Telemetry Subsystem performed satisfactorily throughout the

operation except for a slight data loss from the Delta 2 transmitter following
split 2 during the 1lift-off Cook pass and the loss of the tape recorder output
after Rev 118. The output of Delta 2 was nominal for the remainder of the opera-
tion. Cook reported, post-pass, that the loss was apparently caused by a 2 mega-
cycle carrier shift of the Delta 2 transmitter, The problem did not recur. The
recorder malfunction i{s discussed below.

3.1.2 Tape Recorder

3.1.2.1 Tape recorder operation was nominal through Rev 117. There was
no output when playback was commanded (R2+) for station passes on Revs 118, 119
and 120. Voice reports stated that only noise was observed on the Link 3 carrier.
The Cook 119 microwave data reduced on orbit showed that 3 Bravo (BUSS dats) was
nominal both before and after the R2+ period, confirming that the malfunction was
. confined to the tape recorder, A further test was made by reversing transmitters
on Rev 121. The tape recorder malfunction was again confirmed. After confirma-
tion of the recorder fallure, recorder playpack commanding was deleted from all
subsequent messages by '"'no-oping' GROBIN. GROBIN normally assembles all R2+ com-

mands .

3.1.2.2 This tape recorder had been reworked by replacing the tape head
with @ new design to correct for poor frequency response at 0°F, Also, the tape
loop was replaced with a newer type tape. This tape had 38.9 hours of operation
prior to lift-off. The tape has a 100 hour life specification before tape wear
tends to cause loss of frequency response. Lese. than 50 hours sre expected in
orbit. :

3.1.2.3 The cause of the recorder failure is not known. Inasmuch as the
recorder playback currents were nominal after the failure, it is unlikely that
the failure was the result of a jammed tape or drive belt, or shorted motor. A
more likely failure mechanism would be a servo electronics circultry malfunction,
a broken tape or high speed drive belt #3.

3.1.2.4 A command generation error caused the recorder to run in the play-
back mode for 16 minutes at Rev 31 Boss. This is the equivalent of 4 revs at
once. The service instruction, Borg~Warner Controls P/N302-6204, indicates a

test where the reproduce mode speed is used for 12 minutes continuously. No maxi-
mum time is specified.

3-1
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3.1.3 Data System Performance
3.1.3.1 Overall data system performance utilizing Model 9 Augie was good
throughout the flight. Augie Mode formats had been altered to present the added
Redundant Pneumatic sensors and the revised Command/Decoder Busy Signal. Occas-
sional discrepancles were noted but data losses were minimized.
3.1.3.2 3purious Command Decoder busy signals were printed on Mode 301 during

Rev 130 Pogo, vet the Command System appeared to be functioning normally. Post
flight analysis revealed a few spurious busy signals during Rev 129 Pogo and con-
tinuous busy signal alarms during Rev 131 Pogo. Normal busy signals from other
stations at that time verified proper operation of the Command System.

3.1.3.3 Incorrect ground station patching resulted in three playbacks of
Mode 310 at Rev 101 Boss before the correct channel (Channel 13) was processed
through Decom 1.

3.1.4 Six Minute Timer

The time out duration of the six minute timer was checked on 15 different
occasions after vehicle temperatures had stabilized on orbit. The maximum dura-
tion was 337 seconds and the minimum duration was 329 seconds with an average
duration of 333 seconds. This was 4 seconds shorter than the predicted value
but well within the specified limits. The predicted value of 337 seconds was
based on pre-launch test data and a time out duration versus temperature curve
obtained on Vehicle 982. The six minute timer time out relay (K17) was a suspect
Golden G Relay but normal operation was observed.

3.2 COMMAND SUBSYSTEM PERFORMANCE
3.2.1 General
3.2.1.1 Command Subsystem performance was nominal throughout the flight.

An occassional difficulty was encountered while loading from the Boss tracking
station. Verification alarms were indicated while attempting to erase and load
a previously full delay line.

Verification alarms were also indicated at other tracking stations during the
flight that were not associated with a full delay line.

