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WDL-TR1394
'FOREWORD.

- This Technical Operating koport on the definitized Contract AF04
(647)-532 is submitted in accordance with Exhibit "B" of that contract
and Section III, Paragraph 3.15 of AFBM Exhibit 58-1. '

. This report was prepared by the Philco WDL C&C Syétem »Depnrtn.ent
in fulfilling the requirements of Paragraph 1.2.1.1 of AFBM Exhibit 60-63,
dated 10 November 1960 » Paragraph 1.2.3 of which covers preparation,
publication, and distribution of reports.
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SECTION 1
GENERAL DESCRIPTION

1.1 Oquctives

As its name iﬁplies,bthe Discoverer Program is the "test-bed" for
the development of cdncepts and techniqdes aqd the'collection of
information believed ﬁseful for future programs. Thus, the long-range
objectives are the refinement of equipment and procedures to be.used
in the Midas and Samos Programs and in future deep space probes.

One of tﬁe pPrime objectives of the Discoverer Program is to
eject and recddér.a capsule from an orbiting vehicle. While in'orbit,

the satellite serves as a carrier for scientific materials and for the
telemetry of functional, environmental, and geophysical datﬁ. The -
mission of'the‘program also includes aero-medical research and other
specialized tests according to the specific requirements of a particular
flight. ) : | “ '

The overall plan for Weapons Syltem'117L.ca11|7for_a aeries'of
ptogfams iﬁcluding'the Discoverer, Mi@ai, and_Samol satellites and i;'
divided into a number of subsystem designated A through L. .The
Communications and Control Subsystem (Subcyltenln)uqfithe WS-117L
Discovergr Progrgn is the subject of this report,

. Although-this report is concerned primarily.ﬁgth Subsystem H (58/H),
topics rgiiting to other subsystems, pdch ai the vehicle descriptions,
-are included for purposes of ébntinuity. Some items were id a dcgt. of
change at this time ﬁnd will bé presented in future revisions to this
fﬁpprt. . '
1.2 Subsystem Design Criteria .

The criterfon used throughout the design of the Ground-Space
Communications and Control SublysCeh,wns to utilize essentially éxfoting
equipment with only necessary_mbdifiéationo as,requixe& for the Discoverer
Prograﬁ* To establish the number of stations necessary for the Discoverer
Program in time to meet the vehicle readiness schedule, equipnéph concepts
requiring extensivehdévelopment of new components or teqhniqﬁes were
avoided. After preliminary analysis, the major equipment of the"
subsystem uhs designed and.specified.

1-1
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Some developﬁent and redesign of existing equipment was neces;ary,
however, to insure harmonious operation with a reasonasble amount of
redundancy and reliability. 1In aomc,éalei, extensive redegign of
circuitry was required to increase system performance and reliability;
an example of this voui& be the incorporation of a low-noise front end
utilizing a traveling-wave-tube amplifier in the very long range radar
(Verlort). 1In other instances, equipment was redcsigned to provide
Added capability, such as increased power output in the S-band .beacon.

A ground timing system,a fully automatic vehicle command and guidance
control, and an automqtic data transmission system were designed and
fabricated. These and other units were developed upecificallj for the
Discoverer Program.

Because of the rapid implementation and adaptation of existing

equipment reduited to produce a workable system for Discoverer,"it is
' natural to expect that numerous modifications would evolve as a result _
of 6perational experience during actual vehicle flights and the demands
for support of other programs. These modifications are listed and
‘briefly described in Appendix B.
1. 3 Opetational Reguirementc and Characteristics

Subsystem H equipment can be dividéd into two major categories:
ground §qu1§nqnt an&'vehicle equipment. Ground equipment is designed
to perform the functions necessary for vehicle acquisition and tracking,
for orbital computation and programming, for vehicle command and control,
and for the reception and recording of telemetry data. Vehicle equipment
provides for the reception and decoding of commands and the transmission

of telemetry data to the:ground receivers. A simplified block diagram
of Subsystem H is presented in Fig. 1-1.

1.3.1 Acguiaition and Trackigg Function

The Verlort radar system is the principal ground equipment
for Discoverer vehicle acquisition and tracking. The radar system also
provides. the only means by which commands may be transmitted from the
ground to the vehicle. ‘

1-2
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Radar Trecking Szetem. One Vérlort radar system is

installed at each SS/H Discoverer trscking station. The*Vérlort radsr
is designed to lock-on end eutOusticelly track the vehicle on receipt
of pulse signels transmitted from the beacon trensponder in the vehicle.
The beacon is pre-set ‘to respond only to time-coded radar pulses; it
responds by transmitting 2-kw pulses which are then tracked by the radar
in azimuth, elevation, and range. These coordinates are converted to
digital form and processed by the data handling and control equipment
into teletype fornat for trensmission to the central conputer ‘at. the -
’Setellite Test Annex (StA) Additionsl outputs operate automatic
plotboards and . provide sleving data to control other tracking antennas
of the station.

Acguisition. Prior to acquisition, the central computer
transmits an acquisition progrem to the tracking stations. The
acquisition program from the centrel computer contains azimuth, elevetion,
range, and time information to be applied to the radar at the correct
time to position the antenna and range gate to a predicted moving point
in spsce. This point. describes the predicted vehicle orbit. In the -
event the.scquisition program contains "rough spots" becausé of computer
errors, missing data, or teletype transmission difficulties, a "coast"
command may be given manually to disconnect the output of the acquisition
programmer until the errors.or discrepancies have pessed

- Iracking. Once acquisition has been nede, the vehicle is
trecked by the radar to provide position dsts to the centrel computer
and slaving data to the tti-helix sntenns end the telemetry trscker,

‘(a modified TLM-IB Philco R-1162), If lock-on is lost, the satellite
uay be reacquired by slsving the radar to the scquisition pProgrammer

or orbital computer. The orbital computer positions the radar antenna
and range gate according to the continually updated orbital prediction.

. The original orbital computer computations are based on the six-peteneter
inputs cdntained in the ecquisition summary message from the central
computer.

As the redar trecks the'vehicle, real-tine trecking data is

1-4
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compared to the predicted data. Brrors in the predicted data are
displayed as meter rdddings to the operator who nulls these errors and
updates the predicted orbit by adjusting appropriate controls.

‘ Doppler Tracking System. The Doppler receiving system has
two major purf:oaea: (1) to acquire the satellite at the earliest
possible moment during a pass, and (2) to pr‘ovi‘c.le tracking data to the
central computer for cnléulating limited vehicle orbit parameters in
case of failure of other tracking sy'steiu. o
_ Should the Doppler system acquire the vehicle before the
other tracking equipment when only predicted parameters are known, -
synchro outputs of the tri-helix antenna may be used to slave the radar ‘
antenna or the telemetry tracker until such time as they can acquire.
For early acquisition, a wide beam VHF tri-helix aﬁtenna, coupled with
the highly Qennit:ive phase-coherent Doppler receiver, is used to
receive the signal from a 1~ow-powered VHF CW acquisition transmitter in

the vehiclq, This also provides a signal for Doppler frequency
medsurement . :

Telemetry Tracking System. The Philco R-1162 telemetry

Exjcker is a high-gain antenna that sutomatically tracks the satellite
on the FM/FM signal from the vehicle télemetry transmitter. The
entenna'rgceive'a telemetry data and proviﬂu azimuth and elevation
tracking coordinates in digital form to be sent to the central computer
as a supplement to the Verlort radar information. Additional outputs
operate automatic plotboards and provide slaving data to control other
cquiément; ' _ ' o ]

There are three main modes of operation for the telémet:y
tracker antenna system: (1) standby, (2) manual, and (3) automatic.
The system is placed in the standl?y mode when .:I.t is not trackmg, or
after the antennas have been positioned manually to the sect;:r vhere a
signal is expected.to appear. In the manual mode of opérati.o’n, the
antenna can be slewed in azimuth ax.;db ele#ation. as desired. If an r-f |
signal is received during the manual mode, the system will 80 into the
automatic mode. Automatic tracking continues until the r-f signal level.
falls below 1.5 micrﬁolta or until the antenna is pulled avay from'the
signal Sy mnuai slewing. '

1-5
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The telemetry tracker antenna system is capable of being
directed 1n'ezimuth-nnd elevation by-en»eifernel slaving source.
Possible sources of this information are the Verlort radar, tri-helix
antenna, and the acquisition programmer.

1.3.2 "Central Computer Function

The central computer for thie Discoverer program is the
Remington’ Rand 1103AF computer, which is located at LMSD, Sunnyvale.
Tracking data arrives at the central tomputer from the trecking stations
in. digital form, punched on 5-level teletype tape. The computer amooths
the data and integrates 1:, using the equations of motion. From these
calculations, the computer generates acquisition data to be routed
back to the tracking stations, where it is used to assist in acquiring
the vehicle on future passes. The central computer eleo genefetee
predictéd orbital parameters, which are used by :he radar computing
equipment, and certain timing and commend aignels, vhich are routed to
the vehicle via tracking station radar-beacon links.

1.3.3 Ground Station Command and Control

| Administrative and operational control of the SS/H ground
station complex is centered at the Satellite Test Annex-at Sunnyvale.
Various interstation telephone and teletype facilities provide the
necessary channels to 1ntegrate the gystem.

At the tracking station, command and control functions are
at three control positions: (1) the shift supervigor's coneole,

(2) the acquisition and tracking console, and (3) the vehicle command
console. The positions are located in the administration and control’
van or building.

The shift supervisor's comsole (see Fig. 4—35),piovidea
displays and controls that enable the operator to ascertain the
operational status of the entire station prior to and during a pass.
Station readiness before a leonch is verified by the shift supervisor
to the STA over the interstation communication channels. All maintenance
and operational activities are coordinated by the shift supervisor.

As systems supervisor for the tracking equipment the
operator at the acquisition and tracking operating position of the

1-6
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master control console (see Fig, 4-37) monitors the pProgress of all
tracki.tig equipment, controls the flow of tracking and slave data, and
is réapbnsible for the overall system integration of the tracked equip-
ment -into an operational unit. During warmup, checkout, acquiiition,
and tracking operations, he determines the operational readiness of all
-equipment under hig supervision and reports this information to t’he '
shift supervisor, ' .

Vehicle commands are initiated at the vehicle command
pbsiti.on of the master contfol console and sent to the sateiviite' by coded-
pulse, time-modulated signals from the S-band .tracking radar as the .sa't:e- .
llite passes within range of the tracking station. The commands are
received by the beacon transponder in the vehicle and decoded by the
command decoder, which @ctuates relays that cause the command to be acted
upon. If the command has beeﬁ received correctly, a command verification
signal is returned to the ground station,

' 1.3.4 Telemetry Data :

Environmental and other information from the vehicle-is
transmitted ag aubcatrier wodulation by ‘the VHF telemetry transmitter and
received by the telemetry tracking ant‘enna or tri~helix anténm' at the
tracking station. The telemetry data is routed ciirectly to’ the receivers
and PM demultiplex equipment in the telemetry area. The telemetry data
from the vehicle is recorded on magnetic tape and the'required real-time
readouts are transmitted to the STA via voice line.

1.3.5 Timi.ng Function -

A ground timing system supplies the time reference. or base,
by which all station activities are synchronized. Although each station
has its own timing cystem,‘ all,st.ati.ons are synchronized to a single
time reference known as system time (ST). System time, along with cer~
tain other pertipeqt time 1ndicatiotu., is displayed prominently through-
out the station it designated operating and control locations. Al}l
tracking, acquis:l.tj.on, and telemetry data are labeled with respect to

time. Vehicle functions are Precisely programmed with regpect to system
time, .

