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Administered by the Alr Force Ballistic Missile Division (AFBMD), the
Discoverer Program bas as its principal cbjectives the development of Thor-
boosted Agena satellites capable of functioning as carriers for sclentific
materials and the recovery of capsules ejected from orbiting Agenas.

As prime contractor, Lockheed Missiles and Space Division, Satellits Sys-
tems has overall responsibility for developing the program. Development
of the Thor as a booster rocket for the Agena satellits has besn carried out
by the Douglas Aircraft Company.

This Wilhﬂﬂqmunmhﬂuadpm. analysis
report for the launch of Discoverer XIV from Vandenberg A¥B on 18 August

1960. It is prepared to meet a xequirement of Contract AF 04(647)-558 in
sccordance with Paragraph 1.4.1 of LMBSD-445158-B, Discoverer Program.
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SUMMARY

Discoverer XIV (1960 Kapps), consisting of a Thor booster (237) and an
Agena sutellite (1056), was launched into orbit from Vandenberg A¥B
Complex 75-3-4 at 12:57:07. 85 PDT on 18 August 1960 on the first attempt.

Liftoff, Thor boost, Agens second-stage burning and injection into orbit
were accomplished without incldent. Injection conditions produced a
94. 54-minnte orbital pexriod, with a 441 nautical mile apogee, a 103. 5
nautical mile periges, and an sccentricity of , 046.

On the initial acquisition by the Kodiak Tracking Station (XTS), attempts
were made to transmit an orbital-timer incresse command, but Command
Tons A was pot verified. However, after sdjustment of the ground radar
equipment, XTS was able to reset the orbital timer to the desired period
on Pass 2. later, Pass 10 difficulty was experiunced in commanding the
satellite from the Hawalian Tracking Station (HTS), but again, by readjusting
the Tons A deviation of the ground radar, the commands wers transmitited

properly.

During Passes 1 and 2, the satellite indicated attitude instability which
caused excessive use of control gas, and it appeared doubtful if sufficient
gas would remain for recovery opsrations on Pass 17. However, when
reacquired on Pass 8, the satellite had stabilised, gas~consumption rate
bad been sharply reduced, and nominmal consumption with good stability .
contimed until recovery. The csuse of the original instability is being
iavestigated. . .

| On Pass 13, the orbital timer was successfully reset to permit recovery in

the planned area. Therefore, on Pass 17 recovery was initiated and success-
fully carried out. Stations were umable to receive the capsule telexstering

vii
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because of telemeter circuitry failure. Several stations and recovery-force
units acquired and tracked the capsule VHF beacon.

A Tecovery alrcraft was directsd to the impact area which was approxi-
mately 430 nautical miles downrange from the originally predicted area.
On the third recovery pass, the capsule was hooked and successfully brought
on board, Thecause for the large deviation in the impact area from that
 predicted is mbolhvodhbodub!mpumncmryoﬂnhﬂmdﬂn
satellite, This problem is being investigated,

With the exception of the satellite instability on Passes 1 and 2 and the in-
correct recovery attitude, the flight was a complete success, resulting in
the first asrial space capsule recovery and the sscond Discoversr capsuls
recovery. |




1.

3.
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CONCLUSIONS

Discoverer XIV, carrying an AET payload, achieved approximataly
92 percent of its flight objectives, including that of recovering an
instrumentsd capsuls from an orbiting satellits.

Performance of the Thor booster was within tolerance, and the orbit
achisved was near preflight nominal.

The objectives not met included the attituds stability of the satellite
for orbit and recovery. However, the malfunction was such that,
while the recovery impact area was 430-nautical miles downrange,
the capsule was recovered in the air by a recovery-force plane,
Capsule-telemsetry command difficultiss proved to be primarily in
the ground control equipment.

Communications and control by the Sunnyvale Satellite Test Center
were satisfactory. Launch tracking, orbital tracking and control
were properly carried out.

LOCKHEED ARCRAFT CORFORATION -S‘EGR‘E:F MISSLES and SPACE DIVISION




LMED-446240-56
CONTENTS
Page
FOREWORD v
SUMMARY vii
CONCLUSBIONS ix
NOMENCLATURE xvil
SECTION 1 INTRODUCTION * l=1
Program Objectives 1-1
Scope of This Report ) 1-2
Summary of Discoverer Flight Teats 1-3
TEST DESCRIPTION
SECTION 2 TEST CONFIGURATION - 2-1
Tracking Alds . 2-1
Recoverable Capsule 2-5
Recovery Force ' 2-5
Tracking Complex 2-6
_ SECTIONS  TEST OPERATIONS ' 3-1
Prelaunch Oparations 3.1
Launch and Ascent : 3-4
Ozrbital Operations _ 3.4
' Capsule Re-entry and Recovery 3.14
TEST EVALUATION ,
SECTION 4 TEST OBJECTIVES AND RESULTS 4-1
=i

LOCKHEED AIRCRAFT CORPORATION _SEG‘R'ET_ MISSILES and SPACE DIVISION




LIIBD-'“&‘O-A 56
CONTENTS (Continued)
Page
BECTPN 5 FLIGET PERFORMANCE 5-1
Launch and Boost Phase 5.1
Trajectory . 8«11
Orbital Phase 5-15
SECTION 6 TELEMETRY AND INSTRUMENTATION 6~1
Satellite Telemetry 6~1
Capsule Instrumentation . b=2
Capsule Telemetry 6-2
SECTION 7 . CAPSULE PERFORMANCE 7-1
.Capsule Attitude 7-1
Retro Phase . T=3
Bubnominal Spin-up 7-5
SECTION 8 RECOVERY OPERATIONS 8.1
Prerecovery Operations 8-1
Capsule Tracking Operations . 8-1
Recovery Force Opsrations 8-7
Control, Communications, and Weather 8-7
Capsule Condition 8-9
Operations Summary 8-9
SECTION 9 GROUND SYSTEMS 9-1
Satellite Test Center (STC) 9-1
Palo Alto Computer Centsr (PACC) 91
System Operations Analysis (S80A) 9-5
Human Factors . T 9uT
Tracking Stations 9-7
Ground Support Equipment 9-14
SECTION 10 OPERATIONS SUPPORT 10-1
DISTRIBUTION LIST
=i
LOCKHEED ARCRAFT QORFORATION _SEGR'H- MISSAES ond SPACE DIVISION

W a— -




LMSD-446240-56
ILLUSTRATIONS
Figure  Pape
Frontisplece  Liftoff of Discoverer XIV (Agena 1056/Thor 237) "
. from Pad 4, VAYTB ,
Recovery Capsuls and Parachute are Hooked by iy
C-119J Boom on Third Attempt ‘
2-1 Agena Inboard Profile 2-2
2-2 Agena 1056/Thor 237 Configuration 2-3
3.1 ol‘omg:ﬂl;mw at Istimated Time _3-16
3.2 Recovery-Force Beacon Bearings from 2253 GMT 3-19
to Recovery
8-1 Ascent-Attitude Control Performance 8.7
5-2 Inertial Velocity.in Relation to Tims 5-12
5-3 Altitode in Relation to Time 5-13
5-4 Crossrange Related to Downrange 5.14
5.8 Agena Orbital Tracks Feollowing Launch 5-16
5-6 Agera Orbital Tracks Prior to Recovery 5-17
5-7 Hydraulic-Motor Battery System 5.18
5-8 Orbital-Attitude Control Performance 5-19
5.9 Torquing Clrcuitry 5-21
5-10 Amplifigr Gain Characteristics 5-22
6-1 Agens 1055, 1056, and 1057 Recovery 'rolunury 6-4
Coverage
7-1 Pitchdown Performance 7-2
7-2 Effects of Retrorocket Firing Angle on the 7-4
Impact Paint
7-3 KT8 VHF-Beacon and Agena-Telemetry !lpl.l- 7-6
Stron‘th Records
xdii
LOCKHEED ARCRAFT CORPORATION 'S‘EG'R‘E'P MISSILES and SPACE DIVISION




SECRET

LMBD-446240-56
ILLUSTRATIONS (Continued)
Figure : Page
-4 . Agena and Capsuls Trajectorised During Re-entry 7-8
8-1 Recovery-Force VHF-Beacon Acquisition History 8-3
8-2 Capsule-Beacon Coverage, Recovery Pass 8-5
9-1 Errors in Predicted Time of Station Crossings 9-4
9-2 Tracking-Station Positional-Data Quality 9-9
9-3 Launch Radar and Telemaetry Coverage . 9-10




SECRET | 'Mn

TARLES

Number : Page
2-1 Agems 1086 Weight Statement 2-4
+2 al:;lﬂh xave ot ot . 8=8
-1 Agena 1086 History 3-1
3-2. Countdown Chronclogy 3-2
3-3 Lawmch Segquence of Events 3.8
3-4 Ozbital Contact Summary 3-8
3-3 Impact Area Predictions | 3-18
3-6 Capsule Aoguisition by Force cm 3-17
S-1 Summary of Critical Deta 5«2
5-2 Tempersture Flight Data ' 5.5
B-3 Power Sepply Voltages _ 8-6
5-4 Propulsion Pezformance 8-9
B-3 Commands Semmary 5-2¢4
86 Ozbital Timer Accuracy 5-28
8.7 Ozbital Timer Events 5-29
7-1 Retro Events Determined VHF Beacon 7-6

by Illlll

9-1 Caommunication Problems 9-2




AGC
Countdown

LOCKHEED AIRCRAFT CORPORATION

SEGREF 62056

. NOMENCLATURE

Attitude-Damping System

Automatic Gain Control

Step-by-step process leading to a missile
launching .

" Reduction of radar-beacon response to interro-

gations due to unsynchronised multiple-active
tracking by two or more ground radars, or by
improper spacing between the command and
interrogation pulses

Continuous-Wave Acquisition Transmitter
Douglas Aircraft Company

Direction Finding

Estimated Time of Acquisition

Estimated Time of Parachute Deployment

l‘zoqu'oncy-mod subcarriers, Frequency-
Modulating carrier ) ’

A C-band skin~track radar

- General Electric Company

Government-Furnished Equipment
Hawaiian Coutrol Center

Hawaili Tracking Station

Inexrtial Reference Package

Johns 'Hopkins University/Applied Physics
Laboratory

Knots, Indicated Airspeed

Kodiak Tracking Station

Missile Assembly Building, VAFB
Main Power Relay

- Point Mugu Tracking Station

New Boston Tracking Station
Palo Alto Computer Center

xvii
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NOMENCLATURE (Continued)

" Pulse-Recurrence Frequency
Pacific Missile Range
Radio Frequency
Smithsonian Astronomical Obsexvatory
Solar Auxiliary Power Unit Telemeter

- Santa Crus Test Base

System Operation Anslysis
Satellite Test Center, Sunnyvale, California

Time in seconds measured from 2400 Greenwich
Mean Time (GMT): recycles every 24 hours

A high-gain, narrow-besm, VHF, automatic-
trac , 60-foot-diameter antenna

Vandenberg Air Force Base
Vandenberg Control Center

Very Long-Range Tracking Radar
Voltage Standing-Wave Ratio
Vandenberg Tracking Station
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SECTION 1
INTRODUCTION

In Discoverex Proplﬁ operations to date, 14 Agena satellites have been
launched from Vandenberg AFB, 9 of which have been successfully injected
into orbit. Present plans call for the launching of 16 additional satellites
before the program is concluded.

PROGRAM OBJECTIVES

The principal program cbjectives are the development of Thor-boosted

Agena satellites, capable of functioning as carriers for scientific material
and the recovery of capsules ejected from the satellites. Additional cbjec-
tives are the perfecting of equipment, techniques, and procedures for launch-
ing Thor-boosted Agesna satellites; attaining orbit; acquiring, tracking, and

" commanding the Agena during launch, ascent, and orbit; recording, trans-
mitting, receiving, and processing satsllite functional and environmental
data, as well as geophysical data. I is also expected that system operatiomal
techuiques and procedures, including tracking-station, control-ceater, and
launch-base training, will be refined as ths program progresses. Specialized
tests, including asromedical research, will be exscuted during the series.

A propulsion-system capability for single restart and extended-duration
operation will also be tested. .