Guam on Rev 12 and Boss on Rev 22 also experienced ground system problems which
resulted in subsequent commanding difficulties.

The above difficulties are described in greater detail in the following section.

3.2.2 Verification Alarms

3.2.2.1 Verification alarms were indicated on numerous occasions through-
out the flight. A verification alarm is an indication of the Augie Command System
not recelving an accept or a reject pulse within a specified time duration after
the last bit of a command has been transmitted.

0
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During this flight, alarms resulted from three different commanding conditions:

(1) Transmission of the erase command
to erase a full delay line.

(2) Transmission of real time or stored
program commands with poor beacon lock.

(3) Transmission of a real time command to
reverse transmitters.

3.2.2.1.1 Verification alarms were indicated on Boss Revs 14, 69 and 117
while in the process of erasing and reloading of full delay lines. This ig di-
rectly traceable to a characteristic of the Command Subsystem logic.

When a full delay line is erased, the Command Subsystem logic will functionally
erase the delay line but will generate a reject pulse to telemetry. The genera-
tion of the reject pulse is delayed approximately 25 msec, therefore the reject
pulse received by the ground station is delayed for this one set of conditions.
The Augie Command System will wait a fixed number of S-pulse transmission periods
after the last bit of a command has been transmitted and if an accept or a reject
is not received within this duration of time, a verification alarm will be indi-
cated.

The Command Subsystem erase logic has always produced this delay when a full delay
line was erased. It is possible that the one shot tolerances on this vehicle are
such that the delay may have increased just enocugh to cause the verification alarms.
Since Boss was the only station to experience this problem while numerous other
stations erased full lines, possibly a marginal timing problem with Boss Augie
Command System exists.

3.2.2.1.2 Verification alarms were also indicated for real time command
transmissions and also for stored command transmissions during a delay line load.
The real time verification alarms were at Pogo Rev 79 and 95 and Guam Rev 12 and 45.
The verification alarms while loading stored commands occurred at Pogo Rev 111.

These verification alarms all occurred as a direct result of poor beacon lock.
With poor beacon lock, command bits and S-pulses can be transmitted and not re-
ceived by the vehicle. When S-pulses are not received, the Command Subsystem
cannot respond with an accept or a reject of the command. Therefore, the time
allowed by the Augie Command System for a vehicle response may be exceeded and a
verification alarm will result. '

3.2.2.1.3 The third condition resulting in @ verification alarm occurred
at Kodi, Rev 121, with the trensmission of a Sierra 8 command to reverse trans-
mitters. Telemetry data indicates that the command was accepted and executed
properly. Due to the reversing of the transmitters, the accept pulse is approxi-
mately 5 msec in duration. (Normal accept pulse width is 22 msec.) It may be
possible that this accept pulse was not of sufficient duration to be recognized
by the Augie System as an accept.
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A Sierra 7 command to again reverse the transmitters during this pass was exe-
cuted with no verification alarm. Telemetry data again indicates a shortened
accept pulse of approximately 5 msec in duration. This indicates that the Augie
Command System can recognize a short accept pulse.

It appears then, that a possible cause of the verification alarm was a premature
switching of the station patching before the accept pulse reached the Augie Com-
mand System.

3.2.3 Guam, Rev 12, experienced commanding difficulties with resultant
verification alarms and constant rejects. This was due to an intermittent accept/
reject link caused by the ground antenna's auto lock system not functioning cor-
rectly and therefore not interrogating the vehicle continuously.

3.2.4 Echo alarms and constant rejects were indicated while attempting
to load a message at Boss, Rev 22, After the first word (Address Delay Line) ot
the mesgage was accepted, all future attempts at commanding the vehicle resulted
in echo alarms and constant rejects. Attempts to load the message, erase delay
line, return to real time and turn off the PPD, all produced echo alarms and re-~
jects,

The echo recording from Boss Rev 22 indicated that only zero bits were being trans-
mitted to the vehicle. This accounts for the acceptance of the Delay Line 1
address command which is all zero bits and the subsequent rejection of all other
commanding attempts. Boss later veported that a logic card failure had occurred

in the pulse modulator.