Ground Timing. The heart of the ground timing system is
the dual-unit central timing 8enerator, which generates the basic timing

1-7 -
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signals to be used throughout each station. Remote timing terminal
units distribute the timing signals from the timing generator on a
l-kc amplitude modulated carrier, and remote time indicators diaphy
the -timing a;.gnalu. ‘ '

Botk sections of the d;;:l .timing geimrator operata
continuously . Omne unit is connected to the lylton, the other unit is
used as a backup. Each unit is synchronized by a l-ucond smdard
time signal broadcast from radio stations WWV and WWH. The radio
signal is recoived or a fixed-tuned receiver provided as part of the
insulhtion. Provinion is made at each of the central timing units
to compensate for differences in propagation time from WWV or WWVH to

each of the t:racking sites, thereby permitting station times to be within
8 milliseconds of each otlier.

1.3.6 Data Iranmiu;on and Display Function .
Data transaission for §S/H is primarily concerned with the

flow of antenna siaving data, predicted orbital dats, md tracking
dats (1) between tracking stations and ths central. ccmputor, and

(2) between equipment, operating politionl'. andy dispuy units within -
a station.

Interstation date transmiseion is in digital form, while
intrastation transmission chamnels use digital, nynchro, and analog
techniques. Digital data transmission is used to truumit high-nccuracy
date over relatively long distances.. Synchro data tranemission is used
as a backup for the intrastation digi'uli data transmission system.
Plotboard data are trarismitted by d-c digital, ;ynchro, and analog
means. Angul_.n_r data to operate antenna position indicators are
transmitted by synchro means only. ' ,

| Sleve Tracking Data. Station tracking antemnas can be
slaved to each other or to an acquisition program generated at the
" central computer. Tke acquisition and tracking controller determines . )
which synchrc tracking data is to be applie& tc the slave bus; thig
data is used as a slaving source to position other local antennas. The
data appearl as angular position information; i.e., azimuth and iea'l.évat:-i.on,'
on the outer ring of the tracking equipment control position indicators.

-8
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1.3.7 Communications Function

The types of ground station comnunication circuits include
teletype, telephone, and radio, interconnecting the launch, tracking,
telemetry, and control facilities for the transmission of SS/H data,
operating instructions, and administrative orders,

The communication function is divided into two separate
systems: (1) the interstation communication systém, which consists of
the circuits and channels necessary to connect all of the ground
tracking stations together into an integrated network; and (2) the
intrastation communication system, which consists of the circuits and
equipment necessary to support on-station activities and to terminate
the interstation system.

1.4 Vehicle Functions

The Discoverer flights are designated for reference purposes by
Roman numerals, and the vehicle is identified by a four digit number.
A summary table of flights to the present time is given in Appendix D.
FlightSthrough Flight XV used the Agena-A Discoverer satellite, while
subsequent flights have ~ will probably use the Agene-B. The active
orbit lifetime for flights through Flight XV was 27 hours, but the
flights to follow will have an active orbit up to 100 hours.

" The Discoverer Satellite airframe as indicated in Fig. 1-2 consists
of the following° forward midbody assembly, including the forward
equipment rack; the aft midbody assembly; aft equipment rack; adapter
assembly including provisions for retro-rockets; propellant tanks;
pressure spheres; and fairings. The recovery capsule is carried in the
forward end of the airframe. '

The vehicle communications and control subsystem is shown in Fig. 1-3,
The Discoverer satellite S-Band transponder, located in the forward
equipment rack, supplies response pulses to the Verlort radar coded
interrogations. These Tresponses are used at the Verlort radar as a
meang of determining vehicle position. The transponder also receives,
decodes, and delivers ground-to-space real-time commands for operation

of vehicle functions. The S-Band transponder equipment includes a
decoder and an antenna.
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The acquisition beacon is located in the forward equipment rack.
This unit operates continuously, providing backup In>the &went thatl: ..
other acquisition methods are udsuccessful. The transmitter is a low-
power, crystal-controlled, UHF CW transmitter whogse output is diplexed
into a common antenna with the VHF telemetry transmitter. The acquisition
beacon is isolated from the telemetry transmitter by & two channel diplexer.

The orbital prograsmmer, located in the forward equipment rack,
turns on vehicle equipment cyclically, and is capable of inltiating the
recovery sequence of events for eject:lon of the recovery capaule. An
alternate cycle of different composition from the normal cycle can ‘be
accommodated., Ground commands can reset and change periods.

An S-Band transponder antenna » located in the forwsrd midbody, and
VHF antennas, one is the forward widbody for ascent and one in the aft
equipment rack for orbit, are carried for the ascent and orbit phases.

The vnr ascent and orbit antennas are multiplexed to serve both
‘the telemeter trensmitter and the acquiaition beacon transmitter.

An PM/PM telemeter, in the forward equipment rack, is carrifed to

obtain and transmit orbital-stage functional, environmental, and other
acient:lfic data.

1. 5 Station Installations .

There are five principal tracking stations (Pig. 1-4) for the
Discoverer Program, and they are locnt-éd as follows:

8. Vandenberg Air Force Base, California -

b. Point Mugu, California

c¢. Kaena Point, Hawaii .

- d. Kodiak Island, Alasks o - A

e. New Boston, New Hampshire '

Point Mugu is used primarily for ascent tracking, telemetry, and
guidance commanding. The requirement for transmission of guidance
commands from Point Mugu is acheduled to be eliminated in the near
future, The Bell Telephone Laboratory (BTL) guidance system at VAFB is
preuntly being evaluated for compatibi.lity with the Diacoverer Vehicle
configuration. It is anticipated that the Point Mugu tracking. station
will be phased out upon satisfactory completion of BTL system tests,

‘1-12
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Ascent éracking and telemetry functions would then be performed
solely by the Vandenberg tracking station.

The original station configuration included a station at Annétte,
Alaska. Operatiqnal experience revealed that thig station provided
unnecessary redundancy and Annette was phased out in Decemﬁer 1959,

v The equipment complement for each station is given in Table 1%1.

Two general types of installation are utilized for the Discoverer
Program; (1) statioris made up entirely of mobile van-mounted equipment,
such as Poiﬁt Mugﬁ and New Boston; and (é)'ihosé Qta;ionl mlde‘up'of
both van-mounted énd permanent building inatallatidni, such 5- Hnwaii,'
Vanaenbérg,*nnd Kodibk. .Detailed ;nfotmition on the individual.sites
is available in ekisting documents.‘ A brief description of trkéking

‘station configuration and éqyipment layout is included in the
following paragraphs. :
1.5.1 Vandenberg Tracking Station
. The Vandenberg tracking station occupies a gection of
Vandenberg Air Force Bage (formerly Cooke AFB). The tracking station
ingtallation is located in two areas separatdd by a distance of
apprbxtmdte1y~13,000 feet. The station configurat;ou is shown in
Figs. 145 and 1-6. | '
Iransmitting Area. The transmitting area is made up of
the following major facilities: :
4. Radar van
b. Radar pedestal and antenna
€. Optical tracker
d. Data transmission van
€. Boresight towers (2)
f. Diesel generators

: Receiving Area. The Teceiving area containg the following
facilities: ' '

a. VHF telemetry building
b. Telemetry tracker antenni
¢. Tri-helix antenna
d. WWV antenna
~e. Boresight tower

1-14
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. TABLE 1-1
TRACKING STATIONS - MAJOR BQUIPMENT

EQUIPMENT CVARR | MU | maarr CHINIAK [ WM
Verlort Radar X X X X . X
Telemetry Tracke X X »
Tri-Helix Antennd X X X X
Doppler Receiver | x X X X X
and Recorder .
Communicationg X X X X X

' |Data Transmissiof x X X X X
Control Consoles | x X X X X

{and Display i

Optical Tracker . X

Reeves Guidance X
Computer

Telemetry Receiving x X X X X

and Recording

Timing X X X ' X X
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The following mjor items of equipment are housed in the

VHF telemetry building:
a. Data transmission equipment
b. Doppler equipment
c. Telemetry equipment
d. Master timing generator
e. Comuniéationo eqixipment
f. Teletype equipment
g. Tri-helix control equipment
h. 88/H shift supervisor's console
i. Master control console
j. Plot boards (3)

1.5.2 Point Mugu Tracking Station

The Point Mugu tracking station is located at the Naval Air
Missile Test Center (NAMTC), Point Mugu, California. The installation
s in two general areas which are approximately 2,000 feet apart. " The

station cohfiguration is ahown in Pig. 1-7 and 1- 8.

'.l.‘rnnamitting Area. The follwing facilities are located

within this area:
8. Radar van
b. Radar antemna and pedestal
c. Data transmission \'ran
d. Administration and control van
e. Boresight t'mra (2)

f. Mobile diesel generntorc (3) apd mobile switching

facilities

8. Communications and maintenance van

Receiving Aréa. The following fncilitiel are loeu:ed

wtt_hin this area:
4. Instrumentation van
b, Teiemei:ry van
T, Electronic maintenance and storage van
d.' Tri.-helix antenna
¢. ‘WWV antenna

1-18
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1.5.3 Hawaii Tracking Station

The Hawaii tracking station is located on the westernmost
point of tﬁe Island of Oahu, Hawaii. The receiving area is situated
2.3 miles southwest of Dillingham airstrip. The transmitting area is
located approximately 8,000 feet northeast of the receiving area. The
station configuration is shown in Figs. 1-9 and 1-10. ,

‘ Tranamitting Area. The following major facilities make
up the transmitting area;

a. Radar van

b. Radar antenna and pedestal

C. Boresight towers (2)

d. Data transmigsion van

e. Diesel generators (3) and switching unit
_ Receiving Area. The receiving area is made up of the
following facilities: 4
8. Administration and VHF telemetry receivér building
b. Telemetry tracker antenna -
€. Tri-helix antenna
d. WWVH antenna
e. Boresight tower
f. Maintenance and Storage van .
The following equipment_and components are housed in the
adminiatration and VHF telemetry receiver building:
a. Data trapsmission equipment i
b. Doppler equipment
¢. Telemetry equipment
d. Master timing generator
e. COmmunications~equipment
£. Teletype equipment
8. Tri-helix antenna control equipmeﬁt
h.‘ Telemetry tracker control equipment
1. SS/H shift supervisor's console
J. Master control console

k. Plot boards (2)
1. WWVH antenna (on top of building)
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1.5.4 RKodiak Track:lg_g Station .
' The. Kodiak tracking stagion is located within Chiniak

Air rorce sution, cape Ch:l.n:lak, xodialm, Alnka. Thc tncking station
consists of two separate areas which are approxiutely 1, 800 feet apart.
'l‘he station layout is shown in Figa. 1-11 and 1-12, '

_Transmitting Area. . The _transmitting area conuins the
follwing major facilities:

a., Composite bu:llding

b. Radar van

c. Radar antenna and pedestal (w:l.th :lnflaublo radome)

d. Data tranminion van

e. Boresight towers (2)
The composite building houses the following equipment:

a. Shift supervisor's console

b. Master control console

c. Plot board

" d. Teletype equipment

e. Communications equipment

£. Timing terminal unit

g. 100 KW diesel generators (&)

‘Receiving Area. The receiving area contains the following
ma jor facilities:

a. Inctrumentation van v

b. 'M.aintegmce and storage van

c. Telemetry van '

d. Tri-helix’ antenna (with rigid radome)

_e. WWV antenna :

"In addition, direction finding equipment assoclated with the
tri-helix antenna was located in the receiving area but was subsequentlj
removed for installation on a telemetry ship to aseist in recovery
operations. This proved to be unsatisfactory because of insufficient
ship stability. At the present wiiting its reinstallation at the
Kodiak Station is being negotiated.
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1.5.5 _New Boston Tracking Station

The New Boston tracking station is located Just west. of
Manchester, New Hampshire. The_iﬁstallation is made in' two general
areas which are separated by a distance of 11,000 feet. The station
configuration is shown in Fig. 1-13.
Iransmitting Area. The transmitting area is made up of the
following facilities:
a. Radar van
b. Radar antenna and pedestal (with radome)
¢. Data transmission van
d. ‘Administration and control van
e. Boresight tower :
Receiving Area. The following major facilities aie included
. in the receiving area:
a. Telemetry van
b. Instrumentation van
¢. Tri-helix antenna (with radome)
d. WWV antenna
1.5.6 Pacific Missile Ragg
' In addition, the Pacific Missile. Range provides downrange
coverage for Discoverer launches with a telemetry ship (Victory class)
and with one or more partially equipped ships for use during a capsule
recovery operation. In a similar manner a number of locations in the-
Hawaiian area (Johnaton Island, Tern Island, Christmas Island,
Barking Sands, etc. ) mny be called upon to support during recovery.
The telemetry ship has the following capabilities.
8. Receive, discriminate and record telemetry data
b. Receive and read out Doppler data .