Finally, an important long-range objective of the Discoverer Program is the
refinement of squipment and procedures which will be used in the more ad-
vanced MIDAS and Samos programs, as well as in future deep-space probes.

LOCKHEED ARCRAFT CORPORATION _S'E'eR'E'T_ MISSLES and SPACE DIVISION
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SCOPE OF THIS REPORT

Under Test Evaluation, this report covers the Test Objectives and Results
(S8ection 4). Test Description is concerned with all slements of the Test
Configuration (Section 2) and a Chronological Description of the Test
(Section 3). Additional sections under Test Evaluation provide the detailed
performance of the flight, capsule, recovery cperations, instrumentation,
ground systems, and operations support.

1-2
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SUMMARY OF DISCOVERER FLIGHT TESTS
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TEST DESCRIPTION

SECTION 2 TEST CONFIGURATION
SECTION 3 TEST OPERATIONS
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" SECTION 2
TEST CCNFIGURATION

As with previous flight tests in the series, the Discoverer XIV systam con~
figuration consisted of & second-stage LMSD orbital Agenas satellite

(Model 2205, Serial Number 1056) (Tig. 2-1) mated by an adapter section to
s DAC Thor (Serial Number 237) (Fig. 2-2), with the necessary first- and
second-stages support equipment, a ground station launch complex, com~
mand and communication system, and 3 capsule-recovery force. ‘

The Agena 1056 waight statement and Discoverer XIV couh:o-d-mvity
and momaents-of-inertia appear in Tables 2-1 and 2-2.

TRACKING AIDS

Asmong the special features of the satellite were s Jobns Hopkins University/
Applied Physics Leboratory (JHU/APL) tracking beacon, transmitting on

162 and 216 mc (for determining orbital paramaeters by the Doppler technique)
and four 12-volt, 100-candlepower light bulbs {for high-accuracy optical
tracking), both operated off the hydraulic battery. The beacon was pro-
grammed to operate continuously until battery exhaustion. The lamps were
controlled by the orbital timer to turn on while the satellite was within re-
ception range of the Smithsonian Tracking Stations, which were equipped
with Baker-Nunn cameras.

2-1
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Table 3-1
AGENA 1056 WEIGHT STATEMENT

—

Predicted

Velght )|y | s ()

Agena Weight Napty 015 : o1

86k3

|
T -

4_55 Eg

. |Separation Weight & | 873

]
M
i
z

j
z
5
"

;
|
|
wh
..

wdg:m on Orbit (With Control Gas) . 1788 | 1786

|

l

'd;u:: GG:'::::;“ Expended) : ” 1753 8 1Th9 :
|

I
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Table 2-2
DISCOVERER XIV CENTERS-OF-GRAVITY AND MOMENTS-OF-INERTIA

CONDITION Crams OF Ja88 (IN)  (MOEES oF THERYIA (BTG FTC)
z X Y L Iy I,
Booster Burmooy | 645.1[40.08 | 40,34 | 381,200 | 382,200 | 2,076
Thor Paylosd, 362.3 | «0.0% | 40.0T 2,M1 2,kop 152
Separstion 361.1 | -0.06 | 40.08 2,051 2,966 i3
Nngine Ignition 360.6 | <0.0h | 40.08 2,162 2,177 ie3
Brnout 353.9 | =0.12-| 40.38 1,7 1,764 122
On Orddt, ¥o Guses | 349.1]40.13 | 40.43 1,683 1,625 i
RECOVERABLE CAPSULE

The Agena's recoverable capsule was similar to those on previous Discoverer
flights, except that the spinup and despin rockets were replaced with the cold-
gas-jot system (Freon-nitrogen) as in the previous Discoverer XIII .

(Agena 1057). Ths recoverabls payload was an AET test package.

RECOVERY TORCE

The capsule~recovery force consisted of nine C-~1193 aircraft (for acquisi-
tion and asrial capsule pickup), four RC-121D aircraft (for capsule location),
one C-130A aircraft (for acquisition and aerial capsule picknp), five JC-54
aircraft (for recording capsule telemetry signals), one WV-2 sircraft

(for frequency-interisrence control and capsule location), and two victory
ships, USS Haitl Victory and USS Dalton Victory {for surface recovery).
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mm«:»mm::dntnl ll-dagaumﬂthﬁuhudls&-
degress 48, Tninhl west longitade,

TRACKING COMPLEX

The tracking station complex was similar to that of the previous Discoverer
flight, with the excepiion of the USS Pvt, Jos X. Mann which was replaced
by & WV-2 aircraft (for telemsetry reception). The Pacific Miasile Range
(PMR) facility at Barking Sands, Kaual, recorded capsule signals and
transmitted bearing information to the Hawaiian Tracking Station, (HTS)
Oahn, where, together with ihe HTS and South Point bearing information,
the approximate capsule trajectory was determined. The temporsry telem-~

stry-receiving station on Christmas Island was also utilized to extend the
capsule~detecting and telemetry-receiving range.

2-6
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SECTION 3
TEST OPERATIONS

PRELAUNCH OPERATIONS

A summary of Agena 1056 progress from the time of its manufacture to the
tims of launch is presented in Table 3-1.

Table 3-1
AGENA 1056 HISTORY

Dute vt .~

. 5-26-59 Completed (mammfacturing) finel assesbly TMED, Sunnyvale
G~05-59 Sent to modification end checkout et IMED, Sunnyvele
8-6-59 Bent to and received st S0TB

9=-16-59 Oompleted sucoessful “hot" firing

95 Beturned to 1D, Smmyvale, £ modifiosticns snd Sheokout
112459 Sent o snd received ot VATS

helta60 Completed MAP mystems oheckout run

4-T-60 Sent to Pud & |

he£6-60 Returned to MAB following planning-scheduling changes
7-21-60 Cowpleted final MAD systems cheokout -

7=-23-60 Trensfurred to lmmch complex

7-30-60 Completed final systems check at pad

8-16-60 Oompleted mating to first-stage dooster

8-18-60 Immobed velicle

3.1 -
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The one ‘countdown Tequired to launch Discoversr XIV began at 0430 PDT
on 18 August 1960 and proceeded smoothly to a successful liftoff 8 hours
and 27 minutes later. Two technical holds were necessary. '.l'hnn.holh
totaled 72 minutes and were caused by ground support equipment (GSE)
delays detailed in the Codntdown Chronalogy, Table 3-2. '

The Sunnyvale Satellite Test Center (STC) and ths Palo Alto Computer

Center (PACC) were manned and ready for countdown and launch by 0530
PDT. Checkout of the tracking system and data-transmission link was in-
itiated on schedule. Practice system runs were received and evaluated,

and all stations were ready for launch operations at 0845 PDT.

~ Tsble 3-2
COUNTDOWN CHRONOLOGY
"Sine Schaduled | Astusl Oowrtiow Time
. Btaxt Bbaxrt
nq Pagk *ns |Duretion oretion
To. . . (xtn) (mtn) |[(Per xin (mtn)
1. |Precountdown Operations | 2 - 435 10 k30 [T-435] W
and Countdown Irditdation
2. |OFE Mating ? - k25 45 Oush |T-321] 3
3. |6helter Removel T -5 0 o%7 |r-98|
Vehicle ¥rection _ o
4. |R® Checkout ' . 380 50 O60L T - 3%} 9%
5. |lauysrd Comnection snd .| T - }5 0 060L [T~ k] ¥o
Foel-Pruck Activetion
6. |Destrust Test } T . 315 0 oTHh [r-251] 23
7. |Orbital Btage Arm * . 285 ko orst (v -228] 36
8. |Comect Pirst-Stage T . 285 %0 orsT |T~-228| ¥
Destruct System

3-2
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Table 3-2 (Continued) -
Pime Scheduled | Actusl Countdown Time
Sttt Btart *
{Task Task Pime { Duretion | Duretion
No. (utn) | (min) min) | (min)
9. [Propsllant-Lins F{ll. L L] (] 0835 |T-1901 T3
mn.lw(') 0510 |*-155] %0
10. |Countdown Bvalustion T . 185 0 0938 |T ~115| 15
11. |Electronfos Warmp ?.5 90 9% [2-155] 32
12. |GFE Checkout » . 150 ko og%® |T-153| o8
13. |BRangs RPF Checks R 0 0955 T - 150 5
k. |Propellant Tanking T-10 0 wee [PT~-123] T6
15. |Secure Proupellant Trucks | T - 80 25 18 [T~ AT e
16. [Outdance snd Flight- T.55 25 |1200 |T -~ 25 33
Control Checkout _ :
17. |Presswri ®. 35 25 1200 (T - 25 3%
Bold Jo. 2 Tagosed (P) o |r-315]| 32
18, |Countdown Evaluation -3 g 1235 |T.- 15 ¥ 4
19. |Terminal Countdowr L I T 12a |1oh5 |T - 22 ig
10s 108
140t0rt at -0 125T:07:85
SMARY OF BOLDS
(.) ‘Hold No. 1 was called at T - 155 for work %0 eatoh up with the
oount sfter earlier delays. Omuses for chese dslays included:
1. A hySrsulic power unit mslfunction during Task 3 (DAC GEE)
2. Task b (EF Cheokout) delay to svoid RF interference with a
| systems run at the MAB (IMBD)
3. anuwummmms
(18D G8R)
5. Inadvertent opsrstion of the water-deluge system st the ped
during Task 9 (DAC GER)
5. Mcﬁudummmnhmu
(») noulo.amuuuct! 15 o allov work to oxtoh up again
with the count, after & delay in Task 1%, propellant tanking
(DED aax).
3.3
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LAUNCH AND ASCENT

Discoverer XIV was successfully launched into & near-nominal orbit from
Pad 4, VAFB, at 1237:08 PDT on the 8rst launch attempt. Liftoff was
normal and culy minor pad damage resultsd. Ths vehicle was launched
nzﬂcdljandﬁnnl properly :ou.dbad.m asimuth of 172, 4degress
(172 degress predicted). All programmed events occurred in the proper
sequence. The first-stage boost trajectory was nominal. Thor main-engine
operation was normal with an opersting time of 164. 89 seconds (approxi-
mately 0. 35 second longer than predicted). Separation was initiated
properly and completed within 0.74 second of the predicted time.

Data received and utilised by the Reeves m:'atﬂu Point Mugu Track-
ing Station (MTS) during ascent and coast resulted in the transmission of
24. 29 seconds of Comxmand 5 (which extended the D~timer hold to 26.70
seconds), and 13.2 seconds of Command 6 (controls velocity-integrator
setting). Both commands were received by the vehicle and properly exe-
cuted.

Agena engine start (90 percent thrust) occurred at T + 277.8 seconds and
nominal thrust was obtained. Duration of angine operation was 115,78
seconds, compared to a predicted time of 112.7 seconds. Engine shutdown
was by integrator comxmand. rmmm.n-m.am

T + 690 seconds by the downrange telemetry ship.

Table 3-3 lists the predicted launch sequence of events and the actual imes
when these svents occurred.

ORBITAL OPERATIONS

Checkout of the tracking systems &mn-mmﬁom
prior to launch, usin, nominal acquisition messages that had been sexnt to
all stations. On the basis of lasunch tracking data received by the PACC
from MTS and VTS, initial orbital elements were calculated and 2 new

3-4
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Tahle 3-3
LAUNCH SEQUENCE OF TVENTS
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Table 3-3 (Continned)
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acquisition message was gensrated and sent to the XKodiak Tracking Station
(KT8) for Fass 1. Acquisition messages were also sent to the other track-
ing stations (TS, VTS, and MTS) for use during Pass 1. Orbital tracking
of the Agena is summarised in Table 3-4 for all types of signal.
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CAPSULE RE-ENTRY AND RECOVER

Prcroéonry opsration briefings proceeded as planned with both the surface-
elament briefing and the sir-element briefing accomplished on schedule, The
operation was conducted with the same force composition as Discoverer

- XIII with the exception of the USS Pyt Joe E. Mann telemetry ship which

completed its commitment to the program prior to the Discoverer XIV
operation.