3.2.5 ‘Velicle ' Cldek Performance - .

The vehicle clock drift started at 11 msec per day (fast) and increased to
19 msec per day (fast) at the end of the mission. The predicted drift from ground
test data was 17 msec per day fast. This is well within the specification limit
of 432 msec per day.

3.2.6 Secure Word Check

The secure word check sequence was not executed this flight. The check was
deleted since the secure circuitry was checked by the execution of engine burns
on prior revs.

3.2.7 Beacon Performance

Beacon performance was near-nominal throughout the flight. Early rev out~
gassing was evident at Revs 3 and 4 Pogo and Rev 4 Guam (distortion of the return
pulse). Pogo experienced difficulty achieving Alpha Lock on Revs 2, 3 and 4 but
it is felt that the non-nominal injection and subsequent tracking pre-pass error
created part of the difficulty. The beacon was turned on by a Zeke command at
Rev 19 Kodi with a solid Alpha Lock achieved 45 seconds later. This demonstrated
beacon warm-up performance comparable or even superior to that experienced on pre-
vious flights.

Approved for Release: 2024/01/30 C05098944
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3.3 SPECTAL COMMAND SEQUENCES

3.3.1 Three sequences were modified prior to use on this flight. These
three sequences and their modifications are described in detail below.

3.3.1.1 Orbit Adiust-2 (Sequence 141)

Rel, Time . Cmd. No. Degcriptor

-35.0 333 R1+YHC PHF RHC IDE-ABE-TC-TQ-RT-CHH0
-30.0 388 PTE IR+I-TM CH+ACHE~
0.0 300 E1+E2+
AT 40.0 371 IR+I-TM CH+AC+E~
AT +3.0 371 IR+I-TM CH+AC+E~
AT+60.0 323 R14YLC PLC RLC IDE=-ABE-TC-TQ-RT-CH-0
3.3,1.1.1 This sequence modification consisted of the substitution of Com-

mand Number 300 (E1+E2+4) for Command Number 303 (E2+) at Relative Time 0.0, This
modification was performed because the planned engine burns were to be of suffi-
cient duration that a double engine burn was desireable. This modified sequence
was executed on Revs 12 and 28.

] 3.3.1.2 Tell Tale Primary and Backup (Sequences 155 and 156)
| . The tell tale sequences were modified by deletion of the R2+ (Recorder Playback)

Command in the primary and backup delay lines. This modification was a direct
result of the recorder failure which occurred on Rev 118. The recorder failure
prevented the recorder playback mode of operation.

3.3.1.3 0CV Deboost=AC (Sequence 150)

Rel, Time Cmd. No, Descriptor

«515.0 397 PZ IR+I-TM CH-AC+
-260.0 285 CPB R1-PO CP+YC PC RC
=40.0 321 RI+YLC PLC RLC IDE-ABE-TC-TQ-RT=-CH-0
-35.0 388 PTP IR+I-TM CH+ACHE-
-34.0 388 PTP IR+I-TM CH+AC+E-
. =10.0 337 R1+YLC PLF RLC IDE~-ABE-TC-TQ~RT~CH=-0
-2.0 317 R1+YLC PLF RLC IDE~ABE~TQ~RT~CH+0
0.0 300 E1+E2+
1.0 300 E1+E2+ ,
200.0 333 R14YHC PHF RHC IDE~ABE=TC~TQ=RT~CH+0
8 T40.0 371 IR+I~-TM CH+AC+E-
AT+1.0 371 IR+I-TM CH+AC+HE-
3.3.1.3.1 The pbove OCV deboost sequence was newly defined for this flight

to perform the OCV deboost using the available impulse remaining in both tanks.
This was accomplished by switching from low thrust to high thrust after 200 seconds

. of burn.