€. Index recorded data with sjstem time and display
system time.

d. Communicate with other ships or shore - based stations
on phone, CW or teletype via single side band radio
(SSB) .

e. Angle track with'punched tape readout.
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1.6 Inter-Relation with Other Programs

Increasing use is being made of the Discoverer communication and
conttol facilities for the cupport of other programs, since these
facilities are available and have been proven. out during a number of
successful vehicle flights. éurre'ntly. this support, of both a primaty
and backup nature, is being given to the Samos, Midas, and Advent
Programs. A

Thus Verlort tracking and coumanding and VEF . t.eleuetry and Doppl.er
reception are used in the Midas and Samos ‘programs and to some. degree
in the Advent program. The support entails modifications to the
Discoverer equipment; details of these modiﬁutidnl appear in
Append:.lzx C of this report. '
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SECTION 2
VEHICLE TRACKING AND COMMANDING SYSTEM

2. 1 Genegal

The vehicle tracking capability furnishes the data for deternining
ortit parameters and maintains proper orientation of the data receiving
links. The command capability allows control or adjustment of certain
vehicle functions.

The Discoverer tracking capability is furnished by two automatic
ttacking systems and one manual system. The automatic tracking system
is the Verlort radar at all Discoverer tracking stations and the,
telemetry tracket at VAFB and Hawaii. The manual system is the tri-
helix antenna at all stations. '

The Verlort radar is the principal ground-based unit for acquisition,
tracking, and commanding functions. ‘The radar is designed to interrognte
a beacon transponder in the vehicle and track automatically om the
return signal. The beacon is preset to respond only to one of six
possible time-coded pulse combinations. When the beacon is triggered
by jppropriately coded pulses from the Verlort, it responds hyﬂttgns-
mitting ptlses back to the radar. The radar tracks these pulses in
azimuth and elevation and measures the slant range to the vehicle. The
azimuth, elevation, and range data generated by the radar are available
in the form of.digital pulses, polar analog synchro signals, and analog
d-c signals. Sixteen-bit digital azimuth and elevation data, 18-bit
range data, and two quality bits are routed to digital-to-teletype' (D/TT)
corverters. This tracking data is converted to teletype format and
transmitted with time indentification and message headings to the central
computer. The Verlort synchro tracking data is made availsble for
slaving other antennas, such as the telemetfy tracker and tri-helix antennas.
The analog d-c signals are supplied to polar-to-cartesian converters
(P/C) and converted to cartesian x, y, and z coordinates for plot board

use and remote slaving applications.
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The Verlort radar provides the only means by which commands may be
transmitted from the ground to the vehicle. Commands are transmitted

from the radar to the vehicle by a three-pulse code. The two outer

pulses provide a fixed frame which {s detected and responded to by the
beacon, .and which serves as a time reference for a time-modulated middle
pulse. The outer pulse spacing is determined by the beacon coding used.
The middle pulse of the three pulse code is time-modulated by two tones
selected from four available tones providéd by tuntng‘fork oscillators
located in the radar pulse coder. '

The Telemetry ﬂkndkhf-is primarily a data receiving antenna that
1is capable of automatic track on a VHF signal. Angle tracking data is
produced which can be used as backup to the Verlort trackipg data. See
Paragraph 3.1 for a detailed description.

The tri-helix is a Doppler and data receiving sntenna which is
manually positioned ﬁsing signal strength indicators, See Paingraph
3.2.2 for a detailed description. '

2.2 Very Long Range Tracking Redar (VERLORT) (Figs. 2-1 and 2-2)

The Verlort is basically a MOD II (SCR-584) radar modified to meet

Discoverer requirements. Major modifications were performed as follows:

a. Extension of maximum range capability from 400 to 2300
mites

b. Addition of an analog orbital computer to serve as a memory

device to provide a carry-over during a temporary loss of
track T

" ¢. Incorporation of a low-noise front end utilizing a traveling-
wave-tube amplifier to increase system performance and reliability

d. Redesign of the antenna feed assembly and pedestal and the
incorporation of precision analog and digital encoders to pro-

vide increased accuracy in both the tracking and the tracking
data : '

e. Addition of a guidance computer at Pt. Mugu to generate second
stage guidance correction commands.

- A typical floor Plan layout of the Verlort van is presented in
Fig. 2-3. v
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2.2.1 Trensmitt ing System

The radar transmitting system generates 08 microsecond wide
_time-coded r-f pulses at a frequency of 2850 mc. The peak power output
is 250 kw minimum, During radar operation, coded trigger and command
pulses that are developed by the beacon coder in the range system are
applied to the driver unit in the transmitting system. The pulses are
processed and ultimately applied to a keyer tube in the modulator. The
keyer tube acts es an electronic switch and allows the modulator capa-
citor to discharge through the magnetron for tﬁe duracion of the 0.8
microsecond pulse. Parasitic oscillations that occur at the end of the
keying pulse are suppressed by damping diodes in the modulator. The
radar pulse group configuration is illustrated in Fig. 2-4.

2.,2.2 R-F System

The r-f aystem conducts the r-f pulses from the magnetron
in the transmittins system through a ferrite isolator in the r-f system
to the nutating antenna for radiation into space. 1In addition, the r-f
system receives the r-f signals transmitted by the vehicle beacon trans-
ponder and conducts these signals to the receiving system, Utilization
of the same r-f system for both transmitting and receiving requires a
duplexer to protect the receiver from the strorg transmitted pulse..

The antenna system uses a nutating feed to provide a conical
scan at either 50 per cent or 80 per cent crosg-over. ‘The 10-foot para-
bolic reflector has a beamwidth of 2.5 degrees at half power points.

From experience and tests, a waveguide variable attenuator
was found to be necessary, so one was installed at VAFB tracking station
to reduce the received signal during pre-launch vehicle checks. This
pProtects the receiver from excessive signal and eliminates: ground re-
flections. Alse, some side lobe tracking had been experienced and the

attenuator serves to avoid this condition, possible during the early
launch phase.

2.2.3 Receiving System
The réceiving system has a wminimum discernible signal of

=103 dbm and a noise figure better than 7 db. This is accomplished by

use of traveling-wuve-tube awplifier having a minimum gain of 25 db at
S-Band frequencies.
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- Thé receiving system amplifies and detects the signals
received by the r-f system and converts them into video signals for
presentation of the PPI and range scopes and for activating the automatic
‘tracking circuits in the range system. The receiving system also
develops the 30-cps error signal which is uséd in the antenna positioning
system to develop azimuth and elevation error signals that automatically
position the antenna. ’ ‘ . ,

The.30-mc i-f signal from the crystal detector in the r-f
system is amplified, detected, amplified again, and applied to an agc
and remote video unit. The agc and remote video unit provides the 30-
cps error signal to the antenna positioning system, and the manual and
automatic gain control voltages for the receiver i-f strip. The agc
voltage maintains the video output of the receiver i-f strip at a
constant average voltage. An'error-tracking gate from the automatic
range tracking unit gates the dgé and remote video unit to allow only
the responses of the beacon transponder to be passed during automatic
range tracking. A sensitivity time control gate limits the receiver
gain just prior to, and after, the main bang to limit the amount of
-ground clutter appearing on the various radar video displays. The
output video is applied to the rnﬁge system for display on the radar
range indicators and for use in automatic range tracking, and the PPI
system for display on the PPI scope. ‘

2.2.4 Ranging System

| ‘The ranging‘system generates the timing triggers and gates
which synchronize the radar equipment and make the accurate determination
of range possible. In addition, the range system presents continuous
range information on four types of "A" display, fumishes a dial indica-
tion of the range to a selected target, makes slant range data available
in synchro, d-c analog, and digital form, and contains the components
necessary for automatic, aided, programmed, and manual range tracking.

The basic timing signal of the radar is generated by an 82-
ke crystal-controlled oscillator. The output of the 82-kc oscillator is
amplified, counted down, and otherwise processed to provide the basic
410-pps, 512-pps, and 584-pps pulse repetition frequencies to the modulator
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in the transmitting system. In additionm, triggers which synchronize.
the range sweeps -and the display sweeps within the ranging system and
the PPI sweep within the PPI system are generated. The cota; range
cycle is determined by a 28-cps generator. _ h :

The 2300-mile trackling range of the Verlort radar is
accomplished with the use of PRF's between 400 and 600 pps by triggering
the beacon with every transmitted pulse and by tjeceiving' the Be_acon .
responses during PRF intervaln; This technique results in a target
appsaring durin_g every PRF period from the transmitted pulde at t:o out
to the total length of 2300-mile range sweep. The Verlort radar switches
PRF automatically with range changes to prevent interference between the - |
transnitted and received pulse. Target identification is made and range
ambiguity is resolved by eliminating one transmitted pulse during the
total 28-cps range cycle. Elimination of one transmitted pulse eliminates
one of the beacon responses which would normally occur during one of
‘the PRF periods. The absence of a beacon response pulse from one of
the PRF periods identifies that period as the one which contains the béa-
con .'unge_within its limits. The long-range indicator contains those
32,000-yard segments of the 400,000-yard sweeps which are brightened on
the 400,000-yard indicator. The 400,000-yard indicator is brightened
by a 32,000-yard gate which corresponds to the 32,000-yard sweep. The
32,000~-yard sweep is brightened by a 2000-yard gat; which corresponds
to ‘the 2000-yard sweep, and the range strobe occurs in time with the
range trackiing gates. When the radge control is slewed so that the
'32,000-yard illuminated gate is placed at the range of the target on the
400,000=yard scope, targets appear on each of the 32,000-yard sweeps
on the long-range indicator except that sweep which identifies the
400,000 yard PRF period which contains the beacon tuppnsev. This is
‘identified also by the fact that it is brightened. The brightened-
sweep on the long-range indicator jumpb from one 400,000-yard segment
to another as the range control is slewed :Ln and out. Ambiguity is
resolved and range identified by position:lng the 32,000-yard
gate, the 2000-yard gate, and the range strobe so that they are positioned
over the targets on each of the indicators. When .this is done, the sweep
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containing no‘tnrget on the long range indicator is brightened .and the
radar range tracking gates are positioned with enough precision to
. accomplish range lock-on. .
2.2.5 Pulse Coder SK!-94, Command Encoder)

‘The pulse coder enables the-transmicsion.of commands through
the Verlort-beacon link by coded pulsc-timequodulntcc Verlort transmissions.
It further provides one of six beacon interrogation codes. The pulse
coder generates two pulses, Rulse 1 and Rilse 2, which are known as the
code pulse and control interval pulse tespecti§e1y. Thcsevpulsea‘have
a specific time relationship to the transmitter'trigger, or tracking pulse
(See Fig. 2-4). The range system provides the reference input to the
pulse coder that is needed to establish this time relationship. The pulses
ate:fed . to.d the . raugiqg.system and then applied to the transmitter
exciter,

Pulse Code Intervals. The position of pulse 1 in relation
to"Pulse 3 is known as the pulcc code interval. Any one of six intervals
may be manually selected by the radar operator. The spacing may be
varied from 21.35 microseconds to 36.60 microseconds in intervals of 3.05
microgeconds. '

' Commands. The rest position of Pulse 2 is 9 microseconds

- before Bulse 3. For commanding, the position of this pulse is varied,
or pulse time-modulated, by means of an audio frequency. The amount of
shift at any moment 1is governed by the instantaneous amplitude of the _
modulating signal, which is the sum of two tone voltages. Approximately
3 volts is required fcr a shift of one microsecond. The present coumand
structure rcquires four tones, identified as tones A, B, C and D. These
are generated by funing fork tone oscillators and selected in combinations
of two as directed by logic circuitry in the Vehicle Command Controller
(VCC) console. Two additional tones are available but are not used. The
frequencies of the tones utilized are listed below.

TONE ' FREQUENCY

‘A : 73.2 cps

B 91.5 cps

C 122.0 cps

D 154.0 cps
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---A temporary nodificition‘nl installed on ‘the: pulse coder to
Pemmit wmanual disebling of the command pulse to ‘aliminac'g the‘problem.,of
coumand dumping as described in Paragraph 2.4.2. This ﬁodif:l-s:ation consisted
of a toggle switch to interrupt the. Pulse 2 channel of the pulse coder.

two pulse operation with autmt#c switching to three pulse for commanding .
2.2.6 Antenna Position System .

The mténn_. positioning system posit-i.ons the radar antenna
in azimuth and elevation either manually, remotelyox lutbnat:l.cally,. - In
addition, the antenna positioning system provides analog, synchro, and
digital antenna azimuth and elevation dats to the SS/H data transmission
8ystem, and two-speed azimuth and elevation synchro data to the orbital
computer, . ‘ '

The antenna Positioning control, in the manual and PPI
operation, iuppliea the signal voltages which drive the antenna positioning

system. The stators of azimuth and elevation synchros in the control

unit are rotated by handwheels for manual operation, and by a motor for
PPI operation. A cam arrangement provides elevation scanning in the PPI
wode, ’ . '

, In remote operation, remote data from three sources is applied
to the antenna Positioning system. Switches on the control Panel select
the desired i:anot:e source; i.e., acquisition program, orbital computer,
or slave data bus. Remote antenna angle data is routed to the dual
antenna position indicators for angular display of the data.

Spiral and raster scans which may be used to program the
Position of the antenna are supplied to the antenna servo by the antenna
positioning system. The raster scan is available only in the manual mode
of operation. It is generated in the acquisition console by'a series of
stepping relays. .The spiral scan is available onlj in the remote mode
of operation. It is generated By a resolver which provides azimuth and

elevation error signals to the antenna control circuits. The spiral gcan

centers about the point in space defined by the remote data being
utilized. The operator can stop the scan .at any point and manually back

Up along the path of the spiral.

/
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positioned by the antenna, The'outputs of these data transmission de-
vices are made‘avuilablq,to the SS/H data transmission system and‘to
the orbital computer, '
2.2.7 Radar Data Recording System :
The radar data recording system consists of a 6-channel and .
a 100-ch¢nng1 electric pen recorder. Any one of several chart speeds can
be aélécted as desired while the drive is either running or~stopped;
The 6-channel recorder inatantaneously charts, in Permanent form, g
selected number of variable functions at a writing frequency responge of
from 0 to 100 ¢ps. The 100-channel recorder furnisheg an on-off indica-
tion and does not Provide an indication of'lmplitude fluctuatiéns of the
monitored signal. Table 2-1 containg the standard ligting of functions
to be recorded on the 6~ and 100- channel recorder. This standardization
18 being accomplished by Modiffcation RP-70. '
2.2.8 Verlort Orbital Computing ‘s stem '
The orbital.qomputer, Figs. 2-5 and 2-6, way be used to
automatically control the radar search pPattern to locate an orbiting
vehicle. The search pattern {g started at a predicted time when the

(azimuth, elevntion, and slant range) of the orbiting vehicle's pasé.
These coordinates are available for &utomatically directing the radar

aﬁtomatic tracking., The compute: pProduces twb modeg of ;ganning, raster
and épiral, to improve the chances of initiel acquinition and reacquisi-

tion 1if necessary. It also has error detection circuits to determine the
input data errors after radar acquisition and lock-on. Thege errors are
then corrected to Provide a more accurate extrapolation by ?hanging the “
wmanual input controls. Thig extrapolation could be uged to aearéh if the
radar loses automatic track, Since the computer insttumentation ie based
upon a circular orbit, thege corrections"aljo Compensate for deviations
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TABLE 2-1
VERLORT RECORDER STANDARDIZATION

6-PEN
Channel ' Functioq
Margin Time Marks
1 AGC (Automatic Gain Control)
2 Azimuth Rrror
3 Elevation Error
4 ‘Range Error and Command Mode
5 Range Rate
6 Time Code Word and PRF
Margin On Target Indi.éation
100-PEN
Channel Function
0-10 | '
1 Time Code Word
2 Transmitter ON
3 Automatic Passive Tracking
4 PRF 410 ' '
5 PRF 512
6 - PRF 584
7 Remote 1 (Optici'l.Trnckqt)
8 ‘Remote 2 (Slave Data -B"a"se)
9 Remote 3 (Reeves Orbital Computer)
10 _ Remote 4 (ACQ Computer)
10 - 20 ,
1 Raster Scan
2 - Spiral Scan
3 PPI Scan
4 Azimuth Msnual
5 Azimuth Automatic
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TABLE 2-1
(Continued)

100-PEN

Function
Elevation Manual
Elevation Automatic
Range Manual
Range Automatic

. Coast

Azimuth Smoothing A
Azimuth Smoothing B
Azimuth Smoothing ¢
Azimuth Smoothing D
Elevation Smoothing A’
Elevation Smoothing B
Elevation Smoothing ¢
Elevation Smoothing D
Boresight Camera ON
Line Voltage Dropout

Radar Quality Bit (On target)

Radar L.0. Man h
Radar L.0. Arc

Beacon L.0, Man

Beacon 1.0, Arc

Command Coder Mode 1

Command Coder Local (Radar Van)
Coumand Coder Remote (v.c.c.)

Two Pulse Mode

Three Pulge Mode (Center pulge on)
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TABLE 2-1
- (Continued)
' 100~PEN
| Channel Function
. 40 - 50
1. Command 1 *
2 Command 2 *
- 3 Command 3 #*
& Command 4 *
- | . ' 5 Command 5 *
6 Command 6 *
- 7 Tone A *
8 Tone B *
_ 9 Tone C *
| %

lQ Tone D

* From Monitor Beacon - indidati.on that commands were radiated.
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Fig. 2-5 Orbital Computer

Legend

1. ssisuth owd Elevation Maic 9. Mastsr Pewer Supply

2. Spirsl Scam Unit 10. Blestrenie Uait Ne. 2

3.  Blectromic Unic Mo, 1 11, Pewsr Supply Me. 3

4. Sleve Rangs Umit Mo, 1 12. Pewar Supply M. 1

S.  Slave Reage Unit Mo, 2 13. Pewer Supply We. 2

6. Slev Serve Amplifier 14, Relay Uatt ¥e. 1

2. Besomn Sharing Syne B.ﬂ.-cldlnlubhlt

8.  Treveling Wave Tube Pouer Supply 16, Sleat Range Duie
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produced by elliptical orbits and thua.provide a more’precise.search.
control during an orbiting vehicle pass.

Orbit Generation, The orbital computer. generatesg a continuous
circular orbit as a fﬁnction of time, based upon six manually inserted
parameters. This involves the soluﬁioﬁ of spherical triangles in rels-
tion to the surface of thé earth (Fig. 2-7) . These solutions yield
azimuth angle (A) and earth central angle (K) as functions of the following
Parameterg: : ’

a. Inclination of Orbit )]

b. Latitude of Tracking Station (GT) .

c. Relation Lohgikude (AB) (between tracking station and

ascending node) ‘

d. Orbital Angle (v)

e. Orbital Rate (w) »

Solution for elevation angle (E) and slant range (R) is
generated as a function of earth's central angel (K) and the last munﬁally
ingerted parameter; the height of the satellite (". A '

Once the input duantitiep have been pProperly set, the computer
then.génerates, within certain limitntions, the position of the iatellite
48 a continuous function of time. If for any reason the radar ceases to
track the satellite, the computer solution may be uged to position the
radar to ré?acqufring the satellite.

Error Detection, The vehicle's orbit is not exnctly_spherical,
====> _Jetection
pected. Consequently, when. the radar is locked on the target in the
automatic mode, the orbiting.vehiclg's positibn, as defined by radar

tracking, may be expected to vary from the orbital computer's continuing
solutions. It ig desirable to have the orbital computer's input data

:2-18
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NORTH POLE

EARTH'S ROTATION
RATE .

L}
TRACKING
‘STATION
<— EQUATOR
ASCENDING MODE
SATELLITE
ORBIT
!
!
Dwé Azspy

8in 7 gin ¥ cos GT - 8in 9.1'

\’ 2 2
8in K NA + DA

€08 K = gin 7 sin ¥ sin O [cos(dﬁ)k cos ¥ + 8in(4g) cos 7 sin ’&J

cos(&) cos ¥ + sin (&%) cos 7 sin vJ
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(Re + H) cos K - R, N

—_— - =

(Re + H) sin K D

2 2
R= VNE + DE

V= ) +or -1

Og = '(Aa)o'+ 8(r-rt)

OT (Theta)
7 (Gamma)
A (Delta-Phi)

K (Kappa)

1 (Cap. Omega)
® (Small Omega)
Re'(Rea)

H (B')

A (Alfha)

E (Epsilon)

R (Rge)
T (Tee)
T (T

0" "subzero)
*o'(PSIzerb).

Aﬂo(DeltlfPhizero

¥ (PSI)

PHILCO

Latitude of Tracki Station(Always Positive in
Northern Hemiapher:f

Inclination of Orbit, CCW Prom Bquator at Ascending

Mode (approaching North)

Relative Longitude Between Tracking Station and
Ascending Mode (positive vhen east)

_ AngleASubtended at Center of Earth Between Tracking

Station and Pregent Position of Satellite
(alvays positive) -

Angular Velocity of the Barth
Orbital Rate of Satellite
Radius of earth to'Tracking Station

Height of Satellite Above Sphere through Tracking
Station . o )

Azimuth Angle of Line of 8ight to Satellite
(CW from north)

Elevation Angle of Line of Sight to Satellite
Measured from Horiz. Plane at Station - .

Slant Range to Satellite From Station
Time Measured from Arbitrary Point
Time Satellite Appears on Horigzon .
Value of ¥ wvhen T = To

Value of Ag when T= T,

Orbital Angle of the Satellite
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The error detection circuits essentiéily compare the computer's
definitions of azimuth, elevation and slant range with those transmitted
by the radar synchro systems in the automatic mode. Differences are
processed by computing loops to extract the H,y,w,A§ and y input factor
errors. These are indicated on meters to show the changes in the input
control settings which are necessary. Instantaneous errors are used to
correct the input quantities Ad, ¥, and H. Variations of errprs over a
fixed-time interval are used to correct the input quantities y and .

Scanning Generation. The acquiéition computer contains a
scan control'sysiem to enable an automatic radar search in either a
raster or a spiral pattern. Raster scanning cannot be initiated in a
remote mode and is used with a manually controlled search to acquire an
orbiting vehicle. The raster search follows a specific pattern of sweeps
in nzimuth, steps in elevation and in interlaced return pattern. The
width, speed, and the height of the raster are controlled by the operator.

Spiral scan is available only while the rndﬁr antenna is '
being driven in the remote mode by the acquisition computer. The radar
search pattern produced is an éxpanding and contracting spiral arouqd
the computed position of the orbiting vehicle and can be initiated to
acquire or reacquire the orbiting vehicle during a pass. The size and
speed of the spiral can be selected by the operator. 4 '

Orbital Computer Utilization. With availability of the
acquisition programmer, the orbital computer is primarily a back up for
that equipment, except for the raster scan capability utilized for
initial acquisition. . - '

When o good track is initiated, allowing updating of the
computer, an interruption qf‘ttack requiring selection of a remote mode
of operation (orbital computer or acquisition programmer) is seldom
experienced. In cases of poor track, such as a marginal beacon or a
tuﬁbling vﬁhicle, where selection of a remote mode is required for re-
acquisition, the acquisition programmer usually provides a more accurate
data source. This is paftly due to the difficulty experienced updating
the orbital computer with a poor track.

2-20

PHILCO WESTERN DEVELOPMENT LABGRATORIES




WDL-TR1394

The orbital computer is ugeful. in gfimulating orbit tracking
operations. for.'stat:ion.operatot. training and equipment checkout, .although '
there is ﬁo advantage over the ncqui.n'it_:ion programmer for the same
purpose. . o

2.2.9 Launch Guidance .

‘rhe‘scheufﬁl injection of a Discoverer vehicle into orbit
requires proper timing of t;he.ut;ellite engine ignition and léngth of
burning., These functions are controlled by the vehicle $SS/D Timer and
gui'dance integrator. -Provision has been made for adjusting these f:i.ming
functions by ground command’ through the Verlort-beacon link. Command ;5
('time-to-fire correction) will delay initiation of the engine firing
sequence by disengaging the timer clutch for the duration of the signal. |
Command ‘6 (velocity-ﬁo-be-gnined correction) will reduce the velocity-
to-be-gained setting in the 3u1daﬁce :l.ntegrator. by approid.mat:ely 50 £t/
sec for each second of command duration., As a backup in the event no
ground commands are received by the vehicle, a mominal i.gnition déluy
set into the orbital prograumer is utilized. Cowmand -6 wust be trans-
mitted immediately following'temination of COnﬁand 5 in order to over-
ride the orbital programmer hold on the SS/D timer. This necessitates
transmission of at least 1 second of Command :6.

The requii:ed guldance commands ('5 and 6) are generated by
the Point Mugu Verlort (Fig. 2-8). (See paragraph 1.5 for possible

elimination of this requirement ) The Point Mugu Verlort 1ﬁc1udes a

guldance (time-to-fire) computer (Fig. 2-9) to provide the necessary
command corrections for deviation of the booster -from. the nominal flight
path. These corrections caen be performed within deviation limits of
-_l;lOo in azimuth and elevation and 33.3 k-yards in range from pre-get
nominal trajectory parqnieters. As a back-up to the guidance computer,
nominal values of the guidance commands are pre-set. into the ‘gui_dance
command panel for transmission to the vehicle in the event of computer,

mal function. The computer operator can switch the Verlort KY-94 command

encoder input from the computer to the guidance command panel of the
station master control console in the event vehicle trajectory deviations
exceed computer limits. The timing start switch on the gui.dn_ige command

2-21
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Fig. 2-9 Guidance Computer
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panel is also the source of the TL' or lift-off, signal which activates
the computer time base. The nominal command values from the ground are
preferable to the nominal airborne delay since the ground command can be

executed with greater precision.

Guidance Computer. The guidance computer (Fig. 2-9) normally
controls the Verlort KY-94 comumand encoder for the issuance of Commands
5 and 6 to provide the necessary second stage guidance. Nominal flight
trajectory'paramete:s are pre-set into the computer, where, at two pre-~
set timing intervalé, they are compared with the actual trajectory of the
vehicle in flighﬁ as determined by the tracking radar's azimuth, elevation,
If the vehicle follows the nominal flight path, then

the duration of Command 5 and 6 is fixed at the preset value inserted

and range data.
into the computér. If the vehicle deviateg from this flight path, either
by change of direction or by traversing the flight path too quickly or
slowly, then it is necessary to vary the duration of each command. The
correction to the duration of each command serves to place the vehicle
into a more desirable flight path depending upon the extent of booster
deviation. The actual duration of each command can be represented as
the sum of a predetermined duration and a corrective duration. The
corrective duration is solely dependent upon and proportional to the
instantaneous difference between the vehicle's space coordinates furnisghed
by the radar and the predetermined space coordinates at two pre-determined
sawpling times after 1iftoff but prior to the start of either command.

' The sequence of events that must be followed is 11lustrated
below in Fig. 2-10. ‘

’I " ,l ‘ g
T I,

TL = LIFT OFF (zero time) TF = Time of end of Cowmand 5

and start of Command 6

T1 = Time of first sampling Tb = Time of end of Command 6

T3 = Time of second sampling

'r4 = Time of start of Command

-M- Duration of Command §

3 A2 = Duration of Command 6

Fig. 2-10 Guidance Computer Sequence of Events
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The time IL'represqnts time of 1iftoff of the vehicle and
zero time for the computer, At Tl' three instantaneous. differences are
formed, scaled into time corrections, and retained for future ugse. The
differences are a range difference, an azimuth difference and an_ elevation
difference. They result from subtracting observed missile range, az’imutﬁ,
and elevation, respectively, from theoretical range, azimuth, and elevition
at time Tl' For each difference, there are two independent gcale factors,
-one for each command. After applying the scale factors and summing
appropriately, the results are two time t:orrections, one for each command. -
These corrections are stored for future use,

At time ‘1'3, two more corrections are formed, identigally_as'
they were at time 1‘1, except that the theoretical Space coordinatesg are
different, and the scale factors for the second sampling are independent
of the first set. '

At time '1'4 the first command, 'éomn'd 5, is turned on and
remains on until time TF' The interval between Tlo and TF equals the

- algebraic sum of g predetgmined interval and the corrections developed
for Goumand 5 at sampling times Tl and T3. Depending upon the vehicle's
flight path, each correction may independently add to or subtract from
the predetermined interval to form the actual duration of Gommand 5.

At time TF’ Command 5 1g discontinued and the second command,
Command 6, s turned on and remains on until time.'rc. The interval
‘between time 'J.'F and time TG equals the algebraic sum of another predeter-
mined interval Plus the two corrections developed for.Command 6 at
sampling times T1 and 1‘3. These two.corrections way - dlso 1ndepengient1y
add to or subtract from the predetermined interval to form the actual
duration of Command 6.

In order for the guidance computer to satisfy the above re-
quirements, it requires as inputs the actual vehicle-coorgiinates and a
signal- designating time of liftoff. A1l the other quantit:ies, which
are the theoietical coordinates at béﬁh sampling times, the bredetermined
times after 11ftoff of both samplings, the starting time and nominal
duration of both commands, and the gcale factors for both intervals,
are presget ﬁithin the computer prior to liftoff. Also built into the
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computer is a time base generator, which is activated by the liftoff
signal from the guidance commqnd,panél. - The outpﬁt of the time base
generator is prOpbrtional to elapged time after liftoff. When the time
base generator output equéls each of the préset and corrected times,
relays are activated, uhich, in combination with the appropriate circuits,
carxy out the sampling, the development and storage of the corrections,
the insertion of the corrections, and the start and stop of both
commands . . ‘

Guidance Cowmand System Analysis. Operational experience
has resulted in sole dependence upon.the Pt. Mugu guidance computer for
computation of ground guidance command corrections.. The manual back;up
méthod involving operator computation of corrections utilizing the plot-
board has been discontinued since there is insufficient time available
for the necessary computation and because of the reliability experienced
with the guidance computer, The.manual back-up methoé of computation
required meiauring the deviation of the plotﬁed launch ttajectory from
the pre-plotted nominal trajecto:y, in terms of required time corrections,
éc two points during second-stage coast after boost. These time

mission, if necessary, as decided by the guidance computer operator,

. Deviations from nominal in the launch'trajectory beyond the
v10° azimuth and elevation angle limits and the 33.3<kiloyard range limits
of the guidance computer will result in dverloading of the associated
d-c awplifiers. This could produce improper time durations of command
5 and 6 without any external indication to the computer operator. To
overcome this condition, infommation regarding the conformity of the
plotted trajectory with the nominal pre-plot was relayed to the computer
operator by the plotboard operator. This is satisfactory except fof
marginal conditions difficult to interpret, Almodification to provide
@ more positive indication to the computer operator was installed by
IMSD, the operating agency, at Pt. Muguf An indication of azimuth, ele-
vation and range deviation at the two look-points was provided by installing
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2.2.10 Calibration System :
The Verlort installation includes the following auxiliary

- equipment for calibration purposes.

a. Boresight telescope

b. Boresight camera (Fig. 2-11)‘

c. Boresight target boards

d. UHF signal generator (HP616AR)

e. Counter (ﬁeckman 7360R) .

~ The boresight telescope, boresight camera, target board-,

and signal generator are used to calibrate the angular tracking accuracy.
The counter is used to determine the range master oscillator frequency
to estabiiah an accurate base for range tracking. The counter is also
used in determining the command tone frequencies of the pulse coder.

‘A beacon target is simulated by feeding the output of the
UHF signal generator via coaxial csble to an r-f feedhorn mounted on an
optically patterned target board (Fig. 2-12). The boresight target
board is mounted approximately 300 feet from the radar antenna providing
an elevation angle of 2 to 3 degrees. The center of the feed horn is a
surveyed point and the Verlort angular readouts may be calibrated by
locking on the feedhorn. Parallax compensating referenca points on the
boresight boards allow collimation of the electrical axis of the antenna
and the optical axis of the boresight telescope and the boresight camera.
For calibration purposes, experience has shown that the boresight camera
optics because of their firmer mounting, are less susceptible than the
telescope to axis deviations. ,

The boresight board {s mounted on poles and cannot be regarded
48 a precise calibration reference point for long periods of time. Ran-
dom errors caused by wind loading of the borelight board can be minimized
by the selection of a suitable day for alignment. However, over a period

of time, a systematic error can be introduced because of boreaight board

shift, such as caused by weather and settling or because of shiftg in the
radio-frequency path, caused by chnnges in the terrain that create
reflections of the boresight signal.
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BORESIGHT BOARD RF HORN

Fig. 2-12 Calibrated Boresight Board
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The preferred method f&r calibration of Verlort angular tra-
cking data involves radar tracking‘of a beacon-equipped air craft .and
coiltmating thg electrical and optical axis using the boresight camera.
After collimation a sighting on Polaris through the optics of the camera
is used to calibrate the angular digital data readout.

Boresight Camera. The boresight camera i{s. a Model 624 . Tracking

Camera Assembly consisting of 2 35 mm reflex type motion picture camera,
8 40-inch lens assembly, a data recorder, and a secondary mounting
assembly. The camera is driven by a synchronous motor at .a frawme rate .
of 24 pictures per second and is equipped with a film mugazthe having a
capacity of 400 ft,of film, An'adjuatuble shutter opening that allows
for variations of exposure time is included. A data recorder unit pro-
vides for recording éoded words, tiﬁing signal, and event marker pulses
on three channels simultaneously. The camera is remotely controlled from
a unit located at the radar comsole.

2.2.11 Optical Tracker

The VAFB tracking system includes an optical tracker to pro-
vide slave tracking data to the Verlort during the iﬁitial launch phase.
The optical tracker (Fig. 2-13) consists of a gun director MK51 MOD 3
(modified), a gun sight MK 15 MOD 15 (modified) and a gun camera AN-N-6.

The optical tracker is mounted on a concrete hardstand close
to the Verlort. The director has been modified by disabling the gyros
and setting the range functions to zero, so that it will give present
azimuth and elevation poaition information to the Verlort.

2.2.12 Ground - Beacon Verificaticn (RP-71)

The recent inatallacion of the ground beacon verification
system in the Verlort van permits Qiaual’monitorihg of the tone-modulated
pPulses transmitted by the Verlort in the command mode. Verifications of
proper tone modulation utilized for command purposes is indicated by
illumination of appropriate toﬁe and command indicator leamps on the
monitor unit. A van-mounted S-Band beacon of the type used in the vehicle
is triggered by suitable transmitted commands,which may be obtained at
either the directional coupler or the boresight board feedhorn cable
connectors availabe at the boresight racks. The transmitted pulses
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Fig. 2-13 Optical Tracker
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arebattenuated by the directional coupier and by an adjustable .attenuator
in the ground beacon verification unit to approximately 40 dbm to pre-
~ vent blocking in the beacon receiver ., A microammeter is provided which
under these conditions reads approximately 10 microamperes (dependent
on the selected PRF)., The tone-modulated pulses are demodulated and .
decoded to activate beacon tone and command relays to provide.the visual
indications. Additional relay closures are available for recording and
remote indicating functions as required.
2.2.13 Anti-Beacon Cagture Circuit
Paragraph 2.4.2 contains a description of beacon capture
problems which can be encountered with two radar actively interrogating
‘the beacon. The anti beacon-c;ﬁture circuit modification (RP-68) pro-
vides automatic rephasing of the Verlort master rangé PRF vhen beacon
capture occurs. This is Hdone by resetting 'the final phantastron in the
Verlort master range unit, with the loss of gated video. This reset
action causes the Verlort magnetron to be triggefed 1200 microseconds
earlier than normal, shifting the relative PRF phasing with respect to
the capturing pulse. This shift corresponds to approximately 50 per
cent of the 410 PRF spacing.
2.2.14 Passive Track Modification (RP-67)
Due to the beacon tracking and commanding difficulties
experienced with multiple active radars, as described in Section 2 .3.2,
and the desirability of getting as much tracking data as possible during
the visible portions of an orbit, a passive track modification (RP67, -A
and -B) was installed to petmit a radar to track. passively utilizing
the return of another radar and thereby provide valid angle data. This
modification provides for the selection of either the ART (Automatic
Range Tracking) gate or the beacon video return to trigger the early and
late track gates. This in turn makes the angle track gate. The video
in the remote video and agc chassis will be delayed 1.0 microseconds in
order that it be coincident with' the angle track gate when the beacon
video return is used to trigger the early and late gate. Only the video
in the range gate is used.
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The modification also provides. an additional- punched
"Qual:lty Bit" on the teletype tape output of the D/TT  converter when
the Verlort is in the "Passive Track" mode of operation. ' This bit -
appears on the tape in place of the 10 yard range bit (R18)

.2 15 Equipment Cagabilitx
Receiving System.,

a. Traveling wave-tube mplifier: Minimum giin ia
25 db over 2700- to 2950~ mc.

b. R-F filter: Approximately 0.5 db i.nsertion loss,
bandpass is 30 mec.

- €. *Wavemeter: +1 mc accuracy over tuning range of
2700~ to 2950- mc.

d. I-F center frequency: 30 + 0.5 mc.
e. I-F bandwidth: 2.75 +0.25 mc at 3 db points.
f. AGC dynamic range: Minimum of 65 db.

g. Beacon delay: Continuously variable 0- to 600~ yard
- delay of tracking gate.

h. Minimm discernible signal: Below -103 dba.
1. Noise figure: 9 db maximmm

Jj. General: Dual i-f strips and local oscillators
permit simultaneous radar and beacon tracking;
radar AFC circuit referenced to transmitted
frequency; beacon AFC circuit referenced to
received signal.

o Tragsmitt.i.ng System. :
- a. Frequency: 2700 to 2900 mc. (set at 2850 mc) .
.b. Magnetron: Tunable, type 5586.
.C.. Peak power output: 250 kw minimum (300 watts av.érage) .

- d. Pulse repetition frequencies: 410, 512, and 584
pulses per second. (Changed with tracking range) .

e. Pulse coder: Permits transmission of three-pulse
code - first and third for coding and second coding
pulse for transmission of 6 qn-off commands by weans
of tone modulated pulse position.

f. Pulge width: 0.8 microsecond_.
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512
410
512
410
512
410
584
410
512
410
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Antenna.sttem.

10-foot parabolic dish.
37 db.
Polarization: circular
Beamwidth: 2.5 degrees at 3-db points.
Conical nutation crossover: 80 per cent.

8.
b‘

£,

Size:
Gain:

Azimuth coverage;

6400 mils,

8. Elevation coverage: -30 mils to +1580 mils.

Range System,

Master Timing:
. (one in use,

b,

C.

Yards x 105 PRF
0 to 0.345 512
0.345 to 0.410 410
0.410 to 0.745 512
0.745 to 0.810 410
0.810 to 1.145 584
1.145 to 1.210 410
1.210 to 1.545 512
1.545 to 1.610 510
1.610 to 1.945 . 19
1.945 to 2.010 410
. 72,010 to 2.345 512
410
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Centigrade.

temperature stability of

Beacon Phasing:
continuously vart

+ 0.0025 ke,

PRF 3w1£ching: Switches automat
to prevent interferen
.and target return,

81.946-ke crystal
one standby) ,

crystals is better than 0.1
Crystals are

+ 1 degree.

Yards x 10

Frequency of one crystal is
able within range of 81.946

6

R A

2.345 to
2.410 to
2.745 to
2.810 to
3.145 to
3.210 to
3.545 to
3.610 to
3.945 to
4.010 to
4.345 to
4.410 to

2.410

2.745
2.810
3.145
3.210

-3.545

3.610
3.945
4.010
4.345
4.410
Limit
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Automatic Range Tracking: :
(1) Range: 10,000-ydslsgc winimum, - _ .

(2) Error: +100 yds maximum at 10,000 yds/sec
tracking rate - S

(3) Ssignal requirements: -98 dbm minimum

(4) Range memory switch: Causés range tricking
rate at moment of switch actuation to ‘be
maintained for a winimum of 4 seconds.

Mutual Range Tracking:
(1) Fast slew rate: 500,000 yds/sec minimum.
(2) Slow slew rate: 40,000 yds/sec +10%

- (3) Aided rate: Continuously adjustable from

Zero to a minimum of 10,000 yds/sec.

Displacement control: Rate and direction of tracking

gate movement determined by speed and direction of
contro; operation, '

Range limit stops:

(1) Lower Limit: Less than 25,000 yards.

(2) Upper Limit: Greater than 4;600,900 yards,
Range displays:

(1) "Dials: Pour direct-reading dials - 10,000

yds/rev, 100,000 yds/rev, 1 uillion yds/rev,
and 10 million yds/rev.

Scopes:’

(1) 2000-yd scope: Sweep. initiated approximately

‘ 1000 yds prior to tracking gate, whosge position
is indicated by a one-microgecond sveep ’
brightener.

(2) 32,000-yd scope: Sweep initiates approximately
- 16,000 yards prior to tracking gate, Displays
2000-yd sweep brightener corresponding to sweep
on 2000-yd scope, )

(3) 400,000-yd scope: Displays 32,000;yd sweep
brightener_correoponding to sweep on 32,000-yd
scope,

(4) Long range scope: Displays two vertical columns
of short--trace sweeps corregponding to the
selected 32,000 yard portions of successive inter-
Pulse periods. The true range of the target being
tracked is indicated by the absence of the target
on one of the sweeps when the transmitter pulge ig
inhibited at q 28-cps rate. The sweep corresponding
to the 32,000-yard portion containing the tracking
gate is intensified.
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Antenna Pogitioning System. -
a. Elevation: -1.5 degrees to +90 degrees.

b. Azimuth: 360 degrees.
¢. Limit switches:

(1) Mechanical: -2 degrees and +90 degrees.

(2) Electrical: Upper.limit at 78 degrees: capable
- of manual override. Lower limit switches at
+7 degrees and -1.5 degrees.

d. Modes: -
(1) Automatic: Controlled by 30-cps error .voltages.

(2) Manual: Manually positioned synchros and follow-
, ups.

(3) PPI: Variable speed motor (0 to 20 rpm)
positioning synchros.

(4) Remote: Controlled by 6ne-npeed‘synchfo
information from remote source. ‘

e. Smoothing: Magnitude of azimuth and elevation smoothing
selectable in five steps each.

f. Drive Motors: (d-c type, shunt-mound)
(1) Azimuth: 1-1/4 hp at 3450 Tpm.
(2) ﬁlevation:_ 3/4 hp at 3450 rpm.

Data Transmiusion-sttem.
a. Shaft-to-digital encoders:

(1) Azimuth and elevation: 16-bit parallel cyclic
binary code representing 0 to 360 degrees. Each

bit represents approximately 19.77 seconds of
arc. .

(2) Range: 19-bit parallel cyclic binary code
representing 0 to 5,120,000 yards. Each bit
represents 9.765625 yards. (Only 18 bits .
utilized; least significart position used as
passive track quality bit), '

b. Analog data: d-c voltages proportional to slant

range, ground range, height, east-west ground range,
and north-south ground range, g

(1) Azimuth potentiometer: At 10 degrees azimuth
angle, sine and cosine voltages are accurate to
0.1 per cent and 0.3 per cent,.respectively. -
Resolution is 0.06 per cent at sine 0 degree or
cosine 90 degrees and 0.005 per cent at sine 90
degrees and cosine 0 degree. Range of potentiometer
is continuous through 360 degrees.
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(2) Elevation potentiometer: At 10 degrees elevation
angle, sine and cosine voltages are accurate to
0.04 per cent and 0.02 per cent respectively.
Resolution is 0.02 per cent at sine 0 degrees or
cosine 90 degrees and 0.002 per cent at sine 90
degrees or cosine 0 degrees. Range is -11.25
degrees to +90 degrees.

(3) Range potentiometer: Linearity is 0.007 per cent,

Synchro data: One-speed azimuth and elevation synchro
data accurate to +1 degree is available for slaving
external equipment.

Acquisition System. This gystem consists of a Reeves orbit
computét and associated equipment capable of sutomatically controlling
radar search to assist radar in acquiring an earth satellite whose
motion and predicted horizon time are known.

Indicator accuracy:

- (1) Azimuth and elevation: Accurate to within +1
degree of position defined by input data.

(2) Range: Accurate to within 10,000 yards of range
defined by input data.

Radar slaving: One-speed synchro data slaves radar to
within +1 degree in angle and +1000 yards in range.

Raster scan: Aid in initial acquisition of satellite
at horizon, ' '

(1) Speed: Greater than 10 degrees per second

| (2) Width: Controllable from 10 degrees to 120
degrees in 10-degree steps.

(3) Vertical movement: 2.5 degree steps.

(4) Height: Controllable from 0 degree to 20 degrees
in 5-degree steps.

Spiral scan: Reacquisition ald if satellite track is
lost during a pass.

(1) Spiral diameter: Controllable from 10 degrees
to 20 degrees in 5-degree steps. : :

Error detection: Pemmits comparing computers'
definitions of azimuth, elevation, and slant
range with those provided by the radar when
tracking satellite in order to upgrade orbit
data.
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2.3 Command System
2.3.1 General

The functions of the equipment within the vehicle are con-
trolled in two ways. Those functions which are repetitive in a pre-
dict;ble cycle are controlled by an orbital programmer, which ig adjust-
able By ground command to compensate for variationg in orbit period,
Functions of a nonrepetitive or random nature are controlled by direct
comm#nd from the gr&und. v |

The basic command loop originates at the Vehicle Command
Controller (vce) console with six command buttons and terminates in gix
respective real-time verification lights, Depressing a command button
applys two DC voltages to the KY-94 command encoder, which issues two
corresponding audio tones for pulse pogition moaulntion‘of the Verlort
command pulse. A total of four audio tones are used, from which six
commands can be generated. The radar transmits its pulse code to the
S-band beacon, which decodes the SIgnal and energizes_two relays,
corresponding to the tones, which control vehicle actions, This response
includes providing two d-¢ signals to the telemetry commutator for relay
via the telemetry link to the console logic. The console logic then
energizes a lamp associated with the transmitted command, indicating
verification of command receipt bj the beacon. Bécause of the deéoding
logic used, only one command can be issued at g time,

‘ The following is the list of vehicle functions controlled by
the six ground commands ffom the VCC. This ig the recent configuration and

Command .1 - Increase/Decrease. Changes the direétion of
=————=.c lncrease/Decrease

the orbital Programmer ll;sécond-increment period adjustment controlled
by Command 2, .

' Command .2 - Step. Provides an ll-second change in orbital
Programmer period in the direction dictated by the increase/decrease .
switch (Command 1).
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Command -3 - Reget. A#tivates oi:bital pProgram tape reéet
" mechanism during the '"reset enable" period of the Program tape for
correlation with selected latitude positions.
Copmand 4 - Payload Function Sélector. Selects one of
eleven payload functions in the vehicle,
. Command 5 - Alternate Re-entry Selector (After Launch
Phasez. Enables or disable alternate re-entry and recovéry.. To effect
re-entry on a non-nominal day, it is necegsary to transmit Command 5
with the increase/decrease switch (Command 1) in the increase position,
The alternate re-entry can be disabled by transmitting Command 5 with
the increase/decreage switch in the decrease position.
Command 6 - Skip/Repeat (After Launch Phase). Causes the
orbital programmer té skip or repeat a Programmer orbit pass. To skip
- an orbit pass, the increase/decrease switch (Command 1) must be in the
increase pesition when Command 6 is _transmitted. To repeat an orbit
pass, the‘increase/decrene switch must be in the decrease position when
Command 6 is transmitted, | ‘
During the launch phase, Commands 5 and 6 are utilized
for the launch guidance function., This function ig performed.at Pt. Mugu
utilizing the guidance computer backed up by the command guidance panel.

Commands 5 and 6 perform the following functions during the launch
phase:

Command .5 - Time-to-Fire Correction (Launch Phase) . Adjusts
the time of second-stage ignition. | |

Command 6 - Velocit ~to-be-Gained Correction Launch Phase).
Adjusts the leﬁgth of second-gtage ignition. |

2.3.2 Vehicle Command Controller (VCC) Console

The VCC console (Fig. 2-14) provides q weans of initiating
the real time commands for vehicle control and providing a visual pre-
sentation of time intervals pertaining to vehicle position. These
fuﬁctions are furnished respectively by the command control unit and the
"time indicator control unit, with associated equipment. The vCC is
locatéd in the station mster control ¢onsole,
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Command dontrol Unit. The command control unit consists of.
a édnt_rol logic section, a véﬂﬂéaticn matrix, a period adjust c&unter,
and a meang of initiating commands and displaying a record of thoge
commands initiated and verified, '

The coumand control pPanel contains the six command button.
switches for control of vehicle functions. Activation of the command
svitch selects two asgociated tohps in the command encoder which time
modulates a radar pulse. The tone combinations selected for each of
the six commands are given below. '

Command Ione Combination
A'ahd B
B and C
A and D
A and C
B and D
_ Cand D

The original configuration has the tones for Commend :2 and
‘4 reversed. Experience revealed tone A to be less reliable than the
others, due to harmonic susceptability. Due to the high use factor of
Command '2 compared to Command 4, the tone coﬁbinations were reversed
(EC-99) to provide more reliable Command 2 operation,
: - The command logic is capable of the following:

a8. Identifying the commands manually initiated.

b. Initiating the command aignal for a given interval
as follows: ' ‘ '

VW N e

(1) Commands 1, 3 and 4 for one-second, repeated at
l-second intervals for actuation period,

(2) Coumand 2 at Intervals of one second on and one
second off for the number set into the period
adjust counter.

(3) Command 5 and 6, continuous transmission for
length of actuation.

¢. Indicating that verification has been recelved for
- the command initiated.
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d. Providing interlocks to establish the following
priority of command sequence: .

(1) Command 4 ig to lock out all other commands.,
(2) Command 3 is to interrupt comwmands 1,.2,.5 and 6.

(3) Command 2 is capable of being interrupted by any
command "without affecting the cycling nature of the
command. o

A Associated with the six command switches are six verification
lights which indicate that the command loop has begn' completed. .'J‘.‘he‘
verification watrix receives, recognizes, and identifies the verification
signal for a particular command transmitted, and pProvides an indication
that verification has been received. The verification loop utilizes a
commutated telemetry channel which early operations revealed was subject
to synchronization problems producing spurio_us'indications of verification.
A sync alarm was added to Provide an indication of a non-gynchronous
decommutator condition to invalidate verification indiéationa duriﬁg
this period. | | ‘ '
The period adjust counter counts the number of commands
transmitted for Command 2. The number of step commands required are
set in, using the dials below the indicator, The step command sequence
1s activated using Button 2. The command is then reﬁutedly transmitted
until the indicator displays the same number as that set on the dials.
The counter recognizes when a coincidence exists and disables the command.
Activation of the reset switch sets the indicator to zero
.a'nd.'fn‘llows Commands 1, 2, 3, and 4 to be re~-issued without clearing the
panel. :
A reset monitor light indicates the enabled perio‘d of the

vehicle program tape reset functions l; furnished by the beacon tele-
metry link,

, Time Indicator Control Unit. The time indicator control
unit consists of a TOC (Time of Crossing) accumulator, TTR (Time to Re-
set) accumulaf:or and & logic section. The TOC and TTR with associated
contxols are presemted on the time indicator control panel,

, GOVERNMENT & INDUSTRIAL GrOUP
PHILCO -SEGRH WESTERN DEVELOPMENT LABRORATORIES



WDL-TR1294

‘ The TOC (time of crossing) display is a six-digit time
display which can be preset- to any number (normally syafem-ttme). It
counts up in- seconds from that number. The latitude crossing unit: on
the plot boards can proiide a signal to stop the TOC display when the
Plot crosses a pre-set latitude. Thus, the TOC can be used to provide
the system time that the vehicle crossed a selected latitude.

The TTR (time to reset) display shows the same six~-digit
time word as the active TOC displcy. When the time ﬁo reset the vehicleA
programmer has been cplculated‘and set in below the TTR display, activa-
tion of the coincidence switch will enable automatic transmission of
the progrsumer reset command (Command 3) when the TTR display coincides
with the'pte-aet TTR time, ’

The time indicator comtrol logic is capable of;

a. Clearing both the TOC and TTR accuhula:ora to zero.

b. Simultanecusly setting any time word into both the -
: TOC and TTR accumulators.

¢. Recelving and counting one second timing pulses.

d. Recognizing TTR coincidence.

e. Stopping the TOC accumulator either from a remote switch
closure or a manually operated switch on the indicator
control panel.

Associated with the VCC and located on the tracking indica-~
tor panel, which is adjacent to the VCC, are meter indications of the
following vehicle data: (See Fig. 4-39)

a. Temperature. Four meters are used to provide a real-
time telemetered indicstion of the following vehicle
equipment temperatures: radar beacon, power supply,
command decoder, and telemetry transmitter. Associated
with each of the temperature indicators is an alarm
light which indicates that a limicing condition existg
and the vehicle equipment must be turned off. These
indicators have not been utilized since telemetered data
on these functions has not been provided. : ,

b. Beacon Power. The beacon power indicator-provides a
real-time telemetry indication of the beacon output in
response to radar interrogation.

‘\¢. Beacon Signal Level, The beacon signal level indicator .
. provides a real-time telemetry indication of the radar
signal received by the beacon.
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2.3.3 85/L and Timer Readout Pamel (Pig. 2-15)
With the replacement of the 88/H vehicle timer by the .
Fairchild Ofbital Programmer, an additional panel wus,inatalled adjacent
to the VCC at all Discoverer stations except Pt. Mugu, to provide a
status indication of certain vehicle functions, This ig the SS/L and
Timer Readout Panel (RP-39) which provides the following:
' a. A display of timer‘period in numerical step position

and 110-gecond stepper switch in the vehicle Programmer
(EC-117). The indicated step position may- vary from
00 to 99, representing orbital periods from 90 to 108.15
minutes. This represents a change from the original
configuration, where the orbital period readout was made
in seconds with telemetered positions from the stepper
switches representing 10 and 100 seconds respectively,
However, a slowdown of the basic timer frequency to

The input for each indicator is a 10 level 0-to-5 volt
d-c signal with each one<half volt level corresponding
to each of the ten positions of the interval stepper,

b. An increase/decrease display to indicate vwhether the
timer is set to increase or decrease its period when
timer step commands are received. The input signal is
Zero. volts for INCREASE and S-volts d-c for DECREASE,

¢. A number display corresponding to the telemetered position
of the SS/L stepper switch, This position is telemetered
as a four-bit binary gray code.repreaenting decimal
numbers 1 through 11. The 8S/L readout contains the
logic to convert from the gray code to the decimal out-
put. '

The following readout were added (RP-74) to the SS/L and Timer Readout
Panel after the fnitial installation, '

d. A tone tell-tale display providing a more reliabie means
of verification for commands #1 through #4. The tone
tell-tale verification loop uses four frequencies on 4
continuous telemetry channel; one for each command ,

This avoids the decommutation sync difficulties of the
normal verification loop. '

€. A re-entry selector indicator which provides a NORMAL
indication until g telemetered signal activatesthe
ALTERNATE indicator as the result of an alternate re-
entry command (Command 5) transmission.
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The installation of the SS/L and Timer Readout Panel included
the fdllowing.changes to the VCC:

a. Command 1, 3 and 4 -- Latching of the verification
lamp was eliminated to permit repeat commands as
required, :

b. Command 2 -- The available number of step commands was
increased from 39 to 99, The counter was rewired to
Provide counting of issued commands only. The reset
switch was rewired to permit unlatching of the switch
and verification lamp.

2.3.4 Guidance Command Panel

During the vehicle launch and ascent phase, the command
control panel in the vehicle command control console at Pt. Mugu is
~ replaced by the guidance command panel (Fig. 2-16). This panel provides
the vehicle command controller with a backup command capability for
adjusting the time and duration of second-stage-ignition if the guidance .
computer fails. ' : _

Time Display. The time display is a three-digit number
counting seconds after 1ift off. This display is manually started when
the 1ift-off tone is received from the block-house over the intrastation
communications system,

First and Second Marks. The first and second mark circuitry
proyidesbtwo sequential signala.of one-gecond duration when the elapsed
time after 1lift-off coindides with preset first and second look marks,
These signals were used to interrupt the Plot board trace within the first
and second look nomograms as part of the manual guidance computation,
which is no longer used. (See Paragraph 2.2.6.)

Commands 5 and 6. Nominal values for Commands 5 and 6 are
preset in the panel in terms of elapsed time (in seconds after 1ift off)
of initiation and termination. The three times involved are Time to
Fire Five, Time to Stop Five and Start Six, and Time to Stop Six. When
the elapsed time after 1ifc-o0ff coincides with the preset times, commands

of the proper duration are available for use as the command encoder input

at the discretion of the guidance computer operator. (See Paragraph 2,2.9.)

Visual indication of the active command interval and verification 1ig
provided. ‘
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Fig. 2-16 Guidance Coumand Panel
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Manﬁal switches are provided for Commands 5 and 6 to over-
ride the sutomatic function if necessary. Direct access to these -switches.
has been blocked to eliminate the possibility of manual activation during
an operation.
2.4 §S-Band Beacon Syﬁcem

In order to achieve the long-range tracking necessary .in the Dis-
covefer Program, a radar beacon transponder for operation with the Ver-
lort Radar is carred in the vehicle. Thé link also provides a vehicle
command capability by using a command decoder with the transponder,
(Figures 2-17 and 2-18.)

Radar beacon Types 3bb-2 and 3bb-2A (Avion Type 449 and 449A) have
been utilized since the start of the Discoverer Prbgrqm, but delivery
of this item has Seen discontinued. A transistorized version of the
beacon, Type RT-5, has been developed and 1is being delivered to ﬁeet
Discbverer requirements. However, it is anticipated that future Discoverer

"requirements will be met by ‘either of these two beacons since a number

of the original Type 3bb-2A are still available. The following are the
major advantages of the transistorized beacon Type RT-5 in comparison
with Type 3bb-2A:

a. Lighter weight

b. Better X- and C-band rejection

c. Better image rejection

d. Lower input power requirement

e. Wide operating range in input voltage

f. Greater expeéted reliabilicy.

For tracking, the S~-band beacon responds to two interrogation pulses
by transmitting an output pulse. The closest interrogation pulse spacing
18 21.35 microseconds with five addAtional 3.05 microsecond steps avail-
able. . o

When issuing a command, the Verlort radar ttansmits a three pulse
code (See Pig. 2-4). The first and third are the preset tracking pulses

~ and the center pulse is the command _pulse, which is position-modulated

4about a rest location 9 microseconds before the third pulse. Modulation

is accomplished in the Verlort radar with two linearly mixed audio tones.
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Type 3bb2 Beacon
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The comparator in the command.decoder.reproduces the .two iudid tones,

which are filtered, rectified, and amplified to operate two corresponding

relays.

command receipt.

2.4.1

con transponders have the following characteristics:

System Characteristics

One set of contacts on each relay is available to control the
desired vehicle action and the other set is for telemetry verifying the.

The Type 3bb-2A and the transistorized Type RT-5 S-band bea-

(Characteristics

of the transistorized beacon (T&pg RT-5) which are different are in

The beacons are composed of the following components:

parenthesis.)
— General.,
a. S-band superhetrodyne receiver
- b. Two-pulse interrogation decoder
¢. S-band transmitter
d. Power supply
B e. Command decoder

This: document contains information affecting the notional defense of the United States within the

U. 5. C., Sections 703 and 794.

PHILCO

Component Details’

a. Stability
b. Life
¢. Physical
d. Receiver:
(1) Type:
(2) Prequency:
(3) Sensitivity:
(4) 1-F frzquency:
(5) Bandwidth:
(6) Image rejection:
(7) Interference Rejection:
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+2 ucs
250 hours (.99 reliability)

600 cubic inchés
30 1bs (500 cu. in/20 1bs)

Superheterodyne
2800 to 3000 mc; set at

- 2850 mc

=70 dbm minimum for 100%
triggering (-65 min., -70
wax)

60 mc (50 wmc)
8 + 2 me
30 db maximum

(C- and X-band of -35
dbm)
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e. Intgrrogation decoder:
(1) ' Type:

“(2) Accepted signal:

(3) Recovery time:
f. Transmitter:
(15 Type:

(2) Frequency:

(3) Peak Power:
(4) Pulse width:

(5) PRF:

(6) Response delay:

(7) Recovery time:
8. Command Decoder

(1) Punction:

(2) Pulse position:

(3) Position modulation:

WDL-TR1394

Multivibrator delay and
coincidence diode

Radar pulses Nos, 1 and 3,
0.8 microsecond wide,
spaced from 21.35 to 36.6
microseconds at 3.05 micro-
second intervals. Pogitive
rejection at +1.5 micro-
seconds from specified
interval. T

45 microseconds (less)

Triode and cavity, plate
wodulated :

2800 to 3000 mc; set at
2920 mc '

1.8 kw minimum, single
pulse (1 kw min - 2.6 kw
max)

0.8 + 0.1 wicroseconds at
half power points (0.8 +
0.2 microseconds) .

Full power; 200 to 1250
PP8, reduced power up to
2000 pps (Full power:
1600 pps)

1 + 0.5 microsecond

200 microseconds maximum

Demodulation of the command
pulses to provide the vehi-
cle with on-off dpmanda

9 microseconds before radar
pulse No. 3

Swing: 2.5 (2.75) micro-
seconds for each of two
audio tones. Total swing:
5(5.5 + 0.5) microseconds -
peak-to-peak under simult-
aneous modulation of two
tones.
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(4) Tones demodulatéd: Four: A at 73.2 cps, B
at 91.5 cps, C at 122.0
cps, and D at 154.2 cps.

(5) Number of commands: Six on-off commands ob-
tained by the combined
closure of two tone-acti-~
vated relays. Command
rniumbers and the tones re-
quired to produce them are
as follows:

Command Tone
' A+ B
B+ C
A+D
A+ C
B+ D
C+D

[- BV B NV L

(6) Command Response Time: 200 milliseconds
Receiver Bandpass Response Type 3bb-2A. Figure 2-19 shows

the beacon receiver bandpass curve (dbw and dbm versus frequéncy) plotted
in absolute power. This allows a direct determination of the'power re-
quired at a given frequency to cause interference to the beacon. The -
curve is sufficiently narrow (60 db down at 40 mc) to eliminate much of
the possible S-band interference. Also, the image frequency response is
sufficiently below the nommal threshold (greater than 30 db down) that
other radars operating at that frequency should not pose a serious inter-

ference problem at orbital distances.

X- and C-Band Response, Type 3bb-2A. Because of the nature
of the cavities used in the preselector, it is possible for them to operate
in a different mode at certain frequencies higher than those'fo: which
they were designed. This factor, plus the presence of local oscillator
harmonics, can cause the beacon to respond at frequencies widely removed
from the desired ones. _ :

Figure 2-20 is a plot of maximum sensitivity versus frequency
of the beacon, covering the spectrum from 2 to 12 kmc. At two points,
8.26 and 8.4 lmc, response occurs at only -41 db and -35 db, respectively,
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from normal threshold. This was felt to be sufficiently high to warrant
installation of the low-pass filter within the beacon package.

General. The following interference analysis pertains to
the Type 3bb-2A beacon. Although similar experience is not yet avail-
able on thebtransistorizqd beacon, it is anticipated the transistorized
beacon is subj;ct to much the same interference considerations, although
to a lesser degree.

As a result of tests and actual operating experience it has
been found that under certain conditions, blocking of the:interrogation 'and
command pulses could occur. Under the most serious conditions, this could
cause the Verlort radar to lose track, or in some instances, it could
cause the breaking up of a desired command or the generation of a false
one. , ‘ ‘
- The susceptibility of the system to blocking under certain
types of interference appears to be due mainly to the type of circuitry
used in the beacon, and, at higher interrogation rates, to the funda-
mental limitations of the interrogator-transponder duty cycle and minimum
recovery time considerations. v

The susceptibility of the command function to interference is
due mainly to the fundaméntal limitations of the tone-modulated pulse
position system used and of the circuitry of the decoder umit,

False cowmands must be eliminated entirely sinée, in some
cases, such an occurrence could mean loss of a vehicle, and therefore,
'the failure of a flight. Blécking is not quite as serioué, since it only
means & lost command or, at worst, a temporary tracking difficulty. The
degree of seriousness is a function of the specific command being sent
and the duration of the blocking. ‘

- Tracking Interference. Two types of tracking interference
occur. These are designated as "beacon blocking" and "beacon capture',
For either condition to exist, sufficient energy must be available at
the beacon to triggér the transponder.
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Beacon blocking. is expressed.as the percentage of time. the
beacon fails. to reply to a proper interrogation pulse group because of
interference. This can vary from zero to nearly 100 per cent, depending
on the severity of the interference. Beacon. blocking is distributed
evenly when under the influence of random interference, and achieves a
very high percentage of blocking at a cyclic rate when due to interfer-
ence from a radar or radars whose PRF's are very close to or at multi-
Ples or sub-multiples of the prime radar's PRF. |

The beacon requires two pulses of the three-pulse group
transmi:ted by the radar to generate the singie-pulse response used for
tracking. This interrogation code is composed of the No. 1 code pulse
and the No. 3 radar pulse (see Fig. 2~4). The No. 2 pulse or command
pulse is not part of the interrogation function. ‘ |

The separatioh of the No. 1 pulse and No. 3 pulse can be
varied from 21.35 microseconds to 36.6 microseconds, in stepl of 3.05
microseconds, to provide six interrogation codes. In Discoverer flights,
Code No. 1 is used at a pulse separation of 21.35 miéroseconds;

i After suitable amplification and detection in the circuits
of the superheterodyne receiver, the pulses are applied to the interro-.
gation decoder. Pulse No. 1 triggers blocking oscillator BO-1. Two outputs
are taken from BO-1; one is fed to a diode clamp, and the other triggers
a one~-shot delay multivibrator, the period of which is adjusted to the
interval of the interrogation code in use. Its output, occuring. at the
end of its cycle, consists of a broad pulse approxiﬁately 1.8 microseconds
wide, which can be called the 1nterrogation gate. This gate unclamps the
coincidence diode. If the code spacing is correct, pulse No. 3 arrives
at the diode at the time it is unclamped and goes on to trigger blocking
oscillator BO-2. The BO-2 pulse fires the hydrogen thyratron wmodulator
tube which in turn fires the transmitter tube, sending out :hg reply
pulse. If pulse No. 3 is not presént at the same time the interrogation
gate is on, the beacon will not respond. -

During their action time, the BO-1, delay multivibrator, and
BO-2 cirxcuits are insensitive to pulses which may be applied to them.

After operation, this insensitivity extends ‘into a longer period called
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the recovery time. It ig during this period that the circuit conditions
reset themselves to the'state necessary to repeat an active cycle when
triggered by subsequent pulses. The recovery time of the BO-1 and B0-2
circuits are not very greaﬁ, but the recovery time of the delay multi-
vibrator is approximately 45 microseconds. .

From the above it can be seen‘that a single extraneous pulse,
of the right frequency and power level, can pass through the receiver
and trigger BO-1 and the delay multivibrator. This will not cause the
beacon to respond, but. it will render it insensitive and unable to respond
to a proper 1nterrogatibn code for a period equal to the recovery time .
of the multivibrator. fhﬁs, an interfering pulse arriving at the decoding
circuits 45 microseconds or less before a Proper code group can block the
beacon from responding. A quantum of tracking information will be lost
each time blocking occurs; however, this should not present a serious
problem unless it happens an appreciable percentage of the time,

The most cowmon case of this type of interference will occur
when another radar, at the‘aame frequency but with g slightly different
PRF, passes through the tracking radar PRF. This pass-through will require
a time (when the offending pulse or pulses are within a 100-microsecond
period precedirg the normal trigger time) that ig inversely proportional
to the difference in PRF of the two radars. The condition is, of course,
aggravated if the interfering radar is transmitting two or three pulses
in its pulse group, or if there are more than one interfering radars.
When the PRF difference between the interfering radars and the tracking
radar is less tﬁan 100 cycleés per second, the block achieves high per-
centages at cyclic rates.. At very low PRP differences (less than one
cy¢1e per.secbnd), the periods of total blocking may be long enough to
cause the tfacking radar to go out of 8utomatic track.

At PRF differences greater than 10 cycles per second, the
" interference can be c&nsidered random. Por the random case the percen-
tage of blocking will approximate:

%8 =(1-2"% (100
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vhere _
. ' n = random pulses per second at beacon
t = beacon recovery time A L
 Figure 2-21 shows per cent. of blocking as a. function. of =
random pulse density. Assuming the radar .can functiom with 70.per ceat
of the total available information, random blocking does not appear to
be a serious problem for vehicle tracking. ’

The one exception to the above statement is that the trans- .
mitter requires a minimum of 500 microseconds between pulse transmissions.
Thus, a radar or combination of radars capable of triggering the trans- '
mitter in excess of 2000 pulses per second will cause a high blocking
percentage. ,

Beacon captureis a special case of beacon blocking by an
int'erfering radar capable of trigger\i.ng the beacon at" a PRF a .frlction
of a cycle higher in frequency than the tracking radar. The offending
PRF, in drifting slowly throdgh.thc prime radar's pulses, has the effect of
blocking the prime radar's beacon reply and substituting its own reply
in its piace. Since the offending PRF is slightly higher in frequency
than the prime radar, the beacon reply occurs at a fictitiously shorter
- ~ and shorter range as seen by the prime radar until it is dragged thron.igh
| the radar's magentron pulses and becomes lost. The conditions necessary
for this to occur are as follows: |

‘ a. Correct transmitting frequency

b. Interrogation pulse spacing set to correct code

c. PRF higher by a fraction of a cycle

d. Radar illuminating the beacon for several seconds.

. It may appear that these conditions are rather stringent;

'however, they occur readily in an area such as the launch site where

- ' several radars having' the required characterisitics are located, parti-
culabfl.y when it is desired to "share" the vehicle beacon during launch

operations. ,

Beacon capