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FOREWORD

This document is the final system test evaluation and
performance analysis .report for the launch of Discoverer
XIII from Vandenberg AFB on 29 June 1960. It has been
pPrepared for the Air Force Ballistic Missile Division
(AFBMD) to meet a requirement of Contract AF 04(647)-558
in accordance with Paragraph 1. 4.1 of LMSD-4451585B,
Discoverer Program. :
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SUMMARY

Discoverer XIII (Thor 231/Agena 1057) was launched on thg first atte:hpt
from Vandenberg AFB Complex 75-3-5 on 10 August 1960. All primary,
secondary, and tertiary test objectives were met, including‘the achievement
of a significant "first® in world-wide space technology: recovery of a -
capsule ejected from an orbiting satellite. The capsule was recovered
from the ocean northwest of Hawaii by a helicopter operating from the

USNS Haiti Victory, after viiua.l acquisition by C-119 aircraft.

Launch countdown com’mehced at 0600 PDT. Liftoff occurred 7 hours and
38 minutes later, at 1337:54:40 PDT. Separation of the Agena from the
Thor was completed at the prescribed time and altitude. Agena engine
ignition, sigﬁaued by the Agena's D-timer, was followed by 118 seconds
of engine operation. The engine was shat down by integrator command
after the required inertial injection velocity had been attained. '

Satisfactory Agena injection altitude and velocity resulted in an orbital
perigee of 137 nautical miles, an apogee of 379 nautical miles, and a
period of 94 minutes. Orbital lifetime of the satellite is calculated to
be 84 days. |

All commands transmitted to the orbiting Agena were Successfully received,
executed, and verified. Additionally, orbital timer operation was accurate,
and all programmed events, including initiation of the Tecovery sequence

on Pass 17, took place as specified. . \
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NOMENCLATURE
AET Advanced Engineering Test
BSTS - Barking Sands Tracking Station
Blossom Time © Time of capsule parachute deployment
Chaff Metallic radar target scattered at the time of capsule
. Parachute deployment
Countdown Step-by-step Process leading to a missile launching
Countdown Reduction in response of radar-beacon to interrogations

caused by unsynchronized multiple-active tracking by
two or more ground radars or by improper spacing

CWAT Continuous-wave acquisition transmitter

‘DAC Douglas Aircragt Corporation

ETPD Estim.ated time of parachute deployment

GE ‘ General Electric Company

AAFB Hickam Air Force Base

HCC Hawaii Control Center

HTS Hawaii Tracking Station

-HATS High Altitude Temperature Simulator

KTs - Kodiak Tracking Station _ -

Lock-on Automatic training of the radar antenna on the target,

following initial acquisition, accomplished by a servo-
control system which nulls-out error signals

MTS Pt. Mugu Tracking Station
NBTS New Boston Tracking Station
On-line Insté.ntaneous Or near real-time data
PACC Palo Alto Computer Center
PAM/FM Pulse-amplitude ~modulated subcarrier; frequency
/ modulated carrier
PRF Pulse -repeti,tion-frequency
. xv
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r-f
System time

TLM-18

TOC
Tri-helix

VERLORT
VTS
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NOMENCLATURE (Continued)

A sonobuoy marker device equipped with radio beacon
and tracking lights

Radio frequency

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

A high-gain, narrow-beam, VHF, automatic tracking
antenna

Time-of-crouing of a satellite over a tracking station

A medium -gain, wide-beam, manually steerable or
slavable VHF antenna

'Very-Long-Range»-Tracking radar

Vandenberg Tracking Station
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- SECTION 1
INTRODUCTION

BACKGROUND

In the Discoverer Program a total of 13 flights have been launched from
Vandenberg AFB. Eight Agena Satellites have been successfully injected
into orbit (see Table 1). Present plans call for the launching of 17 additional

vehicles before the program is concluded.

The principal objectives of the Discoverer Flights are the development of
Thor-boosted Agena satellites c'apable of functioning as carrier vehicles

~ for scientific material and the recovery of capsules ejected from these
satellites while on orbit. '

Additional Discoverer objectives are the perfecting of equipment, techniqués,
and procédu:res for launching Thor-boosted Agena satellites: attaihing orbit;
and acquiring, recording, transmitting, receiving, and Processing satellite
functional and environmental data, as well as geophysical data. Section 5
of this report lists the objectives of Discoverer XIII. In addition to these
specific goals, it is also expected that the ground system operational
techniques and procedures at the tracking stations, control center, and
launch-base will be refined as the program progresses. Specialized tests,
including aero-medical research, will be executed during the series. A
propulsion system éapability 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 equipment and procedures which will be used in the more ad-
vanced MIDAS and Samos programs, as well as in future deep-space probes.

1-1
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Table 1 - ,
DISCOVERER PROGRAM FLIGHT TEST SUMMARY

ASENA/THOR Tiet, A0 OATE " REQUIRED c&'##éu RESULTS
1019%/160 Complex 4 1 Noarecoverehle, ist | Molfwnction dering countdown coused
Avvongted cn lqdeo-ule:l:: ullq.mhm,v:rmbn,up.o-
Nim s . oquipment tien belts, end horizon scenmer foir
bfhﬁ-by&-lienﬂcmm
on. Dosign preblom. Discoverer ox.
fonsively 5
1022163 1349:16 PST ing of communications :mmhm-"d.::’n
BFe S oquipment contect made. Speradic CWAT contect
mllyvod/ mly injec~
o ot
fion or during first pass,
Discoverer Complex 4 1 IHHRMC» Orbit achieved. Engine shuidown by
10120 . 131639 PST svle, contalning fowr comnend (seurce ynknown, but belleved
BAp s machunicel mice dote Hoaction), Copsule
Aw M“i:’:md 13 doy life-
iscovarer Complex 4 4 Biemedicel Resoerch Promature eagine burmowt dve o fuel
102012 1309:20 POT sols, e-.i-lqlnlcl:. cxhovetion. Insufficiont velocity
b Y mice soind for wrbit ettoinmont,
(ot within spec-
ificetion) achioved ongine.
iscoverer IV 5 H] Recoverable Research Prometure sngine bumout occured
Ny 1547:45 POT Copsvie rosulting c::.dmu velocity for
Blans orbit evainment. v pore
t-.e.w-m-.uma;..)
nﬁbnlbyh-qh.
Discoverer V Complox 4 ] Recoverable Research Burnost due 1o lent exhovstion.
1029192 1200:08 PDT Copovle Orbit achieved. Ca separated
13 A 59 : but uat recevered,
bolioved not eccomplished dve 1o
sxirome cold effects on mercwry ber-
tory, 46 day ithotime rocorded,
iscoverer Complox ¥ 2 Recoverable Resserch Burnout dus to llent exhoustion
1028/200 122444 POT i Cepavle M“M.m separsied
WAg 5 : bt net recovered. sequence
v bolioved net eccomplished. 63 dey
o Coagind ? Racovereble Rosoarch | Seccamsil Yewack od b
1051/20¢ 122841 PST Capevie sepwretion enparienced. ~lasl'.' ongine
‘ TRev 59 %wlﬁdb’im
s
ond vohicle tombling ensued. Nitve-
990 gos anhousted prier to Orbit 2
contact by Kedisk, Copevle covld
ot be ajocted. 19 day lifetime re-
corded, .
Discoverer Vil Complex 5 1 Recoverabie Resoarch Burnsst dve te progellent exhoustion
1050272 1125:24 PST Copaule following occeloremeter-intograter
20 Nev 59 melfvaction. Excessive injoction
velocity resulted in eccentric erbit
Mnhﬂdl“uﬂw
of ...m.m......‘-um
"""""’-...n..."o"&::"{ _e
Soquence nermel. Ne recovery
[ ]
Over 90 doys ifotinme

1-21
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Table 1 (Continued) ‘

Discoveren
VEMICLES LAUNCH COMPLEX, COUNTOOWNS PAYLOAD RESULTS
AGENA/THOR TIME, AND DATE REQUIRED DESCRIPTION
Discoverer X 4 4 Recoversble Research Two major malfunctions o lifioff:
1052/218 Copsuie Unbilical mast retroction Jol:zud, failure
e obied o lconmac
mo . Pre-
mature Thor main engine shutdown,
Discoverer X 5 | I Recoversble Research At liftoff, Thor boester pitch oscillations
1054223 , Cepsvle begen diverging vatil mein ongine was
. gimballing to step. Discoverer
P el
1] struct o was
nu-unu.:o"r +56.3% s. ’
Discoverer X| Recovershle Ressarch Neer polar erbit attained. Agene nese-
1085/234 - Capesie down re-crientation for Copanie sommeerion
accomplished. Retro end dospia recket
firing confirmed as was thrust cone sepe.
ratien, C beacon and telemetry
recorded. Spin deficiency lod 10 in-
wificient refro velecity, Copavle re-eatry |
irejoctery high and beyond predicted
recevery ares,
Discoverer Xi| 4 1 Recoverable Research Liftolf ond ascont trejectories ond injecti
1083/160 ’ Copsvle velocity -o: requirements, Hm.i‘ -
Agend’s velecity gein not hriuudiy
dicacted. A nese-dewn ofti (covsed by
Incarrect herizon scanner signels) re-
sulted in ¢ .8.3 dogree l),loela plane,

SCOPE OF THIS REPORT

This document contains the detailed evaluation of all data relating to the
Discoverer XIN flight. Included are the results of investiga.tior;s into prob-
lem areas; and, if indicated, recommendations. This report amplifies the
information given in LMSD-445905. 57, Discoverer Xm Preliminary System
Test R.éport ('7- to 10-Day Report), and supersedes the earlier document in
ahy instance where the data is at variance. ‘

Organization of this report is in three parts. The first part, Test Descrip-
tion, describes the configuration of Discoverer XIIT, and gives a chronologi-
cal history of the flight. The second part, Test Evaluatibn, analyzes per-
formance of important elements. The thirdvpart is the Appendix, which
includes additional data to support the discussions in text.

1-3
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SECTION 2
DESCRIPTION OF FLIGHT ‘ELEMENTS

The system configuration for Discoverer XIII consisted of a DAC Thor first-
stage booster (Figure 1) and an LMSD Agena second-stage satellite vehicle
(Figure 2) with the necessary first- and second-stage support equipment,
launch complex, command and communication system, and Capsule Recovery
Force. The configuration was similar to that of Previous Dilcoverer_Flights,
with the exception of flight and ground system elements related to capsule
recovery. The notable configuration differences for the flight elements are
given in this section; those for the ground elements are given in Section 3,

COMBINED VEHICLES

The Agena satellite vehicle Model 2205, Serial 1057, was mated by a struc-
tural adapter section (supplied by LMSD) to a modified 10C Thor booster
SM-75, Serial 231, utilizing an MB-3 Block I engine. The length of Dis- -
coverer XIII was approximately 79 feet, and its total weight at liftoff was
117,260 (£250) pounds, The Agena weight statement and the Discoverer cg
and moment of inertia are presented in Appendix A,

RECOVERABLE CAPSULE

The recoverable capsule payload (Figures 3 and 4) for this flight was a spe-
cial "diagnostic ' configuration which contained a five-channel FM/FM telem-
etry system to transmit separation, re-entry, and recovery equipment
operations data to ground stations. The additional equipment permits a

2-1
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more complete postflight qualitative analysis of the Tecovery operations than
has been possible on previous flights.

An 8-watt transmitter replaced the ], 2-watt transmitter normally installed
to relay the following data: gyro, accelerometer, battery voltage, tem-
perature, pressure, and breakwire telltale functiong from capsule sepa-
ration until Parachute deployment. A continuoul-tape recorder wag installed
to record the capsule re-entry and recovery fuﬁctiona in real-time and to
play back through the transmitter with a 2-minute timeAdelay 80 that telem-

trajectory and impact location could be made.

A cold gas manifold system replaced the Sseparate spin-up and de-spin
rocket system. Following ejection of the capsule from the satellite, the
retjuired impulse to 8pin and de-spin the capsule was provided from 3000-psi
Pressurized cold gas (Freon-nitrogen)' spheres (one for each system), acti-
vated by squib valves. |

To ensure pod separation prior to spin-up, the thrust-cone Programmer
times were changed as follows:

Function Time (sec)* -

Pod Separation T+ 1.5

Spin-up T+ 3.4

Retro-rocket Fire T + 4.65 -
De-spin T + 15.40

Thrust-Cone Separation T + 16.9

* T-0 Is defined as electrical disconnect from the Agene pewer supply

2-6
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search, an additional battery was installed to power the VHF beacon after
impact for approximatel); 20 hours, rather thé.n’lO hours. The water-
soluble plug installed to initiate capsule submersion after 30 hours wasg
Temoved from thig capsule.