- 3-5
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3.3.4.2 The impulse available at the time of OCV deboost was of sufficient
quantity that it was considered wiser to perform the entire burn in the high thrust
mode rather then switching control pneumatics in the middle of the burn,

3.3.4.3 Therefore, the above sequence was redefined as follows:

Rel, Time Cmd. No.  Descriptor

-515.0 397 PZ IR+I-TM CH-AC+
-260.0 285 CPB R1~-PO CP+YC PC RC
-2.0 '333 R1+YHC PHF RHC IDE-ABE=-TC-TQ-RT-CH+0
0.0 300 E1+E2+
1.0 300 E1+E2+
ADTH0.0 371 TR+I~TM CH+AC+E~
ADT+1.0 371 IR+I~-TM CH+ACHE-
AT+2.0 286 CPB R1-PO CP-YC PC RC
3.3.4.4 This sequence modification eliminated the low thrust mode and in

addition deleted the pressurize command (PTP) since two engine burne had been exe-
cuted previously.

3.4 ELECTRICAL POWER AND DISTRIBUTION SUBSYSTEM PERFORMANCE
3.4.1 Battery Thermal Control

The battery well doors on both sides of V988 had A/E = 1.05 thermal control
coatings.

3.4.2 Pre~launch Battery Failures

Two of the batteries originally activated for V988, serial nos. 775 and 776,
developed cell to case voltage during pre-launch tests. The batteries were re-
placed with serial nos. 779 and 784. Subsequent tear~-down analysis of the failed
batteries revealed each contained one cracked cell case. The nature of the cracks
indicated they were damaged during assembly into the battery rather than in transit.

3.4.3 Pre~launch Ampere Hour Meter Failure

Pre-launch tests indicated that the 2nd stage of the ampere-~hour meter counter
was not resetting from the 100% condition, when the vehicle was on external power.
When switched to internal power, the counter reset to zero on all three stages. It
was expected that the counter would operate normally in flight until the 2nd stage
counter reached 100%. It would then remain at 1007 and the first stage would con-
tinue to cycle normally. This anomaly did not occur in flight. It may have been
caused by the AGE, since it was noted while the vehicle was on external power; or
it may have been intermittant.

3.4.4 Battexy Details

V988 Battery Details are presented in Table 3.4.1. The cell test data indi-
cated a slightly higher average capacity than other recent batter sets, but the
spread between cells was greater. Under present manufacturing procedures, the test
cell data is related to & particular battery. The batteries which had the highest
test cell capacity were installed in the left hand battery wells (positions 2, 3, 6
and 8).

q-—é
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3.4.5 Discharge Profile

The Beta angle was initially +27.7°, decreasing about 1° per day. Thus,
Batteries 2, 3, b and 8, which were installed in the left hand battery wells,
operated in a warmer enviromment than Batteries 1, 4, 5 and 7. The hot side
batteries produced the largest load share throughout most of the flight, peaking
at about Rev 80. The load share on all hot side batteries had declined to a neg-
ligible amount by Rev 129. However, due to the use of isolating diodes between
each battery and the vehicle bus, it is expected that these batteries could have
yvielded a small additional capacity as the bus voltage dropped. Significant
events during the discharge cycle are presented in Table 3.4.2.

3.4.6 Power System Loads

Previous recent vehicles exhibited a predictable power use rate which varied
as a function of the Beta angle. The curve developed from this experience indi-
cated V988 should require an average of 18.5 ampere hours per rev, whereas the
actual mid-mission rate was 21.1 asmpere hours per rev. Thus, V988 required 2.6
ampere hours per rev, or an average of 1.7 amperes continuous, in excess of the
expected electrical power. This amount can bg entirely attributed to the stabili-
zation subsystem bus, which showed a corresponding increase after about Rev 10
over the requirements of previous vehicles. Stabilization Subsystem current for
V986 and V988 are compared in Figure 3.6.2, Additional evidence of higher Stabili-
zation Subsystem power use existed in the TARS Electronics Temperature which aver~
aged 25°F high., Environmental power was commanded off at Rev 127.4.

3.4.7 Power System Capacity
3.4.7.1 The mission planning included provisions for a 9 day flight.

It was evident after the first day that due to the unusually high power use rate,
the normal electric power margin would not be avallable for a flight of this dura~
tion, Later power system predications indicated insufficlent power for 9 days
using the standard capacity computations (Table 3.4.1) end the projected use rate.
The power capacity was re-computed to allow for conditions which had been observed
in previous flights in large Beta angles. These are as follows:

3.4,7.2 Tail-0ff

This is the term applied to capacity achieved by a hot side battery beyond
1/8 of the set capacity. It is capacity produced at less than rated load, and
can only be realized from depleted batteries when other batteries are able to
sustain the main load due to being at an earlier state of discharge.

3.4.7.3 End Temperature

The capacity of the cold side batteries is derated according to the predicted

2

end temperature. If the main load shifts to the cold side two to three days before

the end of the mission, the temperature rise may be sufficient to permit re~-evalua-
tion of the temperature derating.
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. TABLE 3.4.1

V988 BATTERY DETAILS

TEST CELLS, AH

BATTERY NO, SERIAL NO, CELL TEST DATE (15 DAY WET STAND)
1 772 December 30, 1966 393.2, 411.2
2 771 December 30, 1966 405.8, 406.5
3 773 December 30, 1966 414.1, 419.6
4 774 January 23, 1967 401.8, 389.1
5 784 January 4, 1967 393.0, 397.0
6 777 March 20, 1967 418.1, 414.2
7 779 February 1, 1967 394.2, 399.5
‘ 8 ‘ 77é March 22, 1967 432.1, 428.6

. Activation Date: 24 May 1967 (1, 2, 3, 4, 6, 8); 30 May 1967 (5, 7)

Battery Wet Stand Time 'to Launch: 11 days (1, 2, 3, 4, 6, 8); 5 days (5, 7)

Capacity Factors Ampere Hours
Average Test Cell Capacity x 407.4
Standard Deviation, 1 Sigma 13.0
Average Capacity for Set, 8%k 3259.2
Derating for Dry Stand -68.0
Derating for Wet Stand +44,
Sigma x 1.7 9f 8 -62.5
-1.7 SIGMA CAPACITY, SET, WET AND DRY STAND DERATED 3172.7
Derating for Low Temperature (4 @ 50°F) 100
Pre-launch Test Use 97.8
Available for Flight 2974.9
' Battery Well Doors A/E = 1.05 both sides
3.8
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TABLE 3.4.2
BATTERY NO, (% LOAD SHARE & TEMP.) TOTALS
1 2 3 4 5 6 7 8 A AH
12.2% 11.2% 20.7% 6.9% 15.4%  7.5% 15.4% 10.6% 18.8 97.
70°F 70°F 70°F 70°F 67°F 70°F 67°F 73°F
15.0% 17.8% 11.7% 8.9% 13.9% 11.1% 8.3% 13.3% 18.0 407.
66°F 80°F 80°F 61°F B1°F 75°F 64°F 80°F
10.4% 16.4% 15.3% 8.2% 11.5%  14.2%  9.3% 14.8% 18.3 737.
58°F 84°F 82°F 56°F 54°F 80°F 56°F 84°F
8.3% 16.1% 17.2% 7.2% 9.4% 16.7% 7.8% 17.2% 18.0 1077.
51°F 84°F 84°F 46°F 46°F 84°F 49°F 86°F
7.3% 16.8% 17.9% 5.6% 8.4% 17.9% 7.3% 19.0% - 17.9 1417.
43°F 82°F 84°F 40°F 40°F 84°F 40°F 88°F
7.2% 17.2%  17.2% 5.6% 8.3% 17.8% 7.8% 18.9% 18.0 1757.
40°F 82°F 82°F 37°F 34°F 86°F 37°F 88°F
7.6% 16.8% 16.3%2  6.0% 8.7% 18.07% 8.7% 18.0% 18.4 2097.
37°F 82°F 82°F 37°F 34°F, 84°F 37°F 88°F
10.47 13.2%2  9.2% 9.8% 12.0%2  17.2% 13.2% 15.0% 17.4  2437.
40°F 82°F 80°F 37°F 37°F 84°F 40°F 86°F
13.5% 10.4% 1.8% 12.3% 15.3% 16.6% 16.67% 13.5%2 16.3  2567.
42°F 80°F 75°F 40°F 42°F 86°F 46°F 84°F
17.3%  1.7% 1.7% 16.2% 19.0% 12.8% 21.8% 9.5% 17.9  2697.
46°F 75°F 70°F 40°F 40°F 84°F 46°F 80°F
20.0% 1.0% 1.5% 19.4%  22.4% 8.7% 25.5%  1.5% 19.6 2767.
49°F 73°F 70°F 46°F 46°F 82°F 53°F 77°F
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SIGNIFICANT EVENTS

Lift-off conditions

Batteries 2, 3, 6 & 8
warmer due to en-
viromment

Batteries 2, 3, 6
and 8 lead in loa«
share

Batteries 2, 3,
6 and 8 at peak
load share

Load Shift begin

Battery 3 load
share negligible

Battery 2 load
share negligible

Battery 8 load
share negligible.
Heaters off.
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TABLE 3.4.2 (continued)

BATTERY NO, (% LOAD SHARE & TEMP.) TOTALS

SIGNIFICANT EVENTS

T 2 3 4 5 6 7 8 A~ aHmH

21.0% 1.3% 2.1% 21.0% 23.7% 2.1% 27.0% 2.1% 14.8 2797.8 Battery 6 load
49°F 73°F 70°F  46°F 46°F 82°F 53°F 77°F share negligible
21.4% 1.8% 1.8% 22,3% 23.27 1.8% 25.9% 1.8% 22.4 2837.8 Final Data

54°F 64°F 66°F 51°F 54°F 73°F 54°F 70°F

296.1 416.7 404.5 237.5 323.4  420.3 ‘Final Individual

AH,
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TABLE 3.4.3

BATTERY CONSIDERATIONS

Assuming end of life conditions as 27.5 volts at .5 amps instead of 4 amps
gives an additional 20 AH/Battery or total of 80 AH for the four hot side
batteries.

Present data indicates that cold side batteries will be closer to 60°F than

50°F. Assuming a final temperature of 60°F and an average load of 3.5 Amp/

Battery, the capacity derating for temperature reduces from 25 AH/Battery at
50°F to 12 AH/Battery at 60°F for an improvement of 52 AH.

Assuming an end of life voltage of 27.0 volts instead of 27.5 volts yields
12 AH/Battery from the 4 cold side batteries or 48 AH total.

The above yields total 180 AH or 8+ revs at 21.1 AH/Rev.

These yields are recovered at reduced bus voltage - but reasonable assurance
is given that stab and command systems will perform down to 24 VDC.

3-11
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BATTERY NO,
2
3
6

8

TOTALS
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1/8 SET CAPACITY

396.6 AH
396.6 AH
396.6 AH

396.6 AH

1586.4 AH
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TABLE 3.4.4

ACTUAL YIELD

416.7 AH
404.5 AH
420.3 AH

431.5 AH

1673.0 AH

3-17

‘TATL-OFF

20.1 AH
7.9 AH
23,7 AH

34.9 AH

86.6 AH

TEST CELL AVERAGE

406.1 AH
416.8 AH
416.1 AH

430.3 AH

1669.3 AH

24
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3.4.7.4 in addition to these factors, consideration was given to the
power gain which could be achieved by accepting a lower than normal operating
voltage. The normal battery voltage for end of life calculations is 27.5 volts.
Specified minimum allowable bus voltage is 26.0 volts. The expected gains from
all sources are listed in Table 3.4,3. The actual gain from “tail-off" is pre-
sented in Table 3.4.4. Final cold gside temperatures at Rev 131 as shown in Table
3.4.2 averaged 53°F, indicating revising the derating factor to 60° end tempera-
ture for predictions to Rev 146 was a reasonable estimate. At Rev 131, 1165 ampere
hours had been used from the 4 cold side batteries. The 1.7 sigma capacity avail-
able in this group considered as 8 set of 4, derated for wet stand, dry stand and
an end temperature of 60°F, was 1547 ampere hours. The remaining capacity was 382
ampere hours, or 18 additional revs at 21,1 AH/Rev. (This figure does not include
a power gain from operation at less than 27.5 volts terminal voltage.) This was
considered to be insufficient contingency margin for a 9 day flight.

3.5 ENVIRONMENTAL CONTROL SUBSYSTEM PERFORMANCE
3.5.1 Orbit Parameters
Date of Launch 4 June 1967
Lift-0ff Time 65221 seconds
Beta (Sun) Angle +27.7 deg. decreasing 1° per day

S/V programmed for -6.4 roll attitude after Rev 3.4

Before First OA Before Second 0A . -After Second OA

L/O to Rev 12 Rev 12-28 Rev 28 - End of Flight
Perigee 80.6 n.m. 80.4 n.m. 80.7 n.m.
Apogee 192.6 n.m. 158.5 n.m. 255 n.m.
Inclination 104.9° 104.9° 104.9°
3.5.2 Orbital record sequences plotted for the following measure-

ments are shown in Figures 3,5.1 through 3.5.9.

TARS Electronics Internal Temp. Revs 17-18, 33-34, 34-35, 50-51, 65-66, 82-83,
115-116.

6V Power Supply Base Plate and Command Decoder Programmer Plate Temps. Revs 17-18,
115-117.

DCPS Internal Temp. Revs 17-18,
OCV Skin Temperatures Revs 17-18, 115-116,

Adapter Skin Temps. Revs 17-18, 115-117.
wTR
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l' 3.5.3 Significant features of these plots and figures A-Z6 and A-24 & wig:

(a) TARS EP Internal Temp: This measurement was usually 25° higher
than normal. The qualification value of this item is 108°F sincs
stahilization current was about 1.5 amp higher than normal, it is
suspected that some correlation exists between the increased cur-
rent drain and increased temperature.

(b) 'The effects of a decreasing B angle during the flight are shown
in Figure 3.5.3, the result being increased temperature.

() Section 5 Heatetr Temps: From figures A-26 and A-26.a, it appears
that the sensor located at station 104/180° registered about 10°
high for the duration of the flight., Comparison with previous
vehicles and the absence of supporting anomalous symptoms indicate
that this high reading was probably caused by incorrect sensor bisd.

1.6 ATTITUDE CONTROL AND STABILIZATION SUBSYSTEM PERFORMANCE
3.6.1 General

The anumatic System Storage tanks contained 2527 1bs df;contfdl‘éas at launch,
vielding a usable impulse of 10,050 lb-sec. Performance of the Attitude Control
Svsten satisfied specification requirements throughout the flight.

" 3.6.2 Roll Matrix

The Roll Matrix was executed over Pogo on Rev 3. Vehicle accelerations,
deculerations and coast rates as determined by Attitude Control logic were within
specification limits. The roll maneuvers executed on the roll matrix satisfied
the following software maneuwver formulas:

L.ow Rate Maneuvers T = %%%_ + 5 seconds
Medium Rate Maneuvers T = {%%T + 1.6 seconds
High Rate Maneuvers T = é%%i 4+ 2.6 seconds
3.6.3 Vesign Changes Effective Vehicle 988
3.6,3.1 Redundant Prneumatics System j

The Pneumatic System was redesigned into a Redundant System, consigting of
a high thrust branch from one storage tank and a low thrust branch from the other.
The storage tunks were isolated by two balancing valveg. Under normal conditions,
the vehicle pneumatic system was designed to operate the same as previous vehicles
with periodic balancing to provide equal control capability in each branch., 7In the
. event a leak developed in either branch, further balancing could be terminated and
control capability of the normal branch could be used. Each branch was designed
with a degraded operating mode capability which could be commanded by real time
commands. The balancing was also controlled by real time commands.
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3.6,3.2 Qutboard Roll Nozzles

The high thrust roll nozzles were mounted on the exterior vehicle skin at
bulkhead 216. This change increased the lever arm of the roll high thrust nozzles
and eliminated the impingement effects. Since it was desired to keep the sadisl
acceleration the same as for previous vehicles, the increased lever arm resulicd
in an impulse saving per high or medium rate maneuver.
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