Revisions to the impact area ware issusd as refined ephemse:zis data and be-
came available from the launch operation and succesding orbital passes. The
revisions as inuo_d are listed in Table 3-5. ‘
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, Table 3-5
IMPACT-AREA PREDICTIONS
Prediction | Time of Neoelpt | MD® | Iatitude | Jongitude | Pass
. (o) (@x) | (g X) | (20g W)

1 (Nomival) | 1915, 16 mgnst | 2151:15.3 | 24°00.5' | 158°%9.8' | 17
1 2 2340, 18 Mngust | 2052:17.2 | 24°00.0' | 163°33.6* | 17

3 0905, 19 ingust | 2251:51.0 | 24°00.0' | 163°26.8' | 17

b 1020, 19 Mugust | £251150.0 | 24°00.0° | 163°26.4' | 17

5 1047, 19 Augnst | 2051:h2.1 | 24°00.0' | 263°2k.0' | 17

6 2008, 19 Jugust | 2251:32.5 | 2h°00.7' | 163°22.0' | 17

T 2126, 19 mgnst | 2051:89.0 | 24°15.7' | 163°2%.5' | 17

* Estimnted time of Faraciaurte Deployment.

The recovery operation on 19 August began with s fully operstional force,

All recovery-force aircraft were airborne by 2046 GMT and on station by
2137 GMT. The USS Haiti Victory and USS Dalton Victory were on station by
2047 GMT. At 1850 GMT, the RC-121 Number 1 and Number 2 aircraft were
ordered to assume stations 100 nautical miles south of their planned staticns.
After KTS was able to command the satellite, the RC-121's were oxdered at
1947 GMT to return to their normal stations. At 2045 GMT, RC-121 Number
3 reported that its Number 4 engine was out and the aircraft was adborting its
mission., At this time, RC-12]1 Number 4 was advised to move northward

50 nautical miles to cover the southern recovery area. This order was re-
vised immedistsly to proceed per plan and not to change position. Upon re-
ceipt of prediction 7, all force components were moved 16 nautical miles
north. The force deployment at estimated time of parachute deployment
(ETPD) is shown in Figure 3-1. |

. Thas first capsule VHF-beacon~signal acquisition by a recovery-force com~
poneut was by the USS Haitl Victory at 2246:50 GMT (Table 3-6). At
2248 GMT, C-119J Number 8 acquired a Class C bearing. By 2250:30 GMT,
eight recovery aircraft, the Haitl Victory, the WV-2, and JC-54 Number 1
had VHF beacon acquisition with either an indsterminate bearing or a northerly
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bearing. By 2253 GMT, all of these signals were lost with the latest fade

" reported by JC-54 Number 1. At 2253:05 GMT, C-119 Number 9 acquired '
the VHF beacon on a bearing of 261 degrees. By 2239 GMT, six recovery
aircraft, the WV-2, and the USS Dalton Victory acquired the VHF beaceon in
the general direction of the final recovery area (Fig. 3-2). Later, the
C-130A aircraft also reported a short acquisition in this direction. At

2255 GMT, RC-121 Namber 4 sighted chaff on its APS-20 radar at 204
degrees and 127 mautical miles. Subsequently, this aircraft sighted the chaff
and possibly the parachute on its APS-45 radar. ' :

At 2304 GMT, C-119 Number 9 reported visual sighting of the descending
parachute capsule at a 16, 000-foot altitude and at a distance of 5 to 6 nautical
miles. Recovery was made at 2309 GMT on the third pass at an 8500-foot
altitnde. The recovery was accomplished at an indicated sirspeed of 110
knots. The winch main-brake setting was 3,2 (static-winch brake setting of
approximately 600 pounds) with.a delay of 2 (5 drum revolutions before braks
application) resulting in a Mne payout of 350 feet. One hundred, eighty-five
foet of the 100-pound cord were carried in the energy-absorption trough,
Contact with the parachute was made with the right pole and right hottam
hook. Aerial recovery was normal and the recovered capsule was reeled
aboard the aircraft at 2323 GMT. S

The recovered capsuls was not dented upon recovery and transfer into the
recovering aircraft. Insulation on the canncn~-plug wiring was reported to
be burned off. The top of the capsule was sooted, and the two strobe lights
appeared as if they bad been melted or heated to near liquid form. The cap-
sule was still warm to the touch when reeled into the aircraft. The top wires,
antsnnas, and strobe lights were disconnectsd upon recovery. The para-
chute appsared to be undamaged during its descesnt and only slight oscillations
were noticeable. I ripped on recovery and was repozted to be slightly
burned on top. '

3-18
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SECTION 4
TEST ORJECTIVES AND RESULTS

'Yes | Partial | No

I PRIMARY OBJECTIVIS

a. FPlace a Discoverer satellite with a recover- X
able capsule in orbit.

b. Secure Wu m the
test material 4
of time the rm%nh is hmcrm
(nominally 27 bours).

c. Eject the capsule from orbit and recover X 1
for direct examination of the test material
for data and analysis.

In order to achieve the basic objectives, it
was necessary that the following specific
objectives be attained: :

1. The ground support equipment mmust X
and checkout

required for the launch of the Dis-~

coverer satellits and Thor booster. v _
2. The Thor booster must carry the Agena| X ]

satellite to the planned sepazation alti- ‘

tods, achieve the planned attituds at

:m;lcn. and provide the required

at separation,

3. The Agena sirframe and adapter must | X
demonstrate the a ' to withstand

comtrol system and fiight
environment.

4. The Agem systemn must pro-| X
vide the total impulse re- :

od to attain orbital velocity follow-
qi::’boutu upl:-:tun.

5. The unit X
Agena auxiliary power motd
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Yes | Partial | No

6. The Agena guidance and control system| X
must dexnonstrate the ability to:.

(a) Derive the time-to-initiate orbital | X
boost and the velocity-to-be-gained
. during orbital boost, using auto-
matic computation squipment.

(b) Initiate and terminate orbital boost
at the proper time.

(¢) Maintain proper satellite orienta- X
tion during coast, orbital boost,
‘and the orbiting phase until ejec-
tion of the recoverable capsule.

7. The Discoverer satellite d.:bono

and ground telemetry, tracking, and
command systex must demonstrate

ability to:

(b) Properly transmit, receive, act X

(c) Determine an ephemeris of orbit X
sufficiently accurate to assure
acquisition on each successlve
intercept and to allow the satel-
lite timer to be adjusted with
sufficient accura Ebmp&m
the required sat

8. The Agena satellite recovery system
. must demonstrate:

The of the ble X
(a) d:ﬂhy u:v:u |

() Gonptl:hlnty of the recover- b 4
able capsule with the Discoverer
satellite in its ascent, orbit, and
during the ejection phase. |

4-2
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Achievement
Yes | Partial | No

(c) Proper capsule functioming during | X
re-aniry to facilitate recovery by
the related airborne and surface
system,

(d) Compatibility and suitabllity of x

‘ the related surface and airborns

recovery system components and
techniques.

. SECONDARY OBJECTIVIS

2 Test and evaluate Agena satellite systems | X
ﬁM.anwm—
p.. ’ -

b. Test and svaluats tamperatures at a suf- X
ficient number of locations on ths Agena
satellite so that the heat-flow paiterns
established in thecretical design can be
verified and the temperatrres snviron-
ment for later flights can be established.

¢. Test and evaluate the interstation com- .
mmications network.

d. Demonstrate the capabllity of the system
personnel to perform all checkout, lsunch,

cedures necessary to the attainment of
test objectives.
I, TERTIARY OBJECTIVES

a. Ewvaluate overall systam performance for b 4
the planning of future programs.

4-3
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SECTION 5
FLIGHT PERFORMANCE

LAUNCH AND BOOST PHASE

Launch occurred normally with Thor Booster 237 performing adequatsly and
meeting all test cbjectives (Summary of Critical Data, Table 5-1).
wvddnm 117,034 pounds. The launching pad suffered only minor
damage, _

Thor propulsion was normal with a liftoff thrust of 151,000 pounds. Roll to
the programmed 172-degres launch asimuth was accomplished successfully
(actual value 172. 4 degress). Main-engine cutaff occurred at 164.89 sec-
onds with vernier-engine operation of 9. 59 seconds following. Main-engine
cutoff was due to oxidiser dnuﬂonwiﬁnmpdhntntﬂiuﬂud”.’."
percent. Some pitch-rate oscillations were obnrnd(l&! to 160 seconds) but

were only about one~tenth amplitude of the previous flight (Discoverer XIII).

Structural loads and dynamic environment oatho&mvon normal and less
than design values. Dnzln' separation, an unexplained 5-degree yaw angle
was chserved. The expected valus is 2 degrees and the cause for the dis-
crepancy is being investigated. Temperaturs enviromment was also within
expacted values (see Table 5-2). Power consumption was normal with all
units cperating properly (see Table 5-3). Flight data on the hydraulic battery

" ‘is oot available dus to a failure of the monitor, but proper operation was
evidenced by the hydraunlic motor operation.

Guidance performance was normal from hunbh through yaw-around (Fig.5-1).
During coast, the gyros indicated a correct pitchover rats of 45 d.llm!n!or
29 seconds., The horison-scanner operation was slso corroct dnr!.u th.
hmha.ndboutphu. mmd-mmwm .
ignition were correctly dlnpod. including the above-mentioned 5-degree of : 4
yaw at separation. o o
5-1 i
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 Table 5-1
SUMMARY OF CRITICAL DATA
Liftoff Weight (1b) pa7,85%1 17,038
Thor Paylosd Weight (1b) 8,643 8,6m
Agena Dry (1b) 2,015 2,011
Agena Oxidl 1 Y : :
Agena Fuel ?J:)( ) 11322 - 11%
Immoh Axiwmith (deg) 172 iTe.h
_Thor Roll Program (deg) 9.48 | 9.1
Thor Main-engine Outoff
164.84 164.8
e e BN o K152
Velocity, Inertisl (f£t/sec) 5,760 13,456
Flight Fath ingle, Inertisl (deg)| 17.63 18.35
Range (mm) 8h. 82.1
Vernier-engine Cutoff
Time (sec) 173.8% 1Th.48
Btart Beparation
Piue (sec) 1683.6h 182.31
Veight 8,/ 8,469
D-timer Hold
221 ee.
St Lues) 2.8 ~ ¥4
Command 5
20k.18
Semrt (nes) 2.8 28 43
Ooumapd 6
Staxrt (m) m-a N-
stop (sec) 264.53 26)..63
Thor Coast Apoges_
Time (sec 345 346.2
uutuz. f:-) igsg . ),12:’23
Velooity, Inertial (ft/sec) 12,987 12,516
5-2
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. Table 5-1 (Continued)

Agmna — 908 hrust Attainment ‘
Time (sec) @,,,.,fg’ 277.78
'“t ‘n’ a, a)u's
fmm?y (_nm-m) (2¢/s0c) # 13 o 20,784
mm-h'ﬂ m: Iner tial - ,v . e .88
Bange (mm) ( ) 313-19 . 303-0

‘m‘b:lh.l Boost (se0) (s (v)
:nuncgi:';ii:fm) (13/ow) :n;:s 7 3:9
Borisontal Veloodtyto-be-geined 3 E

- Dnartial, 508 P "to 70§ P, (£t/000) :5‘,'&53},3,{82"’ 13,76

Burnout ‘
' ( (v)

Tine 3 .
e o) Y | s
Altitude (mm) 10k.3 10k.62
Velocity, Mexrtial (ﬁ/ucz 26,082 86,106
mm%:)m. deg) ' ‘eg 635'22
Lougitade (Geodets (aeg) . - 167

Toitial Orbit Paremeters
Ecomtriet . of
Pariges ngm (om) : m.gm mg“
Perigee tude Fass 0 (mz(u,) o 150 18.51w
Periges Iatitude Pass 0 (Geodetic){deg In 19. ¥
Apogee Altitude (mm) .9 T
Apoges longitude Pags 0 (Geodetic)( ) o 50. 6,
Pariod f:g;u. Tes 0 N g‘ 915:5#

= AC (1) 2,7 T

| Repectea (aays) "os " "30(s)

(=) Proflight prodiotion

w Prodiction based on oaton! Dttmer hold

(o) hﬂ“”ﬁ*‘hb“hdhﬂhm

(&) Acredynumic prafitghe

-4 - m*'ldw

(0) Eothunted . =

5.3 ,
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Table 5-1 (Continued)
Average Regression Rate, 17 Passes ‘ 23.52 23.78
(deg/axrnit) 4 )
Re~-antry A
"Betro Ignition Iongitude (Geodetic) (deg) | 165.99 W | 169.67 W
Retro Ignition Iatitudd (Geodetic) (deg 51.9 K 50.05 X
Impact Longitude (Geodetic) (u’) 158.82 W | 162.35 W
Impact Iatitude (Geocdetic) (deg 23.98x 7.1 %
Re-antry Faas 17 1T
Telemstry Ship Location (at lsunch)
A0=-161 ' , 16.0° ¥
117.72° W | On Btation

5-4 .
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The D-timer brake command transmitted was for 24. 6 seconds. A computer
simulaticn using raw radar-tracking dats yielded a value of timer brake com~
mand of 23, 6 seconds with a 3¢ error of plus or minus 5.7 seconds. The
simulation value for Command 6 walocity correction was 14.5 seconds with
an error of plus or minus 15 seconds. The actusl command transmitted was
13.2 seconds, corresponding to an excess velocity of 68 £/sec. The yaw
reorientation program after engine burning was as required and the correct
orbital pitch program was bo.ﬁn at the proper time.

The Agena engine performance was nominal, Shutdown occurred by integra-
tor command after a velocity gain of 13,530 £t/sec, approximately 240 ft/sec
more than the predicted available. Calculations indicate that the propellant
utilisation was better than predicted and that the specific impulse was

281. 8 1b-sec/lb higher than the predicted (280.0 lb-sec/1b, ). '

Flow rates calculated from the turbine speed and the integrator indicats that
the residuals on board and Agena burnout weight were 30 pounds less than
predicted for oxidiser exhaustion. This reduction of satellite shutdown weight
muuodbynlncrmodat.htnupoudlhmanﬂ&bhhnpuhi
oxidiser, Since the engine was shut down by the intsgrator, and incipient
propellant exhaustion was not indicated, an additional 12 pounds of oxidizer
were probably available. This means that approximately 36 pounds of im-
pulse oxidiser were available above that predicted. The residusl weights as

~ datermined from the integrator data and from the trajectory simulation are

in close agreement with those determined from turbine speed.

Oxidiser and fusl-pump inlet pressures were correctly maintained and the
retro- and ullage~rocker performances were nominal as indicated by normal
separstion fram the Thor booster and by the control-systam offsets at the
time of ullage-rocket ignition. A summary of propuision performance is
showa in Table 5-4. Beacon-tracking performance was satisfactory until
normal loss of signal by both VTS and MTS. Commands 5 and 6 were prop-
erly transmitted and verified. . "

5-8
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Velocity Morement (£t/sec)
Bpecific Imgulse (1b~sec/id)
Total Impuise (105 1b-sec)
Thrast Duration (sec)
Engine Tuust (1b)

Cosbustion-hanber Pressure
(peia) -

Engine Total Flov Rete
(1b/sec)

Tarbine Hpeed (rpm)

mdmmwm
Shutdown (g)

Veight end Ylov Dats

Total Oxidiser Loaled (1b)
Total Fuel Loaded (1b)
Total Propellsnt Loaded (1b)
Oxidiser Flow Bate (1b/sec)
‘| 7uel Flow Rate (1b/sec)
Yotal Flov Rate (1b/sec)

Agsna Thrust-Attairment
Veight, 90% P, (1)

2k, 900
8.n

wr6e
1856
6628
51.20

15.96

7.26
s

13,535
28e.3
1.840

15.78

15 890{

ne.8
5.5

2h, 680}
’ 80”

k762
1868
6630
%0.59
15.70
%.29
a5

6630
ko, »
15.70
%.29
k15

13,540
2f1.3
1.8%
115.78
15, 850
aL.9

.38

8.k

k162
1868
6630
ho.66
15.72
56.38
8x5

(a) WM“M@WMMM

on oxidizer exhsustion.

(b) Based on telemetered

ment (for tharust).
(e)

(a)
is caloulated frow

£t/sec.

LOCKHEED AIRCRAFT CORFORATION

data. Performance oslculsted from tur—

Based on the accelerstion integrator.
Based on trejectory simulation of redar data. Velocity increment shown

propulsion
mw(mmm)mmmmm

specific impulse and thrust from the simulation. The
mm«mmu.mmmmwwuum

5-9
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Table 5-4 {Continued) o

- il

CATTON (a) o
Agena Veight et Bhutdown (b)Y | == - aoes(e) | 2096 | 18961685
IEngine-Propellant Mixbure 2.57 nom 2.5 2.586 | 2.586(2.5086
Batio
Bemaining Oxidiser Imgules --=- ) 2% |-eh |-3e
Veight
!(l;;:mmm-wm --- 15 9 9 |6
Oxidiser Total Residual (1b) --- ™ 55 55 |ur
Fuel Total Besidual (1b) --- % %0 50 |
Eyvton Dt
WWMM A0 min 65 to 71| 62 0 TO| ~ = =]~ =
m—pqmnm-m 3% max 55 to 37| 5540 5T| - - =]~ -
(peza) ' "
wmw --- 50 55 o0 % ===
m‘hmm(%) - - - ” ”b” - o min o
mm:’) 50 max ﬂ' 18.% - o wle - o
Thrust-Attaiomment Time (sec) 1.3 to 1.9] 1.0b 145 |~==|~ =~

(a) Wmuunammmmmm

on oxidiser exhsustion.

(b) Based on telamstered

ment (for thrust).
(e)
(a)

data. Ferforamsnce caloulated from tur—

manmmmmm.

propulsion
bine spesd (for flow rates) and the varrow-band chaaber-pressure measure-

similstion resulted in & net horimomtal veloeity increment of 13, 20k

£t/sec.
(o)

Based on actual propellant load and. satellite weight.
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In general, the telamatsring performance was satisfactory. The horison~
scanner temperature monitor was intermittent during engine firing, and the
hydraulic-motor battery indicated an open point. The hydraulic-pressure
monitor and its excitation-voltage monitor were measured. Both monitors
oxhibited the same pressure shifts and the data are suitabls only for telltale
use. Through error the plus 28-volt monitor was not wired to the telemeter
but, due to the flight schedule, it could not be corrected prior to launch.

TRAJECTORY

Discoyerer XIV launch trajectory, as presentedin Figures 5-2, 5-3, and 5-4,
was determined from the MTS VERLORT datsk The ascent dats were sub-
stantiated by trajectory coverages from the VERLORT at Vandenberg Track-
ing Station (VTS) and the FP8-16 skin-track radar and metric optics of the
Pacific Missils Rings (PMR). A summary of critical dats is included

as Table 5.1, '

At first-stage burnout, the velocity was approximately 304 ££/sec lower than
predicted, with a flight-path angle approximately 0. 7 degres higher than
sominal, The altitude and burning time were approximately nominal, At
the time of main-engins cutoff, the asimuth heading was about 0.4 degree
west of nominal, '

The combination of conditions at main-engine cutoff resulted in a flight which
closely paralleled the predicted altitude trajectory during the coast phase.
Thor apoges was 2, 04 nautical miles higher and velocity was 371 £t/sec
lower than the predicted coast apogee conditions. |

Agena engine ignition (90% thrust attainment) occurred 3, 86 seconds later
and the burning time was 3, 07 seconds longer than predicted,
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tmme—

Using & specific impulse of 281.3 seconds, the integrated longitudinal accel-
eration dus to axial thrust was caloulated to be 13,516 £/sec. Based upon *
the Reeves computer calculation, a horisontal velocity-to-be-gained of
13,505 £t/sec was commanded, ,

At Agena engine ignition, the altitude was about 1.8 mautical miles above
sominal, with the velocity sbout 350 ££/sec low. The Agena engins burning
time was approximately three secmds longer than noeninal. At shutdown, the
. altituds was near nominal, with the velocity about 94 ££/sec higher than
nominal.

—T——

ST mpmmeGEEeen e =

Amcumlorutmm The eccentricity was slightly greatsr than
anominal (. 009) due to.a small negative flight-path angle (minus . zzd.m-)
at injection. Thoporlodmucnuodbyl.lm-.

Agema owblttnchior Passes 0, 1, and 2, and 15, 16, and 17 are shown in
ﬂ.pro- 5.5 and 5-6, respectively.

ORBITAL PHASKE

Environmental and power measurements made during orbit were normal
(Tables 5-2 and 5-3). The JUH/APL beacon failed to operate. Since the
monitor of the hydraulic battery which powers this beacon in orbit was open,
the indication of proper battery operation was the fact that the opiical track-
ing lights, alao cperated from this battery, functioned properly. Examina-
tion of the associated circultry (Fig. 5-7), shows that a ground on the nega-
tive side of the battery could have caused this fallure, This circult will not
be used on future flights.

* Orbital guidance and control was not correct during Passes 1 and 2 but be-
came normal following Passes 1 and 2. Control-gas expenditure was normal

after Pass 2 following abnormally high use during Passes 1 and 2. The only
performance variance indicated subsequent to Pass 2 was the highef-than.

normal pitch-horison-scanner offgset (Fig. 5-8).

5-15
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Figure 5-5 Agena Orbital Tracks Following Launch
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Figure 5-6 Agenma Orbital Tracks Prior to Recovery
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All flight data wers reviswed in detail, and it was concluded that the fallure
ocourred in an pctive element of the pitch-torquer circult, specifically in
sither of the two inextial reference package (IRP) amplifiers (Fig. 5-9). Of
the two possibilitiss, the power amplifier was mest suspect since the pre-
--ﬂquhormrmluanhﬁﬁybwmrhnlndcmmhnpo-
duced the effects indicated. -

Tests wers conducted at the guidance lalioratory in an effort to duplicate the
apparent gain variance indicated in flight and shown in Figure 5-10. By
simulating & power-transistor failure in the final stage of the test amplifier,
its gain characteristics showed close correlation with that indicated. This
appears to be the reason for failure to pitch down properly. FNurther, this
mode-of=failure, if initially intermittent, would draw high curreats from the
power supply and explain the anomalies indicated by the Pass 1 data. There-
fore, conclusions are that the transistor failed during Pass 2, and the mode-~
to=failure was intermittent, starting sarly in Pass 1 and terminating during
Pass 2. :

During this period, the horiscntal-attitude reference was lost, dus probably
to the inability of the pitch-channel input to the pitch-gyro torquer to provide
adequate signals for maintaining the required orbital pitch rate. Consequently,
large attitude errors occurred after which the horison scamner lost its ability
to command the system intelligently. The scanner outputs under conditions
of extremely large attitude errors becomes somewhat random in nature and
<cause equally random satellite attitude errors. It is believed that the
random scanner outputs, together with the amplifier-fallure effacts to the .
powez supplies, eduphdvlﬁmrduuntldhmdqnmhmu
the high gas expenditure. After Pass 2, the IRP amplifier assumed the
state shown in Figure 5-10 and functioned marginally but adequately at the
low-orbital-rate inputs until contrel was resumed,

Although the mode-aof-faflure is clear, the exact canse of fallure is as yet
ondetermined. The prelaunch test data, Missile Assembly Building (MAB),

and pad systems test data indicate the amplifier performed properly during
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all test phases. Therefore, it appears that there were 2o design discrep-
ancies at the time of launch. Also, no performance anomalies were indicated
during the ascent phase of the actual flight, (During this period, the most
severe environmental conditions are encountered.) Ome other fiight anomaly
was attributed to a fallure of the same power amplifier: the acceleromster
malfunction on Discoverer VIII (Agenma 1050). The action taken as a result
of an analysis of the problem at that time was to make modifications to the
units in the form of improved insulation against electrical shorting. The
units in Discoverer XIV contained said modifications and further effort along
these lines would be superfiucus, Tests of the units are continuing, and the
history, with respect to failures, 11 being reviewsd. Until those investiga-
tions are complated, no effective recommendation can be mada.

@=Dapd Beacon

.S=band beacon tracking on orbit was ntiuhptory: however, command diffi-

culties were experienced during some passes and the transmitter exhibited
an unusual frequency change while in orbit. The problem of command diffi.
culties was not related to that of transmitter frequency shift, since the com~
mand problem could only be caused by ground station difficulties, satellite-
borns recsiver or decoder difficulties, or by interference from other radars.
Commands sent by sach station during each pass are listed in Table 5-5.
Command difficulties were experienced by KT8 during Pass 1, by VIS during
Pass 9 and by XTS and HTS during Pass 10. When both the ground station
and the satellite-borne equipment are functioning properly, two tons verifi-
cations are telemstsred back to sarth sach time that a command is received
and exscuted. In the cases of difficulties during Passes 1 and 10, only ons
of these verifications was telamsetered back; Tons A was not verified in thase
instances. :

After Pass 1, KT8 ground equipment was checked and the Command Tone A
modulation was found to be below nominal, This command tons was adjusted
to the nominal valus and KTS was able to command the satsllite during Pass 2.
VTS reported sending a command during Pass 9 witbhout receliving verification.
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Table 5-5 (Continued)
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During Pass 10, HTS sent eight commands and received verification of only
two. KIS sent one command during Pass 10 and, since it was not verified,
the modulation of all command tones was increased to above-nominal valuss.

KTS was then able to-successfully command the satellite during Pass 10 and
later pasees. ' '
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In each of the above cases of command difficulty, verification of Command
Tone A was not received by the ground statica, but other tones were properly
verified. These difficultiss cccurred because the decoder circuitry did not
Teceive sufficient snergy to operate the command relays. This condition can
occur whensver the modulation of command tones in the ground station is set
too low, when severs radar interference exists so as to jam the beacon re-
ceiver, whea beacon decoder circuitry is marginal in operation, or when any
other abnormality exists which prevents the receiver from receiving all pulses
transmitted from the ground station. The decoder can be provided with more
snergy by either increasing the command tone modulation or by increasing
the transmitter pulse recurreace frequency (PRF') at the ground station. In
this instance, apparently early in the flight the decoder circuitry operational
capability was marginal and further dsteriorated during later passes. '

Thkwdhbummuunnnyutulmmm
the nominal frequency just prior to launch. As the beacon cools while in
orbit, the transmitter normally drifts to 1 megacycle below nominal. How-
ever, in this case the drift was in the opposite direction. This transmitter
was supposedly near-nominal frequency at launch; but, later investigations
proved that it was ¢ megacycles above nominal, At the end of Pass 9, the
frequency had shifted to 8 megacycles above nominal, and it remained stable
at this value throughout later passes. The texnperature of this beacon '
dropped in the normal manner during the first fow passes and remained
stable at a value which is approximately normal for orbital operation.

The only factors, other than temperature, which affect the transmitter fre-
quency are the position of the tuning slug in the transmitter cavity resonator
and the voltage standing-wave raiio (VBWR) of the antenna circuit. Postflight
investigations have shown that only slight loosening of the coaxial comnector
betwesn ths transmitter cable and the antsnna will change the VEWR and also
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This fact suggests the possibility that this connector becams slightly loosened

. during launch, Future cccurzences of this type will be prevented by a rigld -
prelaunch inspection of the coaxial-cable connsctors. A new type of antenma
which utilises more suitable connectors is under development and will he used
whaen it is proven to be sufficiently reliable.

Ozrbital performance of the continuous-wave acquisition transmitter was
normal and it was successfully tracked by all stations.

- Qzhital Timex

The orbital timer properly braked the D-timer during launch and opersted
satisfactorily through Pass 25. Difficulties in changing the timer period
(Command 1) and resetting the timer (Command 3) involved the VERLORT
ground radar and the S-band satellite radar beacon. Both timer Commands 1
.and 3 utilived Tone A, the tone that was difficult to verify. Step commands
(Command 2) used Tones B and C, thus no problem was encountsred in cb-
taining proper verification.

Table 3-6 shows the timer period as indicated by stepping-switch position,
preflight calibration, and actmal period as determined from cbserved svents.
Timar drift was within specifications, with a total error of 13, 7 seconds be-
tween Passes 8 and 10 "Reset Monitor ON" points. The average error (be-
tween switch setting and cbaerved events) was approximately 7 sec/pass. _
The average srror between "Raset Monitor ON, Pass 15* and "Reset Monditor
ON, Pass 25" was greatly improved (1 sec/pass).

Since coramand difficulties were experienced during early passes, it was de-
cided to transmit the reset command for 30 seconds continuously during
Pass 15. The telemetry data show that the reset monitor responded approxi- -
mately cne-half second after the command was received; howsver, the reset
monitor voltage fuctuated for the duration of the 30-second period. This
was not a malfunction of timer circuitry but an indication that can be con~
sidered normal dus to the long period of the command, Ons relay in the cir.
cuitry is normally enargised only momantarily when comunand duration iy for
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Table 5-6
ORBITAL-TIMER ACCURACY
o | B

INTERVAL Obeerrved Switeh

Preflight Aod Cbserved Bvants
_Bventa | Oalitwstion | Tositian (Wm‘ut)

o /%%/%////////

M&uﬂw'ﬂ"
Paas 13, to
Neget Mouibor "ON%,
ass 25

\

¢

¢/ 2 M v

1 second. This relay enexgises several others, and the high currents re-
quired cause a drop in woltage at the reset monitor polnt. Since the first
relay is connacted so as to interrupt the current to its own coil after it be~-
comss energined, it will keep cycling when a steady-state voltage is applied.
This causes cycling of other relays and, consequently, a fluctuation of volt-
age at the reset monitor point. This fluctuation may be expected whensver
the reset comimand is tranamitted for long periods. The reset monitor re-
mained stable at the reset position as soon as transmission of the command
ended,

Beckman monitor readout equipment readings were still erratic during this
flight and were unreliable from accuracy and dependability standpoints. It

is felt that insufficient amplitude of the subcarrier signal is partially respon-
sible for the poor quality of period readout. Action should be taken to assure
proper pre-emphasis of this channel during prelaunch satellite checkout.
Orbital-timer events are tabulated in Table 5-7.
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, SECTION 6
TELEMETRY AND INSTRUMENTATION

SATELLITE TELEMETRY

No major problem areas were encountered with the satellite FM/FIM data
link and the primary telsmetry objectives were achieved through launch and
orbit. Signal strength appeared normal and the telametry data received were
of excellent quality. However, discrepancies were noted on the !oncwln.
individual data pointss

b,

4.

Horison-scanner temperatare (D82) was intermittent during
mlﬁnmd:hhﬂ?pm‘?om.ﬂlmummw
seemsd normal. :

Separation monitor (A93) exhibited switch vibration at Mftoff,
At separation, the trace went beyond the synchronisstion level,
but the step voltage was clearly discernible.

The 28v regulator monitor (C2) was not wired to the telemeter.
Tﬂmmmumwﬁ.m-mmw
s _

Hydraulic-battery motor-voltage monitor circuit (C21) to the
telemeter opub?atnmm 106 seconds. I was appar~
ontly intermittent, since contact was remads to Pass 18
and 2 near-nominal reading was indicated. appearance of
the commutated record suggests an circuit between the
subcarrier input and the monitor itself,

Hydraulic pressure (D1) and excitation- monitor (T1-2)
for the D1 transducer appesar to have besn red. Both
measurements exhibited the same pressure shifts and showed
variance with predicted changes when correlated with the cali-
brations. The accurscy requirement for this measurement is
only plus or minus 10 percent, but the data from this flight are
suitable anly for telltales. :

M—mkwﬂ!llﬂ)mnpoﬂodumﬁf

real=-time operational use. Investigation of the exphasis
settings mmmuudﬁum;umm
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AWM thres channsls, of telemetsred instrumentation was in-
stalled in the Agena 1056 recovery capsuls to determina:
a. Operation of retro and recovery systems (bru.'kwh-cud
microswitch-type talitales)
b. Retro accelerations and velocity (ons axial accelerometsr)
c. Thrust cons and 2A8 thermal battery operation (voltage monitors).

‘Dats were not chtained from these thres channels dus to failure of the telem-
ster to radiate. Information from sources other than telemetsred data and
capsule recovery indicate the upcuh retr0 and recovery systems and pro-

grammars opersted nominally,

o S G BEmay W B ¢ WunRe o

CAPSULE TELEMETRY

Data were not cbtained from the capsule telemetry dats link. Postflight tests
on the recovered tslemetry system indicated that the squid in the telemetsr
battery shorted, activating the battery but causing a voltage drop that allowed
less than a minimum pickup voltage to reach the relay, The relay did not
close to allow voltage from the telemster battery to reach the transmitter,

The wire carrying the telemeter-activating signal from the Agens to the
capsule was 22 gage, and a short would drop the voltage well below the mini-
mum pickup voltage at the relay, since the squib and relay were in parallel,
This circuit will be changed in future Agenas by placing a fusible resistor in

 series with the telamaeter battery squib to protect the wiring and allow the
relay sufficient activation voltage.

Signal-Strength Sentles

A special study was conducted to determine the extent of telemetry coverags
which might have been obtained had the capsuls tslemetry unit operated.
This study considered capsuls trajectory, mobile tracking station deployment,
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and nominal signal streagth from a 1, 2-watt transmitter. Figure 6-1 depicts
Agena 1055, 1056, and 1057 recovesy talemetyy coverage. .The depicted
chart was used in the study, results of which were: » o

EI§i Axny recuption at this station is mddnodinprobtbh due to excessive
range and low receiving-antenna angle. '

Nozthern WV-2: About 50 saconds of data (81775 fo 81825 seconds system
time) should have been obtained, and these data would have included the sep-
aration sequence. However, the electric storm reported in this ares might
have caused sufficient interference to precludes satisfactory coverage.

Haitl Victory: Approximately 75 seconds of data (82150 to 82225 seconds
system time) would bave been obtained. These data might have covered the
RY¥-blackout period but probably not the parachute-recovery phase.

Bouthezrn WV-2: About 50 seconds (82200 to 82250 seconds system time) of
dats would have been obtsined. This coverage would partially duplicats that
of the USS Haitl Victory but probably would not have included either the black-
out area or the parachute~recovery phase

USS Dalton Victory: A few seconds of data might have been obtained during
parachute deployment and descexnt, ’

Hawail; Approximately 300 seconds of dats (82200 to 82500 seconds system
timse) should have been acquired. These data probably would have included
blackout and recovery arsas, duplicating the data of both ships and the
southern WV.2, ‘

Fallure to cbtain capsule telemetry dats was atiributed to malfunction of the
circuitry which applies powsr to the transmitter. In spite of the complete
absence of talemsetiry signals, the time that the svents of the retro phase

occurred was accurately determined from KTS data. This was possible be-
cause the small explosions resulting from the firing of squibs caused

ionised gas to surround the VHIF-beacon antenna, producing severe drops in
the beacon signal strength. Further, the retrorockst firing caused ionised
' gases to surround the Agema telemetry antenna resulting in a severe drop in

. P . P « - 2y eg® Bfem wqe =T ~ . o ee me . ==
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Figure 6-1 Agens 1055, 1056 and 1057 Recovery Telematry cmujc

. Agena-tslemetry signal strength. A cémparison of these drops in signal
strength with the system time yislded the correct times for the occurrence
of the retro-phase svents.

Thomlyonuwuchccuumhwucuudymmuﬂaﬂudm
separation dgul Gases resulting from the slectrical-disconnect squib
firing were not yet dissipated at the time the separation signal occurred;
therefore, the drops in beacon signsl strength overlapped in time.  The time
at which the gases resulting from separation were dissipated was accurately
observed and an approximate time for separation can be determined. Rota-
tion of the capsule during the retro phase caused variations in the signal
strength, since the beacon antenna position with respect to the ground sta-
tion receiver was constantly changing. These variations made possible the
calculation of the spin rate. Because the beacon signal faded shortly after
the retro events were completed, insufficient data sxist for calculation of the
residual spin rate, The data from HTS are inadeguate for calculation of re-
eidual spin rates, as Hawail did not acquire the signal until more than 300
seconds after the retro phase was completed.

-
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A reproduction of the KTS VHF-beacon and Agena~-telemetry signal streagth
records is shown in Figure 7-3, The dxrops in signal strength which were
used for timing of the retro-phase events are indicated in this figure.
Event 1 is the electrical disconnect and Event 2 yields the time at which sep-
aration was completed. Events 3, 4, 5, and 6 represent spinup, retro-
rocket ignition, despin and thrust-cons separation, respectively. Ths spin
rate during the burning of the retrorocket is clearly visible in the signal
variations. All retro svents occurred in proper time relationships and
actual versus nominal times for these events are included in Table 7-1.
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SECTION 7
CAPSULE PERFORMANCE

ThnDlncmrumrmwumwoiMl 17 and was
preceded by the following orbital conditions: '

Altitede - 791, 429 font

Geodetic Latitude 50.05 degrees north
Earth Longitude 169. 64 degrees wast
Inertial Velocity 28, 953 &/sec

Local Asimmth Angle 163, 799 degrees

Local Flight-Path Angle  -1. 415 degrees.
With these conditions and with nominal theoretical retro conditions of
VR = 1166 £/sec and a pitchdown angle of minus 60 degrees from the
local horisontal plane, the Distoverer XIV capsule parachute deployment
should have occurred at 23. 68 degrees north latitude and 162. 32 degrees
west longitude, _

However, mwapm-pmcdmom.mm“- 17.1
degress north latituds and 162, 35 degrees west longituds or 395-nautical
nﬂgndwuu.odhprmmamw

CAPSULE ATTITUDE

The pitchdown rate as determined from Agens telemetry was considerably
less than the required 45 deg/min, resulting in a significant error in pitch
attitude at capsule ejection. Computations besed on the actusl data indicate
a probable pitch attitude of minus 13. S degrees with respect to the local
muﬁnndihoapuhmaﬂm(m 7T-1). Pitchdown was

' determined in the following manner:

wocomm ascw cowounon -SECRET MBS SPACE OVIBON




Figure 7-1 Pitchdown Performance
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' Initia) Pitch-Gyro Offset from Hozincn

(as indicated by horison-scamner and

and gyro position) -3. 4
Pitch-Torque Program (+3. 55 deg/min

= 17. 8 sec) +1.0
Pitch-Torque Program (-4. 0 deg/min

= 77 sec) «5.1
mn?hwm-n(-touu@ %3
smnﬁcnbr. o o +0, 5

mmmumm ‘ s
at Capsule Ejection -13.

Pondﬂouﬂuﬁndtho;bvnﬁhcoﬂdﬂddﬂulhnhusdupul
,umnumwandmmmmem

The pitch-torque program of 7 minus 4.0 deg/min was determined by
investigating the pitch gyro, pitch-rasts gyro and pitcheprogrammer

dats. These data were further substantiated by the data of the sun-position
indicator which indicated a minns 17-degree pitchdown. The tolerance of
the sun-position indicator angle is plus or minus 3 degrees.

Figare 7=2 Mshdnﬁdh:mw“ﬂouupmo-w
1atituds under nominal retro conditions. From this curve, it can be seen

that ths retro-firing angle for the reported position of the capsule recovery
was mimns 15 degress. This lies between ths retro angular limits indicated

by the sun-position indicator and guidance-contxol data.
RETRO PHASE

wmummumnﬁm hence proper analysis of
retro performance can only be accomplished by a study of VHF-beacon
signal strength (Fig. 7-3, page 7<6), coupled with the knowledge that all events

7-3
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mmust bave occurred properly for recovery to have been accomplished. This
- stady revealed the preciss times-for all countdown events. These axe

Table 7=l A
RETRO EVENTS DETERMINED BY VHF-BEACON SIGNAL STRENGTH(®)
Predicted Observed fysten
Tine © Pimg Pime
Brant (8e0) _(8s0) (8e0)
Bescco-8ignal Aoquisitica ———e — B1ThG
Xlsctrical Discomnect 0 Ref, (4] 81809.55
Separation (capsule-Agens) | &~ - ———e 81812.%0
Bpdamp pR:AL 345 a1812.90
Retro Ignition 1.25t.1 1.2 8181k.10
Despin . 10.75%.58 10.95 818e5.05
Terust Cone off 1.5%.15 1.53 81806.58
Avtual Jominal.

Spin Rete: 64.7 rm
Despin Rgte was not obtainsble

(.)Wmm. Figive T-k shows the Agens and cspsyle trajectories
during the re-sntry phase for the mims 15-dagree retro-angle cease.

SUBNOMINAL SPIN-UP

As in the retro phase of the Agena 1057 flight test (see LMSD-446240-57),
the capsule spin rate was subnominal for Agena 1056. In the latter case,
the prescribed spin of 78 rpxn was somewhatbigher than in the former
(55 rpm), but the cbaerved rotation was subnominal by roughly the same
percentage in both cases. According to the signal-strength traces of the
capsule-borne VHF beacon, the Agena 1056 capsule rotated at 64. 7 rpm
before despin.

7-8
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Figure 7-3 KTS VHF-Beacch and Agena-Telematry Signal-Btrength Records
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Under nominal temperature and inertia conditions, the percentage by which
the spinup is subnominal wonld reflect the density of an actuating medium
of nearly pure molecular nitrogen rather than the prescribed mixture of

90 and 10 percent of nitrogen and Freon, respectively.

It has been past practice well before launch to introduce the two gases

into a diffusion bottle, and-subsequently to withdraw what was presumed

to be the proper mixture for introduction into the capsule-borns reservoir,

For the flight test of Agena 1057, the time for premixing was about three

hours, and since the diffusion time proved insufficient in that case, the

premixing period was increased to some 70 hours for the Agena 1056 flight
. test. However, little or no improvement resulted.

With the wide difference betwean the two specific densities (0. 07807 for
molecular nitrogen snd 0. 33 1/3 for CC1,¥,, a typical Frecn), the '
gravitational force of separation manifestly predominated over the dif-
fusion force, which, in the abssnce of contizned mechanical agitation, must
have relied upon the Brownian sffects arising from ambient thermal condi-
tions.

Henceforth, the two gases will be individually introduced directly into the
capsuls reservoir, The agitation effects of the ascent dynamics would
promote some degres of mixture, which should persist fairly well under
the low-gravity conditions encountered on orbit. There would bs separative
influence from the cenirifugal effects of spinup itself, but since the spin
phase endures for only about a dosen revolutions, andtlunatrdlﬂ.vdy
low rates (about one cps), the influence should be trivial.

79
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SECTION 8
RECOVERY OPERATIONS

The Discoversr XIV recovery operation was successfully completed by

serial recovery of the capsule at 2309 GMT, 19 August 1969. Rscovery was
sccomplished by C-119 Number 9 at 17 degrees, 6 minutes north latitude; .
162 degrees, 21 minutes west longitude. This was the first asrial recovery
of a capsule ejected from an orbiting satellits and the second capsule recovery
during the Discoverer series, both recoveries having been accomplished in

a period of eight days. The operation proceeded in a generally satisfactory
manner as evidenced by the successful recovery. |

PRERECOVERY OPERATIONS

All prerecovery briafings were accomplished in an orderly manner. Both
Victory ships were on station at thair normal times and all units participated
in the operation with the exception of RC-121 Number 3 which was forced to
abort its mission when one engine went out. Changes in impact area were of
sufficiently amall magnitude to allow all units to correct accordingly prior to

estimated tims of parachute dsployment (ETPD),
CAPSULE TRACKING OPERATIONS

The flight objective of tracking the re~entsring capsule was attained by the
combined tracking of the Agena satsllite prior to separation, tracking of the
capsuld VHF-bsacon transmitter during the re-entry phase, and by radar
tracking of the chaff cloud. The capsule telemetry transmitter &id not func-
tion during the recovery operstion, and there was no S-band beacon on the
capsule., Tracking of the capsule VHF beacon was nry successful and radar
tracking of the chaff cloud was of assistance in the final phase of the recovery
operation.

8-1
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Mu'l‘nckln‘m

No acguisitions were reported by Christmas Island or Barking Sands. The
Hawalian Tracking Station (HTS) acquired the capsuls VHF beacon at 2249:13
GMT and was able to track until 2280130 GMT (Fig. 8-1), but the distance
was too great to allow complets tracking and data recording. South Point
reported capsule VEIF-~-beacon acquisition at 2305:03 GMT for a period of

55 seconds. Both Victory ships were able to acquire and track the capsule
by means of the VEF-beacon transmissions.

Tracking of the VHF Beacon. The Kodiak Tracking Station (KTS) was tracking
the Agena by both radar and satellite telemstry signals at the time the cap-
sule VHF beacon began transmitting. The beacon cams up to full power, and
KTS received a strong signal at 81746 seconds system time. This was ap-
proximately 64 seconds prior to capsuls separation, and KT'S received strong
signals for a total of approximately 8¢ seconds, successfully tracking the
beacon through all retro-phase svents.

The capsuls VHF-beacon signals were received by 12 aircraft of the recovery
force, by the USS Haitl Victory, the USS Dalton Victory, HIS, and the South
Point tracking station. Barking Sands and Christmas Island stations reported
no contacts. The first unit of the recovery force which reported reception
of ths beacon signal was the USS Haitl Victory at 82010 seconds systam time.
The longest contact was reportsd by the UBS Dalton Victory which tracked the
beacon for a total of approximately 30 minutes.

The VHF-beacon frequency was sufficiently stable for tracking purposes.
KTS reported that the frequency was 0.1 megacycls low at the time of fade.

The recovery force roporud' various changes or drifts in frequency which
ranged from 2 megacycles below nominal to 3 magacycles above nominal,
The USS Dalton Victory, having the longest period of reception, reported
varistions of 0.2 to 0.5 mmcha below nominal.

8-2
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Alrborns Telemetry Stations

Only the JC-54 Number 1 aircraft was able to track the capsule on the VHF-
" bescon frequency. The duration of VEF-beacon track was four minutes
(2249 to 2253 GMT) at 237, 8~-mc frequency. No bearing information was
obtained by JC-54 Number 1, because the aircraft does not have direction-
finding (DT') capability. JC-54 Number 4 acquired a signal at 228. 2 mo, the
capsule telemetry frequency. However, both the aircraft's location with re-
spect to the point of recovery and the time of acquisition (2315 to 2338 GMT)
indicate that the signals were erronsous.

The WV-2 aircraft, serving in the capacity of prerecovery frequency- »
interference control and tracking/recording of capsuls acquisition during
recovery, successfully tracked the VHF beacon during recovery. Acquisition
was reported from 2248 to 2252 GMT and then from 2254 to 2308 GMT on a
bearing of 171 degrees trus (Fig. 8=2). No telemetry was cbserved. Prior
to ETFD, four extransous signal frequancies wers noted; none were con-
sidered to have negative effects on the recovery with the exception of a signal
at 234.9 mc. This signal was évident from 2035 to 2237 GMT. The signal
would appear for a short period of time, disappear for a period of 10 to 15
minutes, and then reappear again. The signal was never present long snough
to enable the WV-2 to obtain a directional bearing. The signal could have
had a considerable effact on the operation if it had continued beyond ETFD.

The C-119 Number 9 aircraft obtained a Class A Capsuls VHF-beacon signal
approximately 10 minutes before visually sighting the parachute and capsuls.
Noted that this same aircraft reported a saturated signal on the Discoverer
XIII opersation and was the recovery aircraft on the Discoverer XIV operation.
However, whan it passed directly beneath the descending Discoversr xIv
capsuls prior to its first recovery pass, it experienced no saturation on its
equipment. Accurate besrings wers obtained by most of the stations re-
celving the signal; however, several of the northern aircraft received sigoals
for only short psriods and could not obtain accurate bearings. :
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Figure 8-2 Capsule~-Beacon Coverage on Recovery Pass
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Radar Tracking of The Chaff Cloud. The operation was accomplished with
three RC-121 aircraft after Number 3 aborted due to loss of Number 4
engine. Two aircraft registered possible chaff contacts. RC-121 Number 4
aircraft contacted the chaff on both radar sets. At 2235 GMT, the APS-20
radar, operating in the S-band, identified the chaff cloud at a range of ap-
proximately 127 nautical miles. At 2305 GMT, the APS-45 radar, operating
in the X-band, had chaff indication at the 27, 000-foot altitude and approxi-
mately 90 nautical miles. At 2308 GMT, the AP5-45 very weakly indicated
a possible parachuts target at the 7400-foot altitude (recovery occurred at
8500 feet). Radar contact with the cha#f cloud was maintained for appraoxi-
mately '15 minutes, at which time the success of the recovery operation was
assured. Ths radar operators were unable to positively identify the chaff
cloud snd parachute as two distinct targets. Since the radar acquisition
coincided with the C-119 DF bearing already being pursued, no additional
vector was given, The C-119 Number 9 aircraft reported positive visual
sighting of the descending parachuts and capsule approximastely 13 minutes
before the air recovery was accomplished,

The RC-121 Number 2 aircraft reported a radar contact at a range of ap~
proximately 45 nautical miles prior to the radar contacts which were mads by
ths RC-121 Number 4 aircraft. As the bearing to this radar target was in
approximate agresment with the reported bearings on the VHF beacon, a
possibility existed that this RC-121 had contacted the chaff cloud or parachute.
Later reports from the RC-12]1 Number 4 and CG-119 Number 9 sircrafts
proved the RC-121 Number 2 contact to be some other object and the identity -
of this target was not established.

The beacon lights were not specifically necessary on this operation and re-
covering aircraft reported that the lights were not visible during the recovery
passes although they were operable.

8-6
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RECOVERY FORCE OPERATIONS

Surface Recovery Units

Although not called upon to recover, the surface units wexre ready for re-

covery if necessary. Aan air pickup of data from the USS Dalton Vigtory was
made by a C-119 from Hickam AFB on 20 August, the day following recovery.

Alrborne Recovery Units

All nine C-119 sircraft and the one C-130 aircraft acquired the VEF-beacon
_transmissions during the recovery operation. All aircraft were at or near
station location at ETPD. C-119 Number 9, the recovering aircraft, ob-
tained reliable DF bearings from 2253:05 GMT through recovery at 2309 GMT.
C-119 bearing data compared to the recovery paint shows that bearing data
were ressonably accurate, based on the fact that, as the aircraft approached
the capsuls, bearings could bs refined and thus pinpoint the capsule location.
Posaible capsule passage through the ionisation layer is shown by an average
loss of signals at 2251 GMT and than the reacquisition of signals at an aver-
age of 2255 GMT (Fig. 8-1). The high-speed passage of the capsule over the
northern aircraft would then be apparent by their inability to cbtain reliable
bearings and rather short time of acquisition prior to "blackout".

¢ e M e e o0 o o

Control of the force was considered good. Changes to impact location were
handled adsquatsly, and all essential equipment on the thres alrcraft was
operstional at ATPD. Reliability of the aerial method of recovery and the
Tecovery gear was proven by the successful recovery of the capsule and by
the lack of damage to the capsule during asrial recovery.

CONTROL, COMMUNICATIONS, AND WEATHER

Hawalian Control Center ﬂ) Qg._ﬁﬂon

Control of ths opsration by the Hawalian Control Center (HCC) was accept-
able. The centsr is crowded by persommel and equipment, but this condition
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can be expected to diminish by elimination of some operations considered
essential only for the first successful recavery operations. With the in-
crmdmdrwoéqdm ﬂ\.ncchuhmhnﬂuppdbyhck
dnﬂnmm-mmﬁﬂhrﬂﬁmm

With the large recovery force, the HCC has become handicapped by a lmited
number of persounnsl available M'Mﬁdhd.brhlh returning recovery
units. The majority of the units return to the base at the same time, making
it difficult to accomplish the task smoothly, In addition, numercus other
tasks of reporting and analysis are being accomplished simultanscusly, mak-
ing the overall workicad for the period following recovery difficult to accom~
plish under the conditions.

Communications

. Comnmmications for this mission were gensrally good. The conversion to
‘one frequency was satisfactory with no indication of an overloaded channel,
Thdnﬂp-lwcmumgaudmomblymnhrhﬂmﬂm
since its installation and was useful as an HCC to RC-12]1 net. Some diffi.
culty was apparent, because somse information from the C-119 aircraft did
not appesr on the HCC acquisition-information board. . This condition was .
apparently a reception problem within the HCC. A continuing inwestigation
of the entire recovery-operation communication system is being performed.

Weather

Weather for the operation proved, in nearly'all cases, to be as predicted just
prior to the operation. The weathsr in the recovery ares was as follows:
cumulus clouds 3/8 from 3000 to 6000 feet (occasionally 8000 feet) and cirrus
clouds 2/8 with tops at 30, 000 feet. The southern area also had alto-stratus
at 10, 000 to 12, 000 fest. Visibility was 15 nautical miles to unlimited. The
ballistic drift from 40, 000 feet to sea level was 20 knots at 60 degrees. One
aircraft, JC-54 Number 1, reported that weather affacted his equipment to
the extent that he was forced to change his position 50 nautical miles
northward. ‘
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CAPSULE CONDITION

When transferred into the recovery aircraft, the capsule condition was good
with no exterior damage apparent dus to recovery procedures. The capsule
was still warm when pulled aboard the aircraft and had a burnsd small, In-
sulation on the cannon~plug wiring was reported to be burned off, The cap-
suls was soot covered and ths lights were slightly melted, indicating high
temperatures during the re-entry phasse. The wires on top, the antennas,
and the strobe lights were disconnected after recovery. The gold-plated
portion of the capsuls was polished and undamaged. The parachute was
stabls, undamaged, and descending normally prior to recovery. The re~-
covery operation shredded and alightly burned the parachute. '

OPERATIONS SUMMARY

As shown, soms problems still exist in the operation, although none of them
were of a nature to preclude successful recovery. The synchronized opera~
tion of all personnsl was again satisfactory before, during, and after

the operation. woﬂlucbdumdobchnpormom’cobhnuh-
prior to future recovery operations. '

8«9




SECTION 9




SECRET LMBD-446240-56

SECTION 9
GROUND SYSTEMS

Ground system eclements satisfactorily accomplished prelaunch-, launch~,
ascent-, orbit-, and recovery-operation functions. Tracking and telemetry
data obtained by the tracking stations during the operation were of good
quality for online svaluation, orbital computations, and postflight analysis.

SATELLITE TEST CENTER (STC)

System operations were satisfactorily conducted by the Satellits Test Center
(8TC). Direction of launch, orbit, and recovery opsrations by ths system
test director was efficient.

Although intermittent outages of the communications nstwork were experi-
" enced during the operation (Tabls 9-1), the network was expeditiously
restored to operation, and no sexions loss of time or information resulted.

PALO ALTO COMPUTER CENTER (PACC)

The Palo Alto Computer Center (PACC) functioned successfully during all
phases of the operation. Nominal acquisition messages were sent to track-
ing stations for system~run checks, and at T - 48 hours, thnﬂtlﬁimpct
prediction was sent., From T - 6 to T - 3 hours, system readinsss runs

weze made and all systems were evaluated as ready. Difficulties were experi-
enced in sending KT8 data tapes (probably dus to line disturbances) but were
cleared up before launch time. |

Launch data were received quickly from the Vandenberg Tracking Station
(VTIS) and the Polnt Mugu Tracking Station (MT8) and were put immediately
dito the computer. MTS radar data were used for first-pass predictions
based on 29 data points. MTS obtained very accurate dats with a '
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Table 9-1

COMMUNICATIONS PROBLEMS

-
i

8-17

ELEEEE

Eé%iﬁg ﬁ%ﬁg -

8-18

£ £ EEE

8-18

' VIB Doppler sguipmmt incperative for estimated two.

mmwm-'dnﬂ-hm
for estimmted four hours

VIS Doppiler egiipmmt incparetive

W= airoreft at &S single-sidcdend eguiyment inoper-
ative for the opmretion; AN and CW to e mbstituted

Now Boston 60-wpm teletype ¥o. 10396 ploking wp
chaxesters

VIB redar bad Jitter in seope visml displey for esti-
axteld one hour

W= airereft st KB MMMMM
in flight

VOO-81C 10750 date~link voice line had steady sudio
ring in data position. The ringing stopped whan voice
pummmmmuummm
and 100-wpm chaghoud repested

S 100-wms baletyps inopmretive (ruming open)
VS reporrted STC's hotline level was low

Mmmumn&mmmmmn
either direction -

M8 had malfunctioning transmitter distributor, Delisved
to0 be on the 100 wgm

mmmmmmm-cﬁ'
ative, but 15 Resves computer data words were dropped
near the taps lesder

VOC impressed o sgueal on the hotline &us to the tape-
recorder seusitivity set too high. mmm
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am | yom (ror)
8-18 | 1105 91C resd ¥ low dut toluruble;
Vi8S read ¥ loud and alear's
VIS read SIC “low but resdabls”;
. M8 resd 570 "low & in a berrel”;
. Seleghone Company {TMLCO) notified
8-18 | 112%5-1200 TELCO had intaxmittent 1000-cyels tone on GEGSHA
VOO-8TC hotlins. to check liftoff tone
under these conditions, TEIOO notifiedl, Teplied
it was up st Sn Jose"., VOO-HIC hotlins lost dus
to the 1000~cycls tone. VOC sext THX to 810 request.
\ ing TRICO to stay off the line
8-18 | 1800 VOO=-87C hotling tolereble both directions, with party
nmmmmmmmuﬁ.
| slight bexrel sopnd
8-18 | 1233 mmmwmwn
8-18 | 129 Station interference cn singls sidsband between VOO
and dowmrengs telmmetry siip; dalieved ocaused Dy Wv-£
st IS, Trouvbls ceased after seoond admonition from
Yee
8-18 | 8030-0000 | Hickem, Beweii, to B2C 10%15- 6O-wpm telstype out
8-19 | ons5-0m5 mm,m,muso-mmm.m
8-19 | okho-0600 K18 10321 60-wpm teletype garbled
6-19 | Duxring BOA unadble to omtact test directory by designated
Recovery phone linse 4o revise impast prediction
8-22 | 1320-132% Hicksm, Bawail, 10315-A 60-wpa teletype xumning open.

root-mean-square (rms) devistion of 0. 72 mile. Based tpon launch data, a
period of 93.8 minutes was predicted, then revised to 94.5 minutes on the
basis of Pass 1 data. This exror in orut'porlod has been attributed to a
refraction effect caused by a tamperature inversion. This effect caused the
radar to give higher slevation angles and longer ranges as the actual eleva-
tion angle decreased below 15 degrees. A study is now being conducted on
the magnitude-of-error that temperature inversions will introduce.

Predictions and acquisition messages were sent to the tracking stations from

LOCKHEED AIRCRAFT CORPORATION

~ 50 to 60 minutes prior to station acquisition. Figure 9-1 shows the error in
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the predicted time-of-crossing of sach station’s latitude. The exror in
Passes 8 and 15 was probable dus to the accumulated error in the passes
that wers not tracked, )

The time of D-timer start and reset monitor ON was cbtained over the hot-
line from KTS. The D-timer start was seven seconds later than predicted.
TMlawmm&mmswndmmmmed‘_
lockon,

Impact predictions were given following Passes 2, 8, 9, 10, 15, and 16. The
prediction after Pass 10 was based on the condition of no subsequent timer
reset. The fina] prediction was made after Pass 16, using all available in~
formation.

The predicted impact polut was about 7 degrees north of the actual point. The
error in the predicted point is believed to have been primarily caused by
incorrect satellite attitude at the time of capsule ejection.

SYSTEM OPERATION ANALYSIS (SOA)

The System Operation Analysis (SOA) Section areas in the STC ard at the .
PACC were manned at T - 1 hours. At this time, the operstional areas
were readied for launch activitiss. Communications with the PACC, the
Operation Support area, and the test directors were chacked for readiness.

Times of events, Comunand 5 and 6, and tracking cata were displayed during
launch and compared with nominal values., All data indicated a neazly
nominal ascent and successful orbital injection.

Using predicted Pass 1 data, the first-pass time command nomogram was
prepared for the test director. Required tifner correction was determined
to be increase and Step 2, and reset command at reset latitude, With the
satellite apparently deaf to Tone A on Pass 1, a timer command sequence to
be sext on Pass 2 was prepared o properly adjust the timer for Passes 9
and 10. This sequence required decreasing the orbital timer period to the
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lmotutﬂag. stvhlchﬂmﬂnﬁnuuqdutothbppodﬂon. and then

dmbmmhpmppmnaﬂmr switch position of 32 (5717 seconds).

. This would have correctly positioned the "Plates ON" timse during Passes 9
and 10, and also left 2 steps (decrease) for further refinsment as required.
This plan would have besn used on Pass 2, En‘smmbunnccouhIh
loﬂucm lands

Passes 1 and 2 and the nighttime passes were monitored. Updated oxbital
parameters and impact predictions were issued to the STC Program Informa-
tion Center and the Operations Support areas, as well as acquisition messages
to the tracking stations.

Because of thse Tons A command problem, it was recommended by BOA that
the timar be reset on Pass 15 so that further adjustment on Pass 16 would
not be required. ' This procedure was followed, with an alternate method in
case of a problem. Ths reset comumand was issusd, held, and verified by
KTS sa directed. New impact predictions were issusd based on the latest
ephemeris information.

Recovery Pass 17 was monitored in the STC, PACC, and st the HCC, BShip
sightings of the VHF beacon were reported and plotted. Almost immediately
following, a number of bearings from the C-119 aircraft were reported. The
USS Dalton Victory s then becams approximately stationary at

015 degrees trus asimuth, C-119's 5, 7, and 9 gave intersecting bearings
and a 55-second contact from South Point on a bearing at 250 deyrees true
asimuth intersected with both the C-119 and the USS Dalton Victory bearings.

Based on the ship and C-119 bearings being reported, SOA personnel
attempted to inform the test director of the approximats location so HTS and
Barking Sands might train their antennas. Because of telephone line diffi-
culties, this vital information had to be handcarried to the Operation Support
area. The asimuth from HTS was further refined to 215 degrees, but a
connection to the director was again impossible. Apparently the designated
telephone was off the hook or busy. It was believed that if{ HTS TLM-18
repositioning data had reached Hawail, a bearing fix would have been attained.

9-6
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An impact point of 16 degrees, 52 minutes north latitude and 161 degrees,

52 minutes west longitude was gensrated but never issued dus to the announce-
ment of air recovery by C-119 Number 7. The announcement made the SOA
prediction appear completaly in error until it was announced that C-119
Number 9 instead of Number 7 had actually recovered. The final recovery .
location was reported to be 17 degrees, 6 minutes north, approximately 30
nasutical miles from the SOA triangulation impsct point.

HUMAN FACTORS

Communications and control performance vers generally good. Stations were
requested to compile sufficient information and formulate procedures prior
to the cperation. As a result, reporting and communications were axcellent,

The inability of KTS to transmit and verify Command 1 was corrsctly diag-
nosed before Puss 2. KT8 had initlally adjusted the command-tone devia-

 tions to specifications, but after the first pass, a recheck disclosed an out~
_of-specification condition. Remedisl procedures were established and twice
sent to KT8 before ETA minus 5 minutes, Pass 2. HTS also experienced
Tone A difficulties on Pass 10, and thus was directsd to increase deviation
of the command tons by 0, 5 microsecond, which allowed the station to send two
verified Command 1's, KT8 was directed to transwit the vital Pass 15 reset
command. To assure verification, the station was instructed to begin send- .
ing reset 30 seconds before nominal reset time.

When the tslemetsred control-gas pressure was first obsexrved to be low, 8TC
requested real-time readout by all tracking stations of control-gas pressure.
Tha stations made prompt reports of this item as the readouts became avail-
able, '

TRACKING STATIONS

Tracking mﬂ@ periormance was satisfactory. VERLORT radar tncld.ng. |
was successfully accomplished on programmed passes, and telemsetry
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Figure 9-3.

Orbital VERLORT tracking was satisfactorily accomplished, but difficulty
was experienced in getting Commands 1 and 3 to the satellits. These com-
mands contain the Tone A modulation. Of 35 total commands sent between
Passes 1 and 17, only 18 ware verified by the satellite. (Table 5-6.) Since
several stations experienced command difficulties, radar-beacon malfunction
is considered a contributing factor. Telsmetry reception by the tracking
stations during orbit was satisfactory except during the recovery pass, when
no contact with the capsule telemetry (1. 2-watt) transnitter was mads,
Ozbital contacta, with durstions of track for each station, are shown in the
Orxbital Contact Bummary, Table 3-4.Near real-time data evaluation was
made possible by talemstry reception at the Sunnywale facility. Holloman
AFB, New Mexico, and the recently activated station at New Boston (NBTS),
New Hampshire, also provided tracking information. Four tracking-lght
sightings wers veported by Smithsonian South African stations. BSatisfactory
contact with the capsule VHF beaccn was made during the recovery.opsration
(Fig. 8-2) but none with the capsule telemetry. Furtherinvestigationhss shown
that the transmitter was not activated (sse Telemetry and Instrumentation).

Vlndonbogl'rrac@ Station ‘V’l‘!!

Track station operations wers successfully carried out during launch and
succeeding orbital operations. Active VERLORT tracking was maintained
uﬂli‘-& 165 seconds, when the radar went passive as planned,

The VERLORT then tracked on MTS8's return until T + 516 seconds, when
fade occurred at an elevation of 3.9 degrees and asimuth of 173.4 degrees.
A beacon "countdown" of 20 percent was reached prior to launch. During
Task 4, instability of the modulator and beacon~-coder triggers was noted on
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the range scopes. A check of transmitted pulses out did not show instability
and a check with the blockhouse confirmed this. Ths problem was traced to
the VERLORT wvan and corrected. The system-tims gensrator at the
VERLORT site was inopsrative, and thus times recorded on the Brush re~
cordings were invalid. Béacon countdown countinued during launch and ascent,
wlthpu.ks:oachh.”porcontudaqutomporcm. The count-
down appeared to be caused by thres search-type radars, scanning at a rate
of about 11 seconds per revolution. Telemsiry tracking and dats acquisition
was successfully carried out by both the TLM~18 and tri-helix aotennas.
Oxbital contact was also achieved on Passes 1, 8, 9, 15, 16, and 24. The
only command sent by VTS, a reset command on Pass 9, was not verified.

Point T Station S

Performance of equipment and personnel was Mmm.hmchund
subsequexnt orbital passes. Radar-beacon returns were received at T + 28

 seconds, and automatic track was achieved soon thereafter. Contact was

maintained until T + 500 seconds. * Command 5 (D-timer hold) and Command
6 (velocity-to-be-gained) ware successfully computed and transmitted for
durations of 26. 70 seconds and 13. 20 seconds, respectively. Slight count-
down was noted during track but caused no difficulty. Agens telemetry was
acquired at T + 25 seconds by ths tri-helix antenna and continued to be tracked
until T ¢ 460 seconds., :

Orbital tracking was also successful on Passes 8, 9, 15, and 25. No orbital
commands were transmitted. Slight countdown was cbserved during orbital
passes. '

Domanli Telametry Ship (AG 161) .

The downrange ship was on station and performed satisfactorily during
launch operations. Telemetry contact was achieved at T + 251 seconds and
lasted until T + 740 seconds. The ship provided positive verification of
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successful Agens reorientation (yaw-around), switchover of antsnnas from
exit to orbit, and the plus 3, 55-deg/min pitch rate. '

. Kodiak Tracking Staticn (XTS)

Acquisition of the VEF transmitters by KXTS at 87,9 minutes aftsr launch
verified that orbital status bad been achieved. A drift in command pulse-
modulation devistion from 3 to 1.5 microseconds was dlscovered after Pass 1
. and resulted in command difficulty on Pass 1, when increase and reset com~
mands could not be verified. Read,ustment of command pulse deviation to

2. 73 microseconds on Pass 2 resulted in successful Tone A verification. On
Pass 10, four out of five Command 1's were successful with Tons A modu-
lation increased to 3.05 microseconds. A flial reset command on Pass 15
adjusted the orbital timer for correct initiation of the retro sequence on
Pass 17. The reset command was initigted 30 seconds before the actual
reset latitude was reached. I was sent continucusly, and KTS was instructed
to make any changes in Tone A deviation necessary to obtain proper verifica-
tion. No adjustment was necessary, however, since verification was achisved
immedistely. When the command was terminated, the timer was properly
adjusted for recovery initiation on Fass 17.

Oruhlhlmm:chducnn- satisfactory. Oa Pass 17, no contact was
mads with the capsuls tslemetry signal, although a weak VHF-beacon con-
‘tact was made. 3

Command sxarcises were carried out on postrecovery orbits. Satellite
telemetry data were transmitted to Sunnyvals by talephone line after Passes
2 and 17. Data quality was very good, and sun-position indicator and
horison-scanner data proved to be of value in evaluating satellits attitude
before the recovery pass. Personnsl proficiency was excellent.

Hawall Tracking Station (HTS)

 Performance of the HTS during the operation was satisfactory. All schedulsd
contacts with satellits transmitting equipment were successfully mads,

9-12

LOCKHEED ANCRAFT CORPORATION SECRET Mfan-umm

5l|——-—.




SECRET racso-seszenss

Difficulties were experienced on Passes 1 and 10 in cbiaining verifications
for commands containing Tons A. Four reset commands were sent in '
succession on Pass 10 without success, but after the modulation deviation
was increased by an additional 0.5 microsscond, successful verification was
achieved. During the recovery pass, HTS made contact with the capsule VHF
beacon for a duration of 77 seconds.

Barking Sands
The recently activated tracking station at Barking Sands on the island of
Kamal was utilized to track capsule signals during the recovery pass, although

Mnst&hMMd@lMoﬂtmm
as well. No contact with the capsule VHF beacon was made,

The capsule VEY beacon was acquired for a duration of 77 l.oud.-l.ta
bum.dzsoum«m.ma 17.

Christmas Island
Because of the southexly location of this station, no capsule contact was
accomplished,

WV-2 Telemstry Aircraft
A WV-2 aircraft equipped for telemetry reception was positioned below the |
capsule~separation point (approximately 50 degrees North latitude, 170

degrees West longitude) to receive and record capsule telemetry data. No
capsule telemetry contact was made although the VHF beacon was satisfac-

torily acquired.
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GROUND SUPPORT EQUIPMENT (GBX)

Bleckhouse

Performancs of the blockhouse GSE was satisfactory except for the propellant-
tanking problem mentionsd below,

Agena

During Countdown Task 5, the lanyard to the fual-Sll umbilical disconnect
was found to be t0o short and a longer lanyard had to be made. Apparent

damage to a pueumatic hardline in the umbilical mast was noticed during

Task 9 of the countdown. Pad personnsl inspected the hardline which ap-
pavently had been struck by a hammer and found it mechanically sound.

When fuel flow was turned on at the blockhouse during Task 14 (propellant
tanking), flow was not recorded at the blockhouse meters. At first, it was
thought that the flowmeters were inoperative, but investigation revealed

that there was no flow. The fuel-tank flow valve was checked and found to
be working properly; however, the interflow valve on the umbilical was stuck
in the closed position. Tha valve was freed by simultansous application of
current to the valve sclencid and tapping the valve. Even after freesing the
valve, the fusl flow could not be started from the blockhouse and had to be
turned on at the fuel truck on the pad. No reason for this lack of blockhouse
control is avallable at this tims.

Ihor

A hydraulic power unit malfunction was experienced during Task 3 of the
countdown. In addition, the pad water-deluge system was inadvertently

activated during Task 8 of countdown. This caused delay while GSE at the
pad was inspected for possible damage. No reason for this malfunction is
available at this time.
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SECTION 10
OPERATIONS SUPPCRT

Adequate support was provided by the following perticipating agencies:
6394th Test Wing '
ist Missile Division
Alaskan Alir Command
Lockout Mountain Laboratories
Pacific Missils Range
Flight Test Working Group, VAFB
Douglas Alrcraft Company
LMSD Data Services
LMSD Palo Alto Computer Center
6594th Recovery Control Group.

The 10-hour Vandenberg data shipment was delayed because of weather
conditions at VAFB. I was delivered by car to Paso Robles whers it was
picked up by the courier aircraft.

The capsule containing oyiginal data from the telemstry ship, USS King
County, was dropped in an attempted plicknp, but & second capsuls coutain-
ing duplicate data was succeasfully picked up. The first capsule was later

recovered by the telametry ship.

. LMBD Data Services and Modification and Checkout receiving stations pro-
vided early launch and orbit data. Part of Pass 2 and Pass 17 data from
KTS weres transmitted by telephone line, permitting early evaluation of orbit
and re-entry svents.

For the first time, an asrial pickup of data from the USS Dalton Victory was
attempted and accomplished. Pickup was made by a Hawailan-based C-119
aircraft. ‘
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