AGENA SATE LLITE

A principal difference in the Agena vehicle for this flight wag brought about
by a weight reduction Program. In order to accommodate the required
capsule instrumentation and to achieve the required pPerformance margin, it
Was necessary to remove all AET equipment, the JHU/APL depler beacon,
and optical tracking lights.

Path on Pass 17 could be achieved. The D-timer PAYLOAD-EJECT command
was changed from 93, 4 to 94, 5 seconds after D-timer restart. To achieve

a higher orbit, the nominal D-timer hold was increased from 20 seconds to

39 seconds, to delay Agena ignition an additional 19 seconds. For improved
low-rate capabilities, the rate gyro telemetry sensitivities were. increased
from %10 to %2 deg/sec. Control gas loading wag reduced from 40 to 37
pPounds as part of the general weight reduction effort, The horizon scanner
Wwas modified to reduce transient susceptibility, and the rubber gagket be-

to integrator cutoff (in the cage of a minimum Command 6), the 'maximum
integrator setting wag changed from 13, 809 to 14, 200 (+30) ft/sec.

2-7
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SECTION 3
DESCRIPTION OF GROUND ELEMENTS

Configuration of the ground elements of the Discoverer XUI flight was
essentially the same as that for previous flights. The nominal capsule
impact point was moved from that of Previous tests to latitude 24° N, This
change was to Provide HTS with telemetry coverage of the parachute de-
Ployment sequence at the nominal latitude for all orbit Periods within 1
minute of nominal, This impact latitude also provided KTS coverage of the
complete separation and retro sequence. '

The launch telemetry ship USS King Cou.ntx was replaced by the FS Ship
AG-161. The replacement ship wag equipped with,a quad-helix antenna in
addition to a single helix. There was no Doppler receiving or recording
capability on board the vessel. Otherwise, the configuration of the ship was
basically the same as that of the King Countl.

The Recovery Force and recovery tracking system consisted of the following:
Six C-119J and twoRC-lZl aifcra.ft and the Haiti Victory were dispersed in
the primary Tecovery area; and the Dalton Victory, three C-1197, two
RC-121, one WV-2, four JC-54 telemetry receiving, one C-130 recovery

aircraft, and the Pvt. Joe E. Mann telemetry ship were deployed to Provide
capsule detection and telemetry reception capabilitiea from the recovery
area extending 1800 nautical miles downrange. The facilities at Barking
Sands, Kauai, and South Point, Hawaii, were used to determine the approxi-
mate capsule trajectory. A temporary telemetry receiving station was in-
stalled on Christmas Island to extend further the capsule detection and
telemetry receiving range.

ticipated in tracking operations to check out equipment and to train Personnel.
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SECTION 4

CHRONOLOGICAL DESCRIPTION OF TEST

PRELAUNCH OPERATIONS

After pre-launch system tests were completed, all stations were evaluated

LAUNCH AND ASCENT

Liftoff was successfully accomplished at 1337:54:40 PDT with a clean
umbilical separation and only minor pad damage.

The vehicle was lauhched vertically and then rolled to a departure azimuth
of 174° (172° Predicted). All prdgra.mmed events occurred in Proper se-
quence. The ascent, as determined by VTS and MTS real-time data, ap-

within required tolerance. Separation wag successfully completed at the

Prescribed time.

ascent and coast resulted in the transmiss

ion of 49, 27 seconds of Command -

5 (which extended D-timezf hold to 51. 60 seconds) and 13, 03 seconds of

4-1
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* LOCKHEED AIRCRAFT CORPORATION

SEGRET
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Time Scheduled Actual Countdown Time
Start Dura- Start Start Dura-
Task Time tion Time Time tion
(min) (min) PDT (min) (min)
1. Pre~Countdown Operations T-375 10 T-375 14
and Countdown Initiation e ) b o
2. Shelter Removal 1'-365 35 0614 T-361 29
Vehicle Erection .
3. R-F Checkout 1350 | ko | osug T-332 | 93
L. Lanyarq Connection ang | T-330 35 0812 T-243 %
~ Fuel Truck Activation _
5. Destruct Test T=-295 30 0838 T-217 52
6. Orbital Stage Arm T-265 35 0930 T-165 kvl
7. Connect First Stage T-265 35 0930 T-165 39
Destruct System ‘
Hold 1# o9Ls5 T-150 76
8. Propellant Line Fi11 T-230 50 1009 T~150 Sk
9. Countdown Evaluation T-180 | 30 10 T-150 1
10. Electronics Warm-up T-150 90 1105 T~146 15
11. Range R-F Checks T-145 30 1107 T-144 15
12. Propellant Tanking T-115 30 1126 T-125 ko
13.  Secure Propellant Trucks | T-85 25 1206 -85 26
14. Guidance ang Flight. T-60 30 1232 T-76 30
Control Checkout
15. Pressurization T-60 30 1232 T-59 30
16. Countdown Evaluation T-30 | 17Tm158 | 1248 T-45 17
Hold 2%+ 1303 T-15 11
17. Terminal Countdown : T-‘J;an 12ml5g 1316 T=13 22
S5s
Hold 3#» 117 T-12 6
Hold 4w 1333 T-2 3
Liftors -0 1337:; 514 '
4.2 '

1
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Command 6 (controls velocity-integrator setting). Both commands were
received by the vehicle and were executed,

Agena engine start (90 percent thrust) occurred at T + 302.45, and nominai
thrust was obtained. The duration of engine burning was 118, 99 seconds

as compared to 121. 93 seconds nominal, However, engine shutdown wag by
integrator command and was not due to fuel depletion.

telemetry ship fade),

Table 3 compares the predicted times of launch eirents with the actua]
times these events occurred, Table 4 tabulates the trajectory and
initial orbit Parameters.

ORBIT OPERATIONS

On the basis of launch tracking data received by the PACC from MTS and VTS,

initial orbit elements were calculated and a new acquisition méssage gener-
ated and sent to KTS for Pass 1. Acquisitions messages were also gent to
the other tracking stations (HTS, VTS, and MTS) for use during Pasg ].

Pass 1 acquisition of the Agena's CWAT by KTS was made 88 seconds later
than predicted by the PACC. KTS also tracked the vehicle on radar and

recorded Agena telemetry. Since beacon acquisition wag later than predicted,

a RESET command was sent at System Time 79799, The 65°N and 60°N
reference latitude Crossings were 123 seconds later than the computer
acquisition message had predicted for KTS. An INCREASE command was
sent and verified and four STEP cdmmands were sent, which extablished an

_ orbital timer period of 5655 seconds. Nodiff,iculty was éxperienced in
verifying RESET, INCREASE, DECREASE and STEP commands.

4-4
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Liftore *
Main Engine Cutofr
Vernier Engine Cutofs
Start Fairchild Timer
Explosive Bolts Fire
Pneumatics ON
Retrorockets Fire
Command -45%/minute Pitch Rate
Start D-timer Hola
(D-timer Holg Duration)
Command ~2°/mimite Pitch Rate
Command 5 on
Command 5 OFF
(Duration)
Command 6 ON
Command 6 OFF
(Duration)
Fire Ullage Rockets
Preactivate Hydraulics
Belium Bypass Valve Open
Thrust Attainment (90% P )
- Engine Burnout (T0% P )
(Duration)
Coamand ~40°/mimite Yaw Rate
Fire Vent Valves

LOCKHEED AIRCRAFT CORPORATION

. Table 3
LAUNCH SEQUENGE OF EVENTS

Predicted
Time ( seq)

0
164,5
173.5

LMSD-446240-57

Actual
Time (sec)
0

163.0
172,47
179.28
180.91 -
180.91
181.41
192.42
221.31
51.60
221.31
223.64
272.91
51.60
272.91
285.94
13.03
288.97
288.97
300.96
302.45
b2y 4o
118.97
k31,92
431,92
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Table. 3(Continued)-

Predicted
Event : Time
VIS T/M Fade -
MTS T/M Fade ———
Remove -40°/minute Yaw Rate 701.6 -
T/M Ship Fade - , -—

LOCKHEED AIRCRAFT CORPORATION ’ —S'EGRE‘T—
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500.0
476.0

T01.9
T84 .0
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VTS, HTS and the USNS Joe E. Mann were able to acquire on Pass 1 for
\ .

approximately 1 minute, but because the pass was low on the horizon, con-

tact was marginal. The CWAT signal wag reported by KTS and VTS to be

weak.

KTS and HTS tracked the vehicle 6n all equipment during this Pass. KTS
transmitted and verified one RESET Command 3 at a System Time of 85441
as the satellite crossed reset latitude. One DECREASE 8tep was commanded
and verified by HTS. . All real-time telemetry readouts indicated normal
Agena pPerformance, but the Beckman monitor of the orbital timer period
fluctuated slightly.

Pags 8
\

Agena acquisition and fade tinies were on séhedule., No commands were
8ent. The predicted reset-monitor ON time was 31539 System Time, and
VTS reported the reset monitor ON at 31539, MTS at 31534, and HADCG at
31534. A RESET command was not sent since observed reget monitor
turn on showed exceptional agreement with predicted time. Tracking

The VTS VERLORT was designated "active'* and MTS "passgive" to limit
radar tracking interference. Christmas Island reported acquisition of
telemetry at 36947 System Time and tracked for 59 seconds. VTS acquired

System Time. The orbital timer readout was reported as DECREASE 25
(5643 seconds). A RESET ¢ommand was sent and verified by VTS at 37170
System Time. The reset latitude 30°N time of crossing (TOC) was 37183

LOCKHEED AIRCRAFT CORPORATION | ‘S‘E‘G‘R‘E—T MISSILES and SPACE DIVISION
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System Time. The reset command was sent early to confirm command
éa_pability of the vehicle. ‘

Pass 10

HTS acquired approximately 36 seconds earlier than predicted. A RESET
command was specified to be sent at System Time 42655. HTS reported

that time of crossing the reset latitude 20°N occurred at System Time 42655,
KTS reported that the orbital timer period readout was erratic during the pass.
Acquisition and fade times were nominal, with solid tracking reported.

Pags 14

NBTS actively searched for approximately 5 minutes but failed to acquire
due to the low elevation angle of the Agena.

HAFB acquired and tracked the Agena's telemetry as pProgrammed. All
requested readouts were made. The reset monitor came on within 2 seconds
~of the programmed time. . '

Pass 15

KTS acquired the satellite on this pass at near the predicted time. A RESET
command was issued and verified at the proper time for proper phasing of
the recovery sequence. Dﬁring the pass, both VTS and MTS had difficulty

in obtaining continuous radar lock-on. MTS was locked on when the beacon
was turned off by the orbital timer (refer to Section 10). Reset Monitor OFF
time was observed by both stations to be within 6 seconds of the expected
time. Real-time readouts were all normal.

Pasgs 16

KTS acquired the satellite ag programmed and achieved excellent tracking
on all parameters. The reset monitor was observed to turn on 4 seconds
early, and a RESET command was issued at the Proper time (4 seconds
after reset monitor on).

»Y : ‘
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MTS and VTS acquired the vehicle on all parameters and experienced no
trouble in tracking on this pass. VTS observed telemeter OFF 4 seconds
earlier than expected, based on reset on the timer. All parameters were
normal. '

Pass 17

KTS acquired on all parameters and reported good track and signals. The
track was nominal, with the deviation in elevation of only 0. 5° from the
Preplot at fade. The D-timer was observed to restart at the pProper time.
All other Te-entry events were verified, and the capsule was tracked on the
Preplot. HTS acquired the satellite and verified all recovery events.
Successful tracking was achieved by KTS of the capsule's S-band beacon and
the telemetry.

HTS and the Barking Sands tracking station successfully tracked the capsule's

VHF beacon and telemetry. HTS also radar-tracked the Agena and recorded
its telemetry during this pass.

Post-Recovery Orbits

Passes 24, 25, and 26 were tracked by KTS and used for command exercises.

Contact was gained by NBTS on Pass 29, VTS, and KTS on Pass 31, and HTS
and KTS on Pass 32. Both CWAT and telemetry were effective on Pass 32,
but radar contact was poor. Command exercises were performed during
these orbits. Continuous tracking activities terminated after Pass 32 to
allow stations to prepare for Discoverer XIV activities.

4-10
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The Agena 1057 was also tracked on the following passes.

Date, August Pass Station
15 76 VTS
16 92 ‘ KTS
16 93 _ KTS
16 ‘ 93
17 107 KTS
17 108 : HTS
17 109 KTS
18 120 NBTS
19 338 MTS

A steady decrease in the CWAT frequency was reported after Pass 107,
indicating the life of the battery was nearly expended. When the Agena was
last contacted on 19 August, the transmitter's frequency was reported as
‘being 25.5 kc below nominal. On 22 August VTS attempted to acquire the
vehicle on Pags 183, but failed, thus indicating the battery life had been
expended as expected. ' ' |

CAPSULE RE-ENTRY AND RECOVERY

Recovery operations began with briefings of all Recovery Force elements

and continued through Post-recovery shipment of the capsule to Washington,
D.C. Surface force elements, including representatives for the Victory
ships and the PMR tracking stations, were briefed on 8 August. Air elements
were instructed the following day. '

Impact area revisions were received by the Hawaii Control Center (HCC)

and were relayed to the Reéovery Force as refined ephemeris data became
available:

4-11
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Estimated time

Time of of parachute :

Impact Message deployment Location

Prediction (GMT) (GMT) AN Latitude) (W Longitude)
1 (Final pre-launch)  2035:18.50 - 23° 59.8'  158° 23,41
2 2312 - 10 Aug 2326:18.50 -~ 24°00.2'  161° 45. 9"
3 0150 - 11 Aug 2325:58.0 - 24°00.0' 161° 42. 0!
4 1328 - 11 Aug 2324:27.0 24°00.2'  161° 34. ¢
5 2116 - 11 Aug 2325:18.50  24°00.2' 161° 32.4'
6 2206 - 11 Aug  2325:18.55  23°51.6'  161° 31, 0"
7 2322 - 11 Aug 2325:00 24°10.0'  160° 37. 0"

8 0015 - 12 Aug 2325:00 25° 20.0'  161° 35. 0

The 11 August recovery operation commenced with a fully operational

Recovery Force (refer to Section 3). All RC-121 aircraft were airborne and

on station at 2006 GMT. At 2252 GMT the eight C-119 aircraft were on
station. Deployment at this time was based on Impact Area 6. The re-
mainder of the Force (C-130, WV-2, four JC-54'g and two Victory‘ahips)
were debloyed and on station prior to estimated time of parachute deploy-
ment (ETPD) as dictated by advance Planning directives. JC-54 No. 3
aborted its mission when a fuel leak developed, and one C-119 aborted its
mission because of an oil leak. At ETPB, Recovery Force deployment
was as shown in Figure 5.

s

At 2320:15 GMT, 12 August, acquisition of the re-entering capsule was
obtained by the Haiti Victory. By 2328:30, all Recovery Force aircraft
had received the beacon's signal. (Appendix Table A. 3 lists all 'axc'qu.i'sition
data reported by the Recovery Force.) At 2324:25 GMT, C-119 No. 1
recorded a signal (not relayed to the RC-121) that saturated its FLR-2
| equipment, with a resultant "'no bearing". The aircraft was vectored to
273 degrees by RC-121 No. 1, but the vector led to cumulus clouds. By
this time (2342 GMT) the C-119 was in a position too far away for aerial
recovery of the descending capsulé. The C-119then obtained a bearing on

the VHF beacon, vectored to 070 degrees, and eventually sighted the capsule

4-12
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in the water approximately 24 nautical miles from the aircraft's initial
station. At 2352 GMT, the beacon signal was observed to fade abruptly and
then return at a 6-mc higher frequency. At 2325 GMT the SPS-8A radar on
the Haiti Victory acquired a target that appeared to be the capsule's chaff,
The initial target was at:40, 000 to 50, 000 feet altitude, at a distance of 100
nautical miles, and at the same bearing as its VHF beacon and tefemetry
signals. '

From 2320:15 GMT onvéa.rd. numerous data were obtained from the iracking
stations concerning location of the capsule. These data, along with C-119
bearing informétion. were plotted at the HCC to obtain a most probable area
of capsule descent and impact. Data from HTS, Haiti Victory, Barking Sands
Tracking Station and the C-119's were plotted. The_ resultant triangulation
indicated descent at a point 25° 20! N, 161° 35' w.

The first visual sighting of the water-impacted capsule wag made by C-119

. No. 2 at 0007 GMT, 12 August. At this time, it was apparent that the force
of water impact had shifted the capsule frequency. By 0012 GMT, C-119
No.'s 1 through 4 had made visual sighting of the capsule and were circling
the area. C-119 No. 1} dropped a RADARC (sonobuoy) at the impact point,
but the RADARC failed and sank. C-119 No. 4 then depioyed a RADARC,

. which operated Properly as a marker of the capsule's impact location. The
point of capsule impact was recorded by the C-119 aircraft as:

C-119 Aircraft Latitude LonE'tude
1 25°4L.5 N 161° 310 w
2 25° 36' N 161° 34' w
3 25° 38' N 161° 33' w
4 25° 40' N 161° 35' w
5 25° 3¢' N 161° 34' w
6 25° 36' N 161° 34 w
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sighted, the parachute was still partially inflated and about 1/3 out of the
water. '

After visually sighting the capsule, RC-12] No. 1 remained in the area to
vector the other sighting aircraft and ships. Two helicopters were sent
from the Haiti Victory to retrieve the capsule from the ocean. A frogman

was lowered into the water from a hovering helicopter to attach a winch
line to the capsule, and the capsule and Parachute were reeled into the
helicopter. Retrieval was accomplighed at 0222 GMT, and the capsule
‘was flown to the Haiti Victory. The ship then proceeded to Honolulu where
the capsule (in its shipping container) was flown by helicopter to Hickam
AFB at 2050 GMT, 12 August. The capsule was transferred immediately to
a C-130 aircraft for shipment to Washington, D.C., via LMSD Sunnyvale
where an inspection of the capsule was made and several components. were

removed.
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SECTION 5
TEST OBJECTIVES AND RESULTS

Flight test objectives for the Discoverer Program have been defined in
LMSD-445725, Detailed Test Objectives for Discoverer Satellite System.
The following is a tabulation of these objectives and subsequent a.chieve;ent’
in this flight test. '

Achievement
Yes | Partial [ No

A. PRIMARY OBJECTIVES

Basic objectives of the flight were as follows:

1. To place the Discoverer satellite with a
recoverable capsule on a near-polar
prescribed orbit. ! X

2. To eject the capsule within range of the ’
Kodiak Tracking Station. X

3. To secure adequate telemetered data
during launch, orbit, the re-entry se-
quence, and the parachute deployment
sequence for determination of objectives
achievement. X

4. To adequately track the re-entering
capsule for computed impact point _
prediction. _ X

5. To recover the capsule. _ , X

To achievé the basic objectives, it was
necessary that the following specific objec-
tives be attained: '

1. The ground support equipment must pro-
vide adequate support and checkout
required for the launch of the Discoverer :
Agena satellite and Thor booster. X

5-1
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The Thor booster must carry the Agena
satellite to the planned Separation altitude,
achieve the planned attitude at separation,
and provide the Tequired velocity at
separation.

Agena airframe and adapter must demon-
strate the ability to withstand control
8ystem perturbation and flight environment.

The Agena pPropulsion system must Provide
the additional total impulse required to
attain orbital velocity following booster
separation.

The Agena auxiliary power unit must dem-
onstrate acceptable pPerformance of com-
ponents, and supply power requirements
at least through the recovery orbit pass.

The Agena guidance and control system
must demonstrate the ability to:

a. Derive the time to initiate orbital boost

and the velocity-to-be~gained during
orbital boost, using automatic computa-
tion equipment;

b. Initiate and terminate orbital bobst at
Proper time;

¢. Maintain Proper vehicle. orientation
during coast, orbital boost, and the
orbiting phase until ejection of the
recoverable capsule. :

The Discoverer satemte airborne and
ground telemetry, tracking, and command
8ystem must demonstrate the ability to:

a. Sa.tiafactorily monitor all Primary func-
tions (Thor and Agena) and produce
adequate ground telemetry records of
these functions;

LOCKHEED AIRCRAFT CORPORATION -S-EGR—E—T—
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Yes ] Partial | No

MISSILES and SPACE DIVISION



Properly transmit, receive, act upon,
and verify alj required g’round-apace

Determine an ephemeris of orbit, suf-
ficiently accurate to assure acquisition
on each successive intercept and to allow
the vehicle timer to be adjusted with
sufficient accuracy to Program the re-
quired vehicle functions.

The Agena satellite recovery system must
demonstrate:

a.

b,

The ability of the recovorable' capsule
components to obtain and transmit data;

Compatibility of the recoverable capsule
with the Discoverer satellite in its
ascent and orbit, angd during the ejection
phase;

Proper capsule functioning during re-

entry to facilitate recovery by the
related airborne and surface system;

Compatibility and suitability of the
related surface and airborne recovery
System components and techniqt;es.

B. SECONDARY OBJECTIVES

Secondary objectives were to:

1.

2,

5-3
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3. Test and evaluate the interstation come-
munications network; and

4. Demonstrate the capability of the system
personnel to perform all checkout, launch
communications, orbital and recovery pro-
cedures necessary to the attainment of test
objectives.

C. TERTIARY OBJECTIVES

Tertiary objectives were to:

1. Evaluate overall system performance for
the planning of future programs

5-4
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Instrume_ntation of Agena 1057 Wwas similar to that of Previous flightg, The
8pecial ""diagnostic recovery Capsule, however, wag changed Considerably,

and will be discussed at length in thig section. The Agena instrumentation

included an FM/FM telemeter which provided much valuable reaj ~time data,

(Instrumentation discrepancies are reported in a later Paragraph. )

Adequate
Recovery Data
Measurements No. Lost (%) No. Inadequate (%)
" Agena 97 0 100 1 99_
Capsule 5 1 98. 2 0 98. 2
Total 149 1 99.4 1 98.7

Capsule Instrumentation

The objectives for instrumentation of the "diagnostic" Tecovery capsule were
to provide the following data during Capsule 8eparation, retrograde Propul -

3. Thermal ang dynamic environments
- b, . Stability of attitude
C. Systems operation.

LOCKHEED AIRCRAFT CORPORATION ‘SE‘G'R-EI MISSILES and SPACE DIVISION
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micro-switch type tell-tales were used to determine dynamic environments,
stability, and systems operation. An airborne Speidel tape recorder was _
installed to (1) record all data during capsule Passage through the ionization
layer where the real-time r-f signal would be lost and (2) delay playback of
these data until after the r-f blackout ended.

Complete data coverage was not obtained during the capsule descent tra_jec-
tory. However, good coverage of the retro phase was obtained from KTS,

with loss of signal attributed to distance, not ionization layer blackout. The
northern WV-2 aircraft also received capsule signal during the retro phase,

but no data were received heyond that obtained by KTS.

Usable telemetry data during the recovery phase were obtained by HTS at
84220 seconds, System Time, or approximately 106, 000 feet capsule altitude.
Analysis of capsule signal strength records from HTS indicate a rise from
noise level to 50 microvolts in about 12 seconds. This rather abrupt in-
crease in signal level is not typical of the gradual oscillating increase which
accompaniei an over-the-horizon type track, However, it can be interpreted
. a8 evidénce of capsule emergence from the blackout area. Other inﬂuenciz_:g
factors aﬁch as antenna lobing, antenna azimuth and elevation prior to ac-
quisi;ion. capsule height, distance from tracking station, and Capsule attitude,

reached, ) -

The quality of capsule telemetry during the r-f check prior to liftoff (Task 3)
was exceptionally good. All monivtors were operative and indicated all in-
strumentation was in good condition with the exception of Shield Temper-
ature B, measurement P-13, The resistance of this thermometer was ap-
Proximately 1. 2 percent of bandwidth high. This resulted in a slightly high

temperature reading prior to and during flight, During the r-f blackout -
Period, but after peak temperature was recorded by the airborne tape re-
corder, P-13 malfunctioned in a manner which indicated a broken wire and -

infinite resistance. (A bad solder joint could account for the high resistance
indicated prior to liftoff and the type of malfunction experienced later. )
‘ 6-2
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reported:

a. D82 Horizon Scanner Temperature, was reported reading 60°F
: higher than anticipated. A subsequent investigation disclosed
that the resistance thermometer had been relocated. Conse-
quently, the reading wag Correct,

b. Hllo, Timer Motor Frequency, Wwas reported as Unusable for
real-time operational display.

¢. PIl2, P1s, and P19, Char Sensors, iustalled on the ablative |
shell were reported ag inoperative. Subsequent analysis of the

d. P13, Shield Temperature B, Circuitry opened after signal lossg
from KTsS, Data were not obtained after this time,

"THOR INSTRUMENTATION

Of the 23 Thopr booster measurements recorded, only two yielded non-usable
data, :

6-3
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SECTION 7
VEHICLE PERFORMANCE EVALUATION

THOR/AGENA LAUNCH AND ASCENT

Thor liftoff was normal, and the Thor rolled Properly to a departure of
174 degrees (172 degrees programmed) from 2 to 9 seconds after liftoff.

Main-engine pPropulsion performance Wwas normal, with a recorded 153, 000
pounds total liftoff thrust. The main engine operated for 163. 0 seconds, some-
what less than the Predicted 164. 5 seconds, and the vernier engine solo oper-
ation time was 9.5 seconds. Oxidizer depletion caused main- engine cutoff. Pro-
Pellant utilization was 99. 6 percent, with a 400-pound fuel residual remaining,

- From T+ 133to T+ 162 seconds, non-critical pitch Plane oscillations were re-
corded by Thor and the Agena pitch-rate channels. The frequency built up from
approximately 0. 3 cps at 137 seconds to approximately 0. 5 cps, reaching an

estimated amplitude of 3 to4deg/sec at 159 seconds. The Thor pitch rate read-
ingindicated a diverging oscillation. Agena instrumentation indicated pitch ac-

Longitudinal acceleration at booster burnout was approximately 10, 0 g's, as
determined from the wxoll . accelerometer. The design conditions of
10.5g'g longitudinally and approi:imately 0.35g laterally were not exceeded
by the measured 10 g's longitudinally and approximately 0, 2 g laterally.

Preliminary DAC and LMSD investiga.tions into the pitch oscillations have
revealed that an 8 microfrared capacitor in the rate shaping network either
was shorted out or failed. Remedial studjés are in progress. -

7-1
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After vernier engine shutdown (T +172, 5 seconds) yaw attitude errors

developed. However, the angular rate of 0. 13 deg/sec was not excessive,

Launch Tra.jector.y

The launch trajectory, as presented in Figures 6, 7, 8, and 9 and Table 4
has been determined from MTS VERLORT data. The ascent data has been
substantiated by trajectory coverages from the VERLORT at VTS and the
FPS-16 skin track radar and metric optics of PMR., A summary of critical
data is included in Appendix Table 4. 4,

Thor boost trajectory was within tolerance, although it was slightly West,
high, and steep compared to nominal. At the time of main-engine cutoff, the
azimuth heading was approximately 2 degrees west of nominal, and the alti-
tude was approximately 2. 6 nautical miles higher than nominal. The veloc-
ity was 25 ft/sec low, and the flight path angle was 1. 84 degrees high com-
pared to the predicted value. At Thor main engine burnout, the Discoverer
apogee altitude was 15. 7 nautical miles higher and the apogee velocity was
226 ft/sec lower than predicted. |

Ascent Heating

VTS and Telemetry ship launch data indicate that the operating temperatures
of the équipment were safé, and well below their specified maximum operating
values during the recording of 760 seconds of ascent data. The equipment
temperature rise, as shown in Appendix Table A. 5, corresponds closely
with data from pPrevious flights. As expected, the temperature rise due fo
power dissipation accounted for a significant portion of the total temperature
rise. The maximum temperatures and temperature rise values based on
TM ship data could be 10°F lower than indicated in view of the discrepancy
between VTS and Telemetry ship data. Telemeter ship launch data from
Channel 15 indicated approximately 10°F higher temperatures than VTS for
the same components (IOOF is within overall system accuracy). These

7-2
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data were obtained from digital plots in LMSD-650853, Final Data Report,
Vehicle 2205-1057. '

SEPARATION AND THE COAST PHASE

Separation transients were normal, indicating a maximum displacement of
-2 degrees in yaw and +1 degree in pitch,

second-stage ignitiori was delayed approximately 15 seconds. Based upon
the MTS Reeves computer Computation, a horizontal velocity-to-be-gained
of 13,515 ft/gec was commanded,

ORBITAL BOOST

LOCKHEED AIRCRAFT CORPORATION S'EG'R'E¥' _ MISSILES and SPACE DIVISION



SECRET

LMSD-446240-57

The resulte of the engine performance calculations are shown in Table 5.
These calculations indicate that the specific impulse was 279. 0 lbs-sec/1b.
This value is the average of those "actual' values given in Columns 1 and 3
(Table 5) which have hearly equal deviation bands of approximately 1 percent.

lation and has an unknown deviation band due to unknowns in radar accuracy
for this flight. Although the tolerances are now known, this value is not
diécounted in the analysis. However, the average of the lower values is
qQuoted ‘as the "most Probable' specific impulse. The calculated flow rates
(from turbine speed) show that an additional velocity increment of approxi-
mately 90 ft/sec was available. The oxidizer flow rate indicates that

' approximately 13 pounds of impulse oxidizer were remaining in addition to
the 79 pounds of pPredicted non-impulse oxidizer. This could have provided
an additional thrust duration of 0. 33 second.

The new chamber Pressure measurement (accuracy of £0, 75 percent)

yvields pPerformance values (Column 1) consistent with values fron_x other
calculation methods,

Pressurization sttem

by the tank pPressurization system, with no Problems indicated.

Auxiliary Rockets

Satisfactory retrorocket and ullage rocket operation were confirmed by
normal Agena separation and by Agena attitude control system off-gets at
the scheduled time of ullage rocket ignition. '

ORBITAL STATUS

Orbital status was successfully achieved, and all subsystem equipment op-
erated within specification on orbit, Ageni orbit tracks for Pas_sea 0, 1, 2,

15, 16, and 17 are shown in Figures 10 and 11.
: : 7-8
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Table 5
PROPULSION PER.FORMANCE

89::::1- Pr.d:.ctod 1 Actual 3

s Lation —fe. 1 £ =2,
1. Veloecity increment, ft/see - 13593 137 135m 1513
2. Speciric Inpulse, 1b-sec/1n 278.0 min 289.2 279.4 280.0 278.5
3 Thrust Duration, seconas 1204 6 12013 18,9y u8.97  mg.gp
b Engine Thrust, pounds 15230 15093 15327 15264
5. Combustion Chanber Pressure, peig 500 nom kg9 ko3.1 bok.2 492.8
6. Engine Total Flow Rate, 1b/sec - 5k.35 5k Tk Sh.7h 5h.88
T Turbine Speed, rpu 24000 nom 23800 23666 - T -
8. Acceleration ot engine shutdowm, g - 8.20 8.1k 8.15 8.23
WEIGHT AND FLOW DATA
1. Total Oxtdiger Loaded, pounas 48 481 h8op k8o 2:5
2, Total Puel Iosded, pounas 1870 1868 1868 1868 1868
3. Total Propellant Losded, pounas 6671 6669 6669 6669 6669
5. oxtatger Flow Rate, 1bs/sec - 39.25 39.52 39.53 39.63
5¢ Puel mow Rate, 1b/sec -— 15.10 15.22 15.22 15.25
6. Total Fioy Rate, 1b/sec - 5h.35 Sh.7h 54.74 . k.88
7. Vehicle Wesght &t Ignition, pounds -— 8387 8387 8387 8387
8. Vehicle Weight at Shutdown, poungs - 18s7 1874 1874 1857

9. Enging Propeliant Mixture Retiy 2.57 nom 2.59%9 2.598 2.598 2.598

10. Rematning Oxidizer Twpulse Weight, - 0 13 - 13 1
pounds :
11. Remaining puey Impulse Weight, - 12 16 16 ]
Pounds .
SYSTEM DATA
* 1. Oxidizer Puxp Inlet Pressure, psia %0 min 65to . 67 1o 73 - -
2. Fuel Pump Injet Pressure, pgig 3% min 55t ST %to58 -
3. Oxtdiger Puwp Inlet Temperature, Op - 50 Mtohg . -
b Puel Paap Tmie: Temperature, °p - 50 :;s; to -
5. Thrust OMshoot, percent 50 max - 23.7 - -—
6. Thrust Attainment Time, seconds 1.3t 1.9 1.4 1.k8 ~ -

The ctnvintion Soovitad b @ wet heotamatel sob y Mnere of 13499
& Beved on e ossclosstion dntegrater,
subgy setiel y in ot Ne
hl&-:'. :::a. of ‘-‘.‘ wee and neminal v reapects, Petensiol prolioss wes
7-9
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Figure 10 Agena Orbit Tracks, Passes | ond 2
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Attitude

The Agena vehicle did not achieve the orbital period desired. However, the
period wds established within 0. 6 minute of the desired period. Agena
thrust attitude showed 0. 15 degree pitchup and a 1. 55 degrees yaw to the
right (west). The plane of the orbit was shifted to the west (longitude of
ascending mode shifted 1 degree west), and the orbit inclination was in- -
creased (approximately 1.2 degrees greater than intended).

A simulation was Prepared using MTS Mod II radar data fitted to the follow-

ing degree of Precision:

. Coast Phase Mean RMS Order of Fit

Slant Range, feet 1.7 44.8 6th

Elevation, radians 0.81 x 10~° 64.5x 107 : 6th .

Azimuth, radians 0.11x 1075 74.2x 1070 6th
Orbital Boost

Slant Range, feet 2.0 48. 6 6th

Elevation, radians -1.6x 10" 43 4, 10-5 6th

Azimuth, radians  -,0015x 10™5 35,3 5 10°5 Sth '

Using this fit data (after being converted to curvilinear éoordinates) as the
basis for an equations of motion simulation, a postflight simulation was
made. This simulation, when compared to the raw radar, has the deviations

given in terms of curvilinear coordinates:

i

Mean RMS —
Altitude, feet 110 823
Downrange, feet 42.6 445
Crossrange, feet -34,.4 643
The yaw reorientation pProgram following orbital injection was Properly ac- —
complished, and the near nominal orbit parameters adhered to are indic-
ative of proper vehicle attitude and injection velocity, -
7-12 . had
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The orbital telemetry data indicated that required attitude control was
maintained throughout each orbit (Fig. 12). Limit-cycle amplitudes and
period were consistent with preflight predicted values. The horizon scanner
indicated roll and pitch limit cycle amplitudes of 0.6 degree with a period
of approximately 270 seconds. The steady state nose-down offset in pitch

i8 normal and is due to the difference in programmed pitch rate, pitch gyro
-drift rate, and the actual orbital rate. The near-zero roll attitude indicates

a low yaw-gyro drift rate, and the steady-state yaw gyro offset is mainly
due to the nominal roll gyro drift rate. Control gas expenditure was near
the minimum predicted rate (Fig. 13) and was consistent with the normal
cyclic variations in attitude indicated on the horizon scanner monitors.

Temperatures

Orbit temperature data shown in Appendix Table A. 5 indicate that the instru-
mented components were operating within specified limits throughout the
orbital operating phase. Orbit temperature data for the retro-rocket motor
confirmed predicted trends obtained from High Altitude Temperature Simu-
lator (HATS) Chamber tests of the re-entry capsulev and fairing. These tests
indicated that the retrorocket motor would stabilize at approximately 40°F.

Transient sun effects appeared on Pass 9 data as Predicted, but they had no
significant affect on the satellite's attitude control.

Auxiliary Power

An analysis of the auxiliary power data indicated normal operation for all
electrical power system equipment. Appendix Table A. 6 is a summary of
these data and shows all voltages at or near their nominal value. Proper
operation of the +28 volt No. 2 regulator was indirectly confirmed from the
Performance of the S-band beacon. This beacon operated through the 31st
Pass at which time the vehicle battery (Prirgiary Type 1IA) was exhausted.

7-13
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300 seconds for the hydraulic battery voltage. However, from 300 seconds
thereafter, the data indicate normal operation. Also missing from telemetry
records were the 2000-cps inverter voltage and Phase AB of the 400 cps

3 phase inverter for Pass 9. Data from Pass 17 indicate that the inverterg
Were operating normally,

7-16 . -
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SECTION 8
CAPSULE PERFORMANCE EVALUATION

SEPARATION

All events subsequent to D-timer restart and initiation of the recovery se-
quence occurred as specified, and no anomalies were indicated. The me- . '
chanical separation of the capsule 'from the Agena occurred at System

Time 83705.5. At this time the following conditions existed:

Agena Position

Altitude 997, 164 feet

Geodetic Latitude 65.58° N

Longitude 171, 73% w
Agena. Vel'ocitz

Velocity Magnitude 25, 690 ft/sec

Flight Path Angle -1.041°

Velocity Azimuth 162. 54°

Agena Attitude

Before the pitch maneuver, the Agena's sun position
indicator (SPI) indicated the attitude of the satellite to
be -5 degrees nose down in pitch and +3 degrees nose
éast in yaw, where yaw is measured from the orbit
Plane (3 degrees of yaw remained constant), Agena
altitude at mechanical separation was as follows:
Pitch Attitude (measured from horizontal)
-6l1% 5 degrees
Yaw Attitude (measured from orbit plane)
3 degrees nose east + 5 degrees

(These tolerances reflect an overall uncertainty of 5 degrees
because of errors in SPI calibration, telemetry, and data analysis. )

8-1

LOCKHEED AIRCRAFT CORPORATION "S‘EGRE‘T‘ MISSILES and SPACE DIVISION



N J fy) ET
VLUN | LMSD-446240-57

Agena's attitude at capsule separation was -61.7 degrees in Pitch (specifica.
tion 60 degrees 2 degrees), -0. 4 degrees in roll (specification 0 degrees

%2 degrees), and within an estimated 32 degrees in yaw, (specification

0 degrees 12 degrees). ‘

Initial Pitch-gyro offset from horizon ag

indicated by horizon 8Canner and 8YTro position ~1.1
Pitch torque Program (+3, 55 deg/min for 17, 5

8econds) ' +1.1
Pitch torque Program (.45 deg/min for 77 Seconds) .57.7
Change in loca] horizon ~6. 2
Vehicle lagged gYro at command Separation +2.3

Vehicle Position relative to the horizon at

capsule separation -61.7

RETRO PHASE

Caesule Programmer

ances, except in the cases of the 8pin and de-spin events, Although these
two events were Dear or just outside tolerance limitg, they both fell within
acceptable Performance limits. Al times in the ejection sequencé were
obtained from "tell-talet breakwires.

8-2
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HORIZON

1.0°

VEHICLE POSITION

\/' GYRO POSITION

VEHICLE
POSITION

GYRO POSITION

6.2°

TIME X = 94.5
A TIME X =0

448240-5-022

Figure 14 Pitchdown Prior 10 Capsule Separation
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retro phase. The roll rate reached 2 magnitude of 43 TPm at the end of
8pin-up, Signal attenuation indicated an average rate of 45 rpm during
retro-rocket burning. (The Predicted valye Wwas 55 rpm. ) Findings indj.
cate the low spin rnte was due to an improper nitrugen-Freon 828 mixture,

46 Tpm,) Although the spin rate was lower than expected, capsule stability -
during retrorocket - burning was excellent. The Pitch and yaw rate gyro
readings have been analyzed angd indicate the pitch and Yaw torques due to

thrust misalignment and radial center of gravity offset did not exceed

desired direction, The roll rate after despin, ag determineq from the roll
8yro, was 10 rpm as wag Predicted. The residual roll rate of 10 rpm wag

retro-rocket burning. The +8to .2¢ g range accelerometer reading is
also Presented, although its function was to measure decelerations during
atmospheric entry, Integration of the low range accelerometer curve
indicated the retro velocity would have been 949 ft/sec if burning occurred
without Precessiona] motion, while the high-range accelerometer indicates
958 ft/sec. The nomina} retro velocity for buifning without Precessional
motion is 102] ft/sec. The values obtained by integrating the accelerometer

traces are about 6% low. (From retro balloon tests it wag found that inte-

8-5
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RE-ENTRY PHASE

Trajectory

Figure 17 presents the variation of altitude, geodetic latitude, longitude,
axial deceleration, and flight path angle with time. The circled points on
the altitude, latitude, and longitude curves are KTS tracking data corrected
for refraction. The circled points on the axial deceleration curves are
values obtained from the +8 to -20 g longitudinal accelerometer.

The continuous curves were obtained from a Computer simulation using the
8ix degrees of freedom equations of motion. The simulation was obtained _
by varying the velocity magnitude and flight path angle following retrorocket
burning until the tracking data, impact point, and time of peak deceleration
were matched.\ The initial conditions required for the simulation were ag

follows:

System Time 83617. 33
Altitude ' 987, 126 feet

Geodetic Latitude ' _ 64. 83 degrees North
Longitude 171. 23 degrees West

. Velocity _— 25, 060 ft/sec |
Flight Path Angle ~2. 89 degrees -
Velocity Azimuth 163.04 degrees .

It should be noted the velocity and flight path angle required for this simula-
tion are not exactly the values obtained using nominal retrorocket burning
starting with the initial orbit elements. ' . -

LOCKHEED AIRCRAFT CORPORATION -S_EGR-E:F ' MISSILES and SPACE DIVISION
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Would be -¢¢ degréea. Both Rumbers are unlikely, Particularly the magni.
tude which is 12 Percent below nominal,

orbitil altitude is correct) the orbita] velocity would be 25; 541 ft/sec and
the path angle would be -0.85] degree. These are ditcrepancien of approx; -
mafely 150 ft/sec in Magnitude and 0, 185 degree in direction, Errors of
this Magnitude algo appear unlikely, '

Because of the Sensitivity of the re-entry .trajectory in relation to the initia]
velocity vVector and relative inlensitivity to initia] Position, it jq likely that
the tr_a.-jectory limulation, using the Previously stated initia] conditions, jg
valid, The Problem of reaolving this initia] velocity vector into the orbit

- velocity vector and the retro velocity vector can not be resolved due tothe lack

during Te-entry. It gho be noted that no daty ig available from 83875 to -
84120 System Time which coverg an altitude range from 620 000 to
270, 000 feet. Al data after System Time 84] 29 Were obtained from the -

detrimenta] effects on the 8tability of the capsule a8 it descends through the
atmosphere, Preliminary findinga indicate that the reversal is dye toa
8-10 —
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radial center of gravity offset, the Pitch-yaw product of inertia, or the
differences in Pitch and yaw inertias.

of Figure 17 (these are shown on Figure 20), the total angle-of-attack
envelope of Figure 20 is obtained. This tota] angle of attack does not
exceed 15 degrees over the range of Peak longitudina] deceleration and

Figure 2] ig included to pPortray capsule Te-entry motion.

Heat Shield Temperatures. Measurement data indicate the following:

‘a.  Stagnation point: Within the accuracy of the data from the
8ingle resistance thermometer, no temperature rige of the
inside surface wag indicated. :

b. Skirt: Six resistance thermometers and four char sensors
: Were located in the skirt region. A} skirt temperatures

LOCKHEED AIRCRAFT CORPORATION 'S'EGR'E'F MISSILES and SPACE DIVISION
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Figure 23 Copsvle Heat Shield Skirt Temperatures
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Table 7 "
CAPSULE TEMPERATURE SENSOR LOCATIONS
: Depth From
External
Measurement Temperature Location. . Surface
Number Measurement b 4 Y z Quad (Inches)
P 13 Shield B 13.7 0.3 13.5 IV .108
P 14 Shield C 13.7 0.4 13.5 I .20k
P 16 Shield E 13.6 1.6 13.5 1III <30%
P17 Shield ¥ 13.6 0.4 13.5 III 204
P Shield G 13.6 0.4 13.5 1II .108
P21 Shield D 13.6 1.6 13.5 I .30%
P23 Afterbody Cover 0 12.5 19.6 1III, IV
P24 Stagnation Point K 2.5 0 1.2 1, IV
P25 Bucket 3 0 2 I, Iv
P 2% Bucket 12.8 o 13.5 I, IV
P27 Bucket 0 128 13.5 I, II
P 28 Tape Recorder T 1 10.6 III
P 29 Beacon 5.5 1.3 9.5 I
P 30 T/M Battery 2 b3 9.2 1I
P 66 Parachute Well 0 1.7 22,9 1I, 11
* Assuming no epoxy-polysulfide coating
8-1¢
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Preliminary data reduction indicates the angle-of-attack during significant
heating was much lower than assumed in preflight aerodynamic heating
analyses. As a result, the effect of angle-of-attack on heating was reduced.
Three other factors which could explain the low temperature rise at the
stagnation point and skirt are the following:

a. Approximately 0.07 inch of an epoxy polysulfide coating
covered the entire external surface of the main heat shield
pPrior to launch. During ascent this coating was probably
ablated from the stagnation point region, but it is unlikely
that any skirt damage occurred. Therefore, at the start of
re-entry, the skirt heat shield was probably thicker than the

design value, and the temperature and char sensors were
farther from the outside surface.

b. Higher heat-shield performance than Previously allowed for,
such as lower conductivity, higher heat capacity, and greater
fraction vaporized. :

¢. Lower-than-expected aerodynamic heating at high altitudes
due to low atmospheric density, noncontinuum flow effects, etc.

Within the accuracy of available informatibu. all data from the temperature
"and char sensors appear compatible.

Capsule and Component Temperatures. Temperature data for the bucket
and three instrumented components are shown in Figure 25 and 26. Tem-
perature rise experienced during the significant heating portion of the re-
entry sequence was negligible. This was to be expected since the bucket

is effectively insulated from the shield. After parachute deployment (and
jettisoning of the heat shield) at approximately 58, 000 feet, the temperature
of the bucket decreased rapidly to a minimum of -16°F,

The maximum temperature rise observed was 16°F for the tape recorder
during 26 minutes of operation. The higher initial temperatures for the
telemeter battery and the VHF beacon resulted from effects of internal
heaters iﬁstaued in these components.

A simplified thermal analysis of the bucket and equipment during re-entry
indicates that the equipment temperature rise (excwng thermal batteries)

8-20
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would not exceed 30°F for 25 minutes of continuous operation, It also
indicates thati interior component temperatures were unchanged by bucket
transient temperature changes because of the high thermal resistance be-
tween the components and the bucket.

PARACHUTE DEPLOYMENT

Although no instrumentation speciﬁ'cally intended to measure parachute
performance was installed, some data were obtained from pressure trans- -
ducers in the recovery capsule. Capsule internal and external pressures
were plotted (after parachute deployment) as a function of time as shown in
Figure 27, Making use of a standard atmosphere table, the altitude as a
function of time was calculated. Differentiation yielded the descent rate
versus altitude and time (Fig. 28). The descent rate data were approxi-
mately as predicted, as was the altitude of parachute deployment.

The 5g switch closed at System Time 84168. The telemetry data shows the
deceleration a'.t this point to be 4. 2g's. However, the data are noisy, and
the zero level is uncertain. It should be noted that the trajectory simulation
shows exactly 5g's at this time.

The mechanical timer switch which initiates the parachute deployment se-
quence closed at System Time 84296, exactly on time according to the spec-
ification value of 128 seconds after the 5g switch closure. From the tra-
jectory simulation, the altitude was computed to be 50, 000 feet.

Parachute Impact Point. Figure 29 summarizes the impact points and

duperston areas. The dispersion area with the nominal impact point at
24° Nlatitude and 158° 54, 4' W longitude was for pre-launch. After launch
the orbital period and regression rate were established, moving the dis-
persion area farther west.

The H-timer was adJusted several times during the flight to provide an
impact point at 24° N latitude. After Pass 16, tracking data were obtained

- 8-23
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and orbit elements were refined. Thereafter, the H-timer could no longer
be adjusted. Refinement of these data yielded an impact prediction of
24°33.7'N latitude and 161°35. 7' W longitude. Actual water impact
occurred at 25°36''to 41"'N latitude and 161°31''to 35 W. This point was
just inside the northeastern corner of the dispersion box. The time of

chute descent from 50, 000 feet was approximately 25 minutes. The winds
in the recovery area were as follows:

Altitude, ftx 1000 Wind Speed, Knots Wind From, deg
50 . 55 _ 260
45 65 260
40 65 260
35 50 270
30 32 250
25 30 250
20 , 25 230
15 16 200
10 10 200

5 5 060

Normally, these wind speeds would have shifted the impact point east of
the predicted. Factors which could have possible caused impact north of
the predicted point are being studied.

8-27
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SECTION 9
CAPSULE TRACKING AND RECOVERY FORCE EVALUATION

PRE-RECOVERY PROCEDURES -

The recovery operation was initiated and conducted in a routine manner dur-
ing pre-recovery phases. All Recessary briefings were conducted, and a
full Recovery Force was available at the time of the Discoverer XIII launch.

At the time of aircraft deployment from Hickam AFB, one C-119 aircraft
aborted its mission due to an oil leak, and one JC-54 could not participate
due to a fuel leak. Both aborts were compensated fro in a routine manner

by redeployment.of the Recovery Force as specified by Planning directives.

Changes in predicted impact location after Passes 1 and 2 through Pass 16
were small enough to allow all Force components to deploy properly prior
to ETPD. Minor equipment discrepancies were reported prior to ETPD by
airborne units, but all malfunctions were satisfactorily corrected prior to
ETPD.

CAPSULE RE-ENTRY TRACKING

The flight objective of "To adequately track the re-entering capsule for come-
puted impact point Prediction" was attained by the'combined tracking of the
Agena vehicle prior to separation, tracking of the capsule S-Band beacon,
tracking of the telemetry and VHF beacon transmitters, and by radar track-
ing of the chaff cloud and reflective parachute.

The S-Band Beacon Tracki‘ng_

The capsule S-band beacon was turned on by the D-timer shortly before cap-
sule separation. The KTS VERLORT radar was actively tracking the Agena

9-1
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vehicle and interroga.ting the Agena beacon in Code 1 at this time. Prior

to separation, the KTS radar was switched to Code 5 interrogation and began
active tracking of the capsule beacon. Several data points were received
from the capsule beacon prior to Separation, four data points were received
during the retro phase of the flight, and 68 additional data points were re-
ceived before KTS lost contact with the beacon. '

A total of 34 invalid data points were obtained, indicating that radar track-
ing was at least 53 bPercent effective. If only the Te-entry points are con-

at ranges up to 728 nautical miles.

The radar data were used by the Palo Alto computer facility on two differ-
ent types of computing programs for Predicting the impact point. Ag the
actual time of retrorocket firing was not immediately known, the first
calculations were based on a nominal firing time. While the points com-
puted by the two methods agreed favorably with each other, they were 75
nautical miles from the actual impact point. Later computations were
made using the correct rétrbrocket firing time, and the eérrors were meas-
urably less. Other computations were made by combining the HTS TLM-18

operation, however, if a correct retrorocket firing time is known, the com-
putations can be made in 15 to 25 minutes.

HTS did not acquire the capsule S-bang beacon. That station's VERLORT
radar searched for the capsule beacon in Code 5 interrogation from System
Time 83965 to 84140, The radar was then switched to Code ] interrogation

LOCKHEED AIRCRAFT CORPORATION —S'EG‘R‘E'T‘ MISSILES and SPACE DIVISION
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located 552 nautical miles from Hawaii at the time the radar stopped search-
ing for the capsule beacon. The c#psule was at an elevation of 220, 000 feet
above the earth's surface at this time, and the elevation angle from HTS

was -0. 89 degree. The extreme range and unfavorable elevation angle
would have prevented HTS from acquiring the capsule beacon if it was
transmitting at this time. '

Telemetry Transmitter Tracking

The capsule's telemetry transmitter was received by KTS, the northern
WV-2 aircraft, BSTS, HTS, and the Haiti Victory. Al retro-phase events
were observed by both KTS and the WV-2 aircraft, and the first report of -
contact near the recovery area was from BSTS. BSTS reported contact at
Systems Time of 84200, HTS at 84201, and the Haiti Victory acquired a
strong signal at 84280. HTS conducted antenna lobing tests immediately

after acquisition, and the signal was strong enough to provide usable data
at approximately 30 seconds after acquisition.

The HTS TLM-18 tracking data proved to be highly useful in later re-entry
Computations, however, the BSTS aximuth information was found to be in
error by approximately 8 degrees. At the time HTS acquired the signal,

the slant range was 360 nautical miles, the capsule was 135, 000 feet above ,
the earth!'s surface, and the elevation angle from HTS was 0.5 degree. When
HTS écquired strong signals 30 seconds later, the slant range was 324 nau-
tical mi’lés, the capsule was at an altitude of 102, 000 feet, and HTS's eleva-
tion angle was +0. 26 degree. Insufficient information exists for accurate

rate approximately 100 seconds prior. to acquisition by the ground stations
and, if the antenna was at an unfavorable angle at this time, little energy
would be radiated toward the ground stations. '

9-3
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VHF Beacon Tracking

Signals from the VHF beacon were received by KTS, HTS, BSTS, the

Haiti Victory, and by allC-119/C-130 aircraft of the Recovery Force. How-
evei', HTS successfully tracked the beacon for over 1,500 seconds. Class A
contacts were reported by the Haiti Victory and by six of the RC-119 aircraft,
some of which were approximately 200 nautical miles from the capsule.

Contact was not made by one RC-119 which was approximately 250 nautical
miles from the capsule. All stations reported that the frei;uency of the
beacon was approximately 1 megacycle above nominal while the capsule
was in the air. The frequency of the beacon was found to have shifted
upward an additional six megacycles after the capsule entered the water,
Tracking of the VHF beacon was highly successful.

Chaff Cloud and Parachute Tracking

The chaff cloud and the parachute were successfully tracked by the SPS-8A
radar aboard the Haiti Victory. This radar, operating at a frequency of

approximately 3500 megacycles, acquired the chaff cloud first and observed
the parachute a short time later. This tracking was accomplished at a

range of approximately 100 nautical miles, and the two targets were |
separately distinguished. The chaff cloud was tracked for a total of approxi-
mately 45 minutes, and the parachute was tracked from shortly after
deployment until it descended below the radar horizon.

The RC-121 Command aircraft (No. 1, Figure 5) was approximately 130
nautical miles from the point of parachute deployment but was unable to
positively bic'lentify the target by radar. The effectiveness of the aircraft
radar was seriously 'hampevred by the heavy clouds at altitudes up to

24,000 feet. This aircraft remained on station and received radar informa-
tion in the form of azimuth, elevation, and range from the Haiti Victory.

This information was Plotted on charts and used to direct other elements of
the Recovery Force. The radar information was later proven to be accurate
to within two miles of the actual water impact point.

9-4
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CAPSULE TELEMETRY DATA ACQUISITION

The only surface stations to acquire the capsule telemetry were KTS, HTS,
BSTS, and Haiti Victory. (KTS performance is discussed under re-entry).

No other surface stations and no airborne units acquired the capsule
telemetry due to the northerly impact of the capsule. The JC-54 No. 1
aircraft acquired a signal on a frequency of 223. 2 MC, which was recorded,
but it was an extraneous signal. Christmas Island reported one capsule
beacon acquisition, which was Probably an extraneous signal. The Dalton
Victory recorded a signal which was subsequently proven to be the Agena
telemetry. HTS and Barking Sands tracked and recorded the capsule
transmissions on a triangulation basis for 520 seconds. The stabilized
bearing of HTS (after capsule parachute deployment) was in a direct line
with the descending capsule. The Barking Sands data, however, was 8 de-
grees in error. After loss of signal by Barking Sands, HTS continued to
track the descending capsule until 85790 System Time. The Haiti Victory

tracked and recorded capsule transmissions during the recovery phase.
The bearing information from the ship appears to be accurate déspite the
limitations of its azimuth indication system. The WV-2 aircraft obtained
a DF bearing that was almost directly in line with the point of final impact.

OPERATION OF RECOVERY FORCE AIRCRAFT

The chaff was not radar acquired by the searching RC-121 aircraft. After
initial acquisition of the capsule's beacon by the C-119 aircraft, RC-121

No. 1 observed an occasional, poor-quality i-ada.r return in the impact area.
This could have been return from the metallized parachute since the com-
bination of the extended distance of the aircraft from the parachute and the
small reflective area of the parachute would produce a Poor radar target.
The return was not of sufficient strength to warrant recording.

The capsule beacon operated well. It was recorded by all C-119 aircraft,
the C-130 aircraft, one Viétory'ahip. HTS, and Barking Sands. Because

9-5
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of the negative chaff Teports, the beacon was the primary means of vectoring
to the impacted capsule. No problems were encountered, and the C-119
counterpart (FLR-2 equipment) of the capsule VHF beacon was sufficiently
accurate to bring the aircraft into the proximity of the capsule. Then, by
maneuvering, the aircraft were able to home directly to the capsule,

C-119No. 1 experienced a saturated ‘aignal upon initial contact. Reports
indicate that reducing the receiver g2in failed to alleviate the condition.
Because of this, and because of an RC-121 Possible target, the aircraft
was vectored to the possible target, which proved to be a towering cumulus
cloud. The C-119 wag then able to obtain a bearing on the beacon signal
and home on it -- too late for an aerial recovery.

At acquisition (and saturation), the C-119 was 24 nautical miles from the
final impact point. The errors involved were twofold: (1) The C-119 did 4
not report its acquisition and saturation signal, and (2) In error, the
RC-12]1, knowing the bearings of all the other force components, sent C-119
No. 1 to the nebulous target 90 degrees from all other'vreported bearings.
Had the status of the C-119 signal been known, the RC-121 would have been
less likely to send the C-119 to the west, since the C-119 wasg Probably
nearly under the déscending capsule.

Capsule beacon bearings were recorded from distances of 600 nautical -
miles (Class A bearings from 500 nautical miles while the capsule was

in the air) and from 60 nautical miles while in the Water. The.ﬂashing -
lights operated satisfactorily and were seen from 1/2 nautical mile and
300 feet altitude while the capsule was in the water. The impacted capsule
and parachute were sighted from 7 1/2 nautical miles and 1,000 feet
altitude. '

One of the two RADARCs dropped at the point of impact resulted in Class A

beacon bearing. Several smoke bombs were also dropped in the area as -
markers. '
9-6 -
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RECOVERY AIRCRAFT COMMUNICATIONS

Communications during the operation were generally good. The single-
sideband installations in the RC-121 aircraft were not at their optimum
level of operation, although they were workable. Operator inexperience
was probably the cause for this. The sets were turned off for most of the
operation; thus, the capability could not be thoroughly checked. Some
extraneous communications were noted during the early stages of the opera-
tion between the RC-121 and C-119 aircraft. Since most of the RC-121
crews were relatively or completely new for this operation, it is presumed
that their unfamiliarity with procedures caused the circuit overloads. With
increased operator knowledge and familiarity with the recovery operation,
these probleml should diminish.

PAYLOAD RECOVERY

The 11 August recovery of the Discoverer XIII Agena 1057 recoverable
capsule was the first successful recovery of a Discoverer Agena payload
from orbit. The recovery was basically successful in all aspects, with
the exception of intended aerial recovery. However. water retrieval was
~satisfactorily accomplished.

OPERAT_ION OF SURFACE RECOVERY UNITS .

The Dalton Victory was not called upon as a recovery unit because of its
remote position with respect to the impact poiht. The Haiti Victory, the

recovering ship, headed for the impact point immediately upon capsule

signal acquisition. Because of the distance from the ship to the capsule,

the two helicopters aboard were sent to retrieve the capsule from the

ocean. Capsule retrieval and return to the ship were routinely accomplished.

9-7
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WEATHER CONDITIONS DURING RECOVERY

Data obtained from commercial aircraft passing through the recovery area
Prior to Force deployment indicated that weather in the area might be worse
than predicted. During recovery, weather in the northern area was gener-
ally as forecast except for the middle layer of clouds. Weather in that area
consisted of low; scattered clouds from 2,000 to 4,000 feet, middle-layer
clouds broken to overcast from 10,000 to 14, 000 feet, and high, broken
clouds from 35,000 to 40, 000 feet. Visibility in the area was 10 to 15 nau--
tical miles, rain showers were reported, and cumulus buildup to 22,000 feet
Wwas encountered on the western edge of the area. This limited somewhat
the effectiver;ess of the C-119 and RC-121 aircraft. No inversion layers
were reported in the area by the RC-121 aircraft. Cloud buildup produced
Teturn on the RC-121 radar system, which made searching for capsule chaff
difficult because of scope clutter and because of the similarities bétween
cloud and chaff radar return. The C-119 aircraft were not seriously handi-
capped by the weather, although it did reduce their altitude visibility, Fly-
ing under the clouds required too low an altitude (1, 500 feet in some in-
stances). -

Weather in the southern area was excellent as was forecast. Wind conditions
‘have been described in the paragraph discussing parachute deployment.

OPERATION OF HAWAII CONTROL CENTER

Operation of the HCC was normal, and control of the Force was exercised
at all times. The Center was occasionally burdened by the excessive num-
 ber of personnel required for its operation. This is due mainly to the in-
creased complexity of the diagnostic recovery configuration and should be
alleviated when normal operations are resumed and some of the special
tasks imposed upon the HCC are eliminated. '
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Codes used for the Operation were in some cases dropped in favor of clear
text messages between the HCC and STC, This is a compromise which will
undoubtedly be eliminated during future Operations,

Debriefings were generally accomplished satisfactorily, although some were
delayed by conflicts with other briefing, Others Wwere delayed by expected
conflicts caused by news conferences being conducted at the same time as
the technical debriefings. '

Only limited information on capsule condition was obtained. This was due to
the immediate departure of the capsule's courier from Hawaij after the cap-
sule's arrival from the Haiti Victory, Immediate technical inspection of

the capsule, as required by Discoverer Planning documents was, therefore,
not accomplished, ‘

9-9

LOCKHEED AIRCRAFT CORPORATION SEG ” E I MISSILES and SPACE DIVISION



r——wp

LMSD-446240-57

SECTION 10
GROUND SYSTEMS EVALUATION

Ground system elements eatiafactorﬂy accomplished Prelaunch, launch,
ascent, orbit, and Tecovery operational functions, Tracking and telemetry
data obtained by the tracking stations during the operation were of good
Quality for on-line evaluation, orbital computations, and Post-flight
analysisg,

SATELLITE TEST CENTER

System operations were well conducted by the STC. Direction of Iaunch,
orbit, and recovery operations by the System Test Director was efficient,

The voice communication and 60 WPmM lines were intermittent between the
STC and KTS (outages at several random points) during the countdown
and through the remainder of the day. A list of malfunctions appears in
Appendix Table A, 7,

10-1
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SYNCHRONoOUS OPERATIONS ANALYSIS

as generated by the PACC. The Proper recovery passg Position of the north -
erly wyv.2 aircraft was issued after Pass 2. Orbital timer drift wag de-
termined tg be negligible._

angle tracking data to generate the last two ETPD Predictions, Sightings
by the Haiti Victory and C-119 and wv-2 aircraft were employed to deter-

Overall Performance of the SOA was highly satisfactory, -
PALO ALTO COMPUTER CENTER -
The computer facility at Palo Alto wag Successfully utilized &ui-ing pre- —

launch, orbit, and re-entry Operations, Readiness tests were conducted
and all systemg were reported as being ready,

Launch data Was received from MTS and VTS, with the MTS data used to
Predict acquisition timesg for Pass 1, Based on launch data, the pPeriod o
Was predicted to be 92,3 minutes. After Pasgs 1, thig Was reviged to 94, ]
minutes. (This error is attributed to a temperature inversion which af- -
- fected the radar data, ) ‘ ' 7
10-2 | | -
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The re-entry trajectory and impact area were predicted accurately and the
data were used to deploy effectively the Recovery Force. The time for
i-etro ignition had to be assumed as nominal due to lack of an immediate »
Precise time. The Te-entry data from KTS Was used to predict the impact
point. The data from HTS could not be used due to extremely low elevation
angle of the orbiting Agena. The computer predicted the impact point at
50,000 feet altitude, which was only 49 minutes of Iatitude from where the
capsule was recovered from the water.

HUMAN FACTORS

Personnel Performance was monitored by human factor engineers at VTs,
KTS, and at the STC. No problems of note were reported.

TRACKING STATIONS

Tracking station perforﬁxance was excellent, Specifically, all Pre-recovery
commands were successfully transmitted, received, and v;erified; no diffi-
‘culty was encountered in cdmmanding the Agena; see Appendix Tables A. 8
and A. 9, VERLORT and TLM-18 tracking data were of high quality, a re-
sult of a stable satellite attitude and Properly Operating radar beacon and
telemetry transmitter, The quality of the space position data generated by
the tracking station network is indicated in Appendix Table A. 10,

Thor and Agena Performance. Usable data on launch was received from
liftoff until T + 784 seconds. - Figure 30 shows VERLORT and telemetry
coverage during laung:h and ascent, Orbital contacts, acquisition and fade
times, and duration of tracking for each station on all pasges through
Pass 32 are summarized in the Orbital Contact Summary, Appendix
Table A. 11, |

10-3
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BSTS, with supplement’ary coverage Provided by the wv-2 aircraftkstationed
under the capsule 8eparation point, Capsule telemetry signal Strength was
strong, ag Opposed to Previous Operations, Tracking station coverage of
the capsule transmitters jg shown on Figure 31, A uni-helix antenna and
ground station facilities at LMSD Sunnyvale made near real-time evaluation

16 and 30, For pag, 15, VTS had been designated by the STC to actively
track, However, VTS had difficulty in obtaining radar lock; the beacon
return indicated that it was in the wrong range gate, Since VTS wag having
difficulty, STC directed MTS to go active and VTS to 80 passive, Records

| a)
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during Pags ]5, Out of 123 points of VTS TLM-18 data transmitted to
PACC, 55 points were useable for updating the ephemeris.

Performance of station equipment was satisfactory at MTS during launch
and subsequent orbital passes. Radar beacon returns were acquired 20 .
8econds after liffoff, automatic track was achieved at T + 41 seconds, and
contact maintained unti} T + 518 seconds. |

Commands 5 and 6 were Properly computed and transmitted for durations of
50 and 13 seconds respectively. No radar interference occurred during
the track.

Orbital tracking was algo maintained on Pagges 8, 9, 15, 16, but the station
had difficulty obtaining active radar lock-on during Pass 15 and did not obtain
solid lock-on until a few seconds before the pPlates were turned off,

No radar acquisition Was achieved on Pagg 16 due to the satellite's low
elevation angle.

Downranse Telemetry Ship

Performance of the downrange AG-161 telemetry ship wasg sa.tisfactory
during launch Operations. Telemetry contact was achieved at T + 260 and
sustained until T + 784, The ship provided Positive verification of success-
ful Agena reorientation (yaw-around) and +3. 55 deg/min pitch rate.

Kodiak Trac king Station

LOCKHEED AIRCRAFT CORPORATION VJLUNLC MISSILES and SPACE DIVISION
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8cheduled passes (Passes 1, 2, 9, 10, 16, 17, 24, 25, 3] ang 32). A1n
equipment functioned normally except for the ART, (Automatic Range
Tracking) unit which Was replaced after Pass 2 dye to "jitter® in range.

Tracking was satisfactorily accomplished on all scheduled basses, although
CWAT signal strength was Feported low on several passes.

" On Pass 17, KTs VERLORT radar interrupted the satellite's S-band beacon

for approximately 70 seconds to 83630 System time, changed their pulse

imately 12 seconds later and tracked it for approximately 235 geconds before
signal fade. KTS acquired the Ccapsule's telemetry signal for 352 seconds
before fade. A time history of i'aw polar data (azimuth, elevé.tion. and
range) generated by KTS as the station tracked thé capsule S-band beacon

is shown in Figure 33, '

For the first time, Agena telemetry data were transmitted from KTS to
LMSD Sunnyvale by telephone line. Data £r6m two commutated Agena
channels were transmitted after Pass 2, and data for the same channels
Plus capsule Channels 18 (commutated) and 13 (continuoua) were sent after
Pass 17, Transmitted data were of generally good quality, although coded
time was somewhat noisier than expected. Within two hours after KTs
acquired the vehicle on Pass 17, reduced capsule telemetry data were
delivered to LMSD test evaluation personnel in Sunnyvale, This method

LOCKHEED AIRCRAFT CORPORATION S-E—CR-E—T— MISSILES and SPACE DIVISION
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was 559 geconds. ‘Maximum elevation angle of the TLM-18 antenna was
approximately ] degree. The raw capsule-tracking data from the HTS
TLM-18 is shown in Figure 34. Vehicle tracking was effected on Passes 1,

2, 9, 10, 17, and 32,

USS Joe E. Mann
\

The recovery telemetry ship was stationed at 7° N latitude, 160°50" W
longitude. for the recovery pass. Orbital contact with the Agena satellite

Was made on Passes 1, 9,
sule transmitters on Pass
the actual Tecovery area,

and 10. No contact Was accomplished with cap-
17 because the ship was stationed far south of

BarMande Tracking Station

The recently activated tracking station at Barking Sands (BSTS), Kauai
Island, Hawaii, was utilized to track capsule signals during the recovery

pass. Capsule telemetry was acquired and sustained for 520 seconds. A

azimuth bearings was in error by approximately 8 degrees. (A study is

being conducted to determine the error's source. )

No acquisition of capsule telemetry was reported from either South Point

or Christmas Island stations, although all equipment was Operational. Post-

flight evaluation of the re-

entry trajectory shows that the capsule did not

appear above the tangent plane of either station,

New Boston Tra.cking Station

Station at New Boston, New Hampshire. P;a.sees 6, 7 and 29 were tracked,

LOCKHEED AIRCRAFT CORPORATION
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using the CW acquisition transmitter signal; no contact was made with telem-
etry or radar because they were not programmed to turn on by the orbital
timer during these passes.

" WV-2 Telemetry Aircraft

An aircraft equipped for telemetry reception (WV- 2) was deployed in the
vicinity of HTS to receive and record capsule telemetry data. The WV-2
Was on station during Pass 17 when satellite and capsule telemetry signals
strength records were made for 645 seconds. Performance of the system
in receiving the telemetry signals is illustrated in Figure 35, where the
signal strengths, recorded on a six-pen recorder, are given. B

GROUND SUPPORT EQUIPMENT

Blockhouse

Equipment at the blockhouse functioned aatufactorily during countdown and
launch.

Launch Area

No serious Agena GSE problems occurred at the pad. During Phase I of the
terminal countdown, a malfunction light on the Douglas Launch Monitor
Console ht, and personnel were sent to the DAC pad electric trailer to trace
the faulty circuit. A Power supply circuit breaker was reset and no further
trouble was encountered.

Pad Da.mage

Blast and flame damage at liftoff was confined to the usually expendable
equipment as air conditiomng ducts, hydraulic flex lines, and electrical
w1rmg

10-13
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SECTION 11
OPERATIONS SUPPORT EVALUATION

Adequate support was pProvided by the following participating agencies:

6594th Test Wing

1st Missile Division

Alaskan Air Command

Space Track

Lookout Mountain Laboratories
Pacific Missile Range

Flight Test Working Group, VAFB
Douglas Aircraft Company

LMSD Data Services

LMSD Palo Alto Computer Center
6594th Recovery Control Group

Ascent, orbit, and fecovery data were received on time, with the exception
of the 30 hour shipment from VAFB. The C-47 dispatched by 6594th Test
Wing was held at VAFB by weather conditions and the shipment arrived in
Sunnyvale 15 hours la.te..

For the first time, part of the Pass 17 data from KTS was transmitted by
telephone line, Permitting early evaluation of re-entry events.

A receiving station was newly activated by LMSD Data Services in
Sunnyvale to provide early launch and orbit data,

11-1
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Table A. )]

AGENA 1057 WEIGHT STATEMENT

PREDICTED . ACTUAL
Sub-totals Totals Sub~totals Totals
| (1v) (1b) () (1)
Agena Weight Empty 1943 1944
Add
Oxidizer 4801 4801
Fuel : ‘ 1870 1868
Gross Weight-Thor Payload 8614 8613
Less
Adapter and Attachments ' 149 149
Retro Rockets 16 16
Destruct System T - T.
Separation Weight v 82 84l
Less ’
Horizon Scanner Fairing 2 2
Control Gas Expended During Coast 3 1
Ullage Rockets and Attechments 38 38
Engine Ignition Weight : ' 8399 8400
Less
Starting Charge 2 2
Nozzle Closure 3 3
Oxidizer Pre-flow 5 5
Impulse Oxidizer 2 2
Impulse Fuel 1 1
Thrust Attaimment Weight (90% P c) 8386 , 8387
Less : :
Impulse Oxidizer 4720 ' 4702
Impulse Fuel 1816 1810
Control Gas Expended During Boost : 2 1
Burnout Weight ‘ : 1848 - 187
Less
Vented Residual Propellants 127 149
Vented Helium 5 5
Weight Empty on Orbit (With Control Gas) 1716 1720
Less : _ ’
Attitude Control Gas 32 35 :
Weight Empty on Orbit (Gas Expended) C . 1684 1685

A-1
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Table A. 2
CENTERS OF GRAVITY AND MOMENTS OF INERTIA

LMSD-446240-57

Condition

C.G. Location - inches

M.I. - Slug Fta

X Y Z I, Iy I,
Liftof? 0 +0.01 797.0 808,776 808, T76 3,285
Booster Burnout +0.09 4002 646.6 38,908 361,908 2,079
Separation -0.05  +0.04  361.3 2,184 2,199 130
Engine Ignition -0.04k  +0.04  360.8 2,099 2,112 126
Engine Burnout =0.16 ~ +0.20  354.7 1,715 1,729 127
On Orbit - No Gas +0.15  +0.24  349.5 1,558 1,570

123
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Table A. 4

LMSD-446240-57

SUMMARY OF CRITICAL DATA

LOCKHEED AIRCRAFT CORPORATION

A-4

SECRET

Prelaunch
Event Predicted Actual

Liftoff Weight (1b) 117, 538 117, 260
Thor Payload Weight (1b) 8,614 8,613

Agena Dry (1b) 1,943 1, 9kh

Agena Oxidizer (1b) L, 80 L, 801

Agena Fuel (1b) 1,870 1,88
Launch Azimuth (deg) 172 17Tk
Thor Roll Program (deg) b6.5 1S
Thor Main Engine Cutoff »

Time (sec) .164.5 163.0

Altitude (mm) - bk, ko 47.0

Velocity (Inertidl). (ft/sec) 13,613 13, 588

Flight Path Angle (Inertial) (deg) 20.22 22.06

Range (nm) 82.16 79.8
.Thor Vernier Engine Cutoff

Time (sec) 173.5 172.47
D-Timer Holad:

Start (sec) 221.0 221,31

Stop (sec) 258.78 27291
Command 5:

Start (sec) 223.0 223.64

Stop (sec) 258,78 272.91
Command 6:

Start (sec) 258,78 272.91

Stop (sec) 274 .60 285.94
Start Separation: '

Weight 8, bk2 8, 4k

Time (sec) 181.0 1815

MISSILES and SPACE DIVISION
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" Table A. 4 (Contihued) :

LOCKHEED AIRCRAFT CORPORATION

A-5

—SECRET

’ Prelaunch
Event , Predicted Actual
Agena 90% Thrust Attaimment:
T{me (sec)(l) 288.23/302.1 302.45
Welght (Ib) 8, 386 8, 387
Altitude (nm) 110.32 125.8
Veloecity ( inertial) (ft/sec) 12, 722 12, 501
Flight Path Angle (1nertial) (deg) 8.33 8.5
Range (nm) 329.79 35h.2
Orbital Boosgt: .
Burning Time (sec)(l) 121,93 118.97
Average Flow Rate (Total 1b/sec) 53.44 5k.73
Specific Impulse (sec) 277.5 280.0 -
Horizontal Velocit -to-be-gained(a)
(inertiel)( ft/aec){m Cp to 70% Cp) 13, 366/13, 515 13,450
Agena Burnout : :
Time (sec)(l) h10.21 ho1. 42
Weight (1b) 1,870 1,874
Altitude (mm) 124 139.7
Velocity (1nertial) (£t/sec) 25,900 25,786
Injection Angle (1nertial) (deg) 0 +.18
Range (mm) , 66T.28 679.2
Longitude (Geodetic) (deg) 119,200 119.58%
Latitude (Geode'lj.ic) (deg) 23.67N 23.56N
Initial Orbit Parameters: o .
Eccentricity .0323 - 0326
Perigee Altitude ( rm) 124 137
Perigee Longitude (Pass 0) (Geodet:lc)(deg) 19.2w 119.8w
Perigee Latitude (Pass 0) (Geodetic)(deg) , 23.7N 23.4y
Apogee Altitude (mm) | 361 3719
" Apogee Longitude (Pass 0) (Geodet1c)(deg) 49.1w 484y
Apogee Latitude (Pass 0) (Geodetic)(deg) 22.98 25.4s
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‘Table A. 4 (Continued)

Prelaunch
Event Predicted Actual
Period (minutes) 93.50 94,1
Inclination (deg) 81.69 82.87
Enpty Weight (with gas)(1b)(3) 1,716 1,720
Expected Lifetime (days) 25 (cug&ht ed)
Average Regression Rate (17 passes)(deg/orbit) 23.49 23.65
Re-Entry:
Retro Ignition Longitude (Geodetic)(deg) 168.05w 171.2W
Retro Ignition latitude (Geodafbic)gdeg) -60.63N 65.28
Impect Longitude (Geodetic)( aegz(l’ ' 158.91W/161.58w 161.57TW
Impact Latitude (Geodetic)(deg) fh.oon/ah.oon 25.6N
Re-Entry Pass
T/M Ship Location (at launch):
A 161 16N 117.7W On Station
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DISTR.IBUTION

Addreslee

Commander

Air Force Ballistic Misgsile Division
Attn: WDAT

Air Force Unit Post Office

Los Angeles 45, California

Air Force Plant Repreaentative (SMAMA)

Sunnyvale, California

6594th Test Wing (Satellite) (ARDC)
Attn; TWRAT

Satellite Test Center

Bldg, 171, Plant 1

Sunnyvale, California

6594th Recovery Contro} G-roup
6594th Test Wing (Satellite) (ARDC)
APO 953, San Francisco, California

Vandenberg AFB, California

6594th Launch Squadron (ARDC)
6594th Tegt Wing (Satellite)
Vandenberg AFB, Cali

AFBMD Field Office
Attn: .

Commander
Pacific Missile Range
Attn; DCOS-AF

Col. 8. G. Curtis

. USN Missgile Test Center
Muguy, California

D. McCallum
Douglas Aircraft Company
Space Systems (Systems Test)
3000 Ocean Park Blvd.

Santa Monica,‘ California

LMSD Organizations
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Quantity

25
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Date

10 August
10 August

10 August

10 August

10 August
10 August
10 August

LOCKHEED AIRCRAFT CORPORATION

LMSD-446240-57

. Table A.7

COMMUNICATION MALFUNCTIONS

FDT
0650 - 0730
0812 ~ 08L40
0810 - 0819
0812 - 1055

0828 - 1232
0955 - 104k

0k -
out launch

1055 - 12ks

1055 - 1235

1405 - 1430
2220 - 2250
1335 - 1430

1500 - 1530
2315 - 2327
1235 -

2012 - 2015
1020 - 1115

NBTS voice line noisy
KT8 60 WPM TTY running open (out at Anchorage)

.VCC Hot line connection dead

KTS voice line dead (All voice comminication be-
tween UsS.and Alaska lost at 0812)

WV-2 No. 8 aircraft single sideband inoperative
VIS 100 WPM garbled

VIS Doppler coder out

KIS voice line weak but clear. Operable after
12k5

NBTS 60 WPM TTY garbled between San Jose and
Oakland v

STC plot board TV camera out of synéh
KT8 experiencing cross-talk on voice line

NETS voice line out East to West (reception
acceptable West to Bast), accepted for Pass 16

NBTS voice line out East to West
KT8 60 WPM TTY had "hits on line"
PACC's 60 WPM TTY running open

KTS 60 WPM TTY running open
KTS voice line out

Note: New lochn (NBTS) was not in eperational stetion bur was in checkout stage
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Table A. 8
ORBITAL TIMER EVENTS

Event System Time {Second.sz Resultant Observing
Conpputed Observed Period Station
(ACQ) (TWX)

Orbital Timer Start T4hs53 D-5611
B, T/M Plates 0ff 75187 D-5611

PASS 1 -
B, T/M Plates on
and Reset Enable 79493 D-5611
Two Step Commands T4852 I-5632 KTS
Reset Monitor On 19727 79720 I-5632 KTs
Reset Command 79799 I-5632 KTS .
Two Step Commands , 79909 1-5632 KTS -
Reset Disable ang
B, T/M Plates Off 80545 D-5653 _

PASS 2
B, T/M Plates On
and Reset Enable - 85261 D-5653 -
Reset Monitor On 85452 . 85441 D-5653 KTS
Reset Commsnd 8541 D-5653 KTs -
1 Step Command ' Unknown D-5643 HTS
Reset Disable and ' .

| B, T/M Plates off 86193  D-5643 =

PASS 8
B, T/M Plates On : -
and Reset Enable 31297 D-56L3
Reset Monitor On 31532 31539  Da5643 VIS
Reset Disable ang : ‘
B, T/M Plates Off 31798 D-5643 '

PASS 9 -
B, T/M Plates On
and Reset Enable 36939 D-5643
Reset Command 37170 D-5643 VTS -
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Table A, 8 (Continued) -

System Time Seconds Resultant Observing
Computed Observed Period Station
(AcQ) (Twx) a

Reset Monitor on 37170 371170 D-5643 VTS
Reset Disable and
B, T/M Plates o 37TTh | D-5643

PASS 10
B, T/M Plates on
and Reset Enable L2l - D-5643
Reset Monitor on haske ka6, D-5643 HTS
Reset Commang Loghy D-5643 HTS
Reset Disable ang ,
B, T/M Plates ofr 43356 -D~5643

PAsSS 15 ‘
B, T/M Plates on
and Reset Enable 72164 D-5643
Reset Commang ' 72337 D-5643 KTS
Reset Monitor on - TR337 72337 D-5643 KTs
Reset Disgble and
B, T/M Plates orf 72882 D-5643

- PASS 16
B, T/M Plates n ' ‘
and Reset Engble TTT4s _ D-5643
Reset Monitor On T7979 77975 D-5643 KTS
Reset Cammang ‘ T7979 D-5643 KTS
Reget Disable ang
| B T/M Plates ofr 78524 _ D-5643

PASS 17 '
B, T/M Plates 0n '
and Reset Ensble - 83386 D-5643
Reset Monitor On 83621 83616 D-5643 KTS
Reset Disable ang . : :
B, T/M Plates ofs 84372 D-5643

NOTE: Computed times ere based on the nominal timer peried, proflighs celibrations, ond observed
switching operetions. :
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Table A.10
TRACKING STATION POSITIONAL DATA QUALITY

Percént

Data Usable Points Used Deviation Usable

zass Station Source Points Points in Fit ‘ gn.m.! " Data

1 KTS Mod II 113 78 57 2.27 73.1

2 KIS Mod IT 8 23 19 1.38 82.6

2 HTS Mod II 147 58 " 0.88 75.9

8 VT8 Mod II T2 T2 65 1.19 90.3

9 VTS Mod II 100 75 73 1.22 97.3

9 KTS Mod IT ° 145 89 69 1.34 T7.5
10 H'S  Mod IT 29) 125 85 1.33 68.0
10 KTS Mod IT 91 82 52 1.30 63.4
15 VIS TI#18 123 75 55 - 1.5 73.3
16 KIS  Mod IT 134 85 9 0.63 92.9
17 KIS  Mod II g7 33 25 - 75.8
Refinitions

Totel Points: All eximuth, elevetion, range, ond time deto words generated by the tracking stations.

Usable Peints;: Tetal points after rejection of dete words below 6 and abeve 85 degrees, when redar was not
locked on, or obvieutly bed points.
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Table A. 11

ORBITAL CONTACT SUMMARY
(System Time - sec)

CW ACQ. TRANEMITFER TELOGTER RADAR
Pass Station Acquire Fude Duraticn Acquire Pede Daration Acquire PFade Duration
Launch M8 Te30k  THTBO s TH780 44 Tha92 Th2gk ko8
Lawnch g 161 unknown Th53% _'ROSB 52k No Radar
Launch Vvrs ™eTS THTTS 500 TT5 500 Th2TS Thhoh 209
1 XT3 80092 552 540 80089 7955 79970 157:]
1 BPS gfé.g 8ok26 246 872153 8oksk 3’:19 8023 80399 156
1 vIs 80162 8obk11 249 80162 B8okk1 249 NA
1 E. Mamn| Sohok 80696 272 ' | Bolkak 8ossh 130 Formal
2 X8 85212 85632 380 | 85263 8s6s0 MA ) 85365 ascor 322
2 HTS 85787 adero A92 85765 86190 has 85790 86190 koo
6 neTs 20081 20795 T ' .7 HA
V8 25436 eshho . M XA
:r’ WBTS 25815 264hh 629 M NA -
8 ] 31203 3917 T 31312 31802 490 12 31802 k9o
8 vTs 31203 3970 %7 NA i 31521 31808 283
9 s 52 37540 588 36945 3T5h0 595 3703% 371550 51
Bl E BBRE ™I -
o8 B.
9 HTS 36413 37006 93 3667 3733 649 NA -_—
10 Joe E, Mann| 42086 ho910 8sh YY) k51 Fo Radar
10 HTS ho2bo  M3090 850 hoh15 43008 683 hebl2 42o6h 552
10 XT8 42889 43605 T16 h2889 A3353 b6k h3021 43353 33
n KT b8729 k9263 5% HA A —
15 KT8 T2Uk7 T24B2 335 T2178 TokB2 30h T222T T2k58 23
15 VI8 T25h1 TI021 k80 T2541 T2680 339 T26T5 T2T05 K
15 ms T2579 73029 A50 72579 T20716 297 RA
16 K18 TI786 8312 TTI87T 7832 TT809 —_—
16 s T8h07 77&93 5%2 T8h07 77&& 53 783% o3
16 s T833%0 T86TS A5 | 7820 T8RO 190 | 18M07 78mIS m
17 8388 855 h6T 83488 8 A6T 83570 83630 o
17 mrs 8ho1k Bhss2 538 8horh 8&3952 538 8h156 83t 213 —
2h v ] 3L 36120 519 35541 35978 h37 35568 35973 bos
25 s 31108 M1gok 6 Mais - x15s2 437 1145 Misky hol
26 XT3 k6907 NTHE2 515 46910 Mrk72 | 562 46956 Nh7u30 b -_
29 XBTS 65157 65428 n . 7Y NA
i1 vIs TOTS1 Tiig9 »o8 T0963 T1206 2h3 7093k 71184 190
N o] 76520 508 73 NA
© 32 8 82237 82768 _ 82228 Bakoh 176 NA -
32 <. ] 81713 eel9s f?é 8178 8eokT 258 81853 Mo Lock an
VAP (GX) CAPSULE REACKN CAPSULE TELBMEFRY CAPSULE RADAR
Pags Station Acquire Fade Duration [Acquire Fade Duration [Acquire Pade Duration -
17 xr8 83488 83955 83527 8 3 83k 8 2
17 s 8231 85790 1;;{ 8h2oL &}3';:?; 1253: :{I »
7 w2 Unknown 83580 Badar
17 Bark Unknown 8200 8kT20 %520 ¥o Radsr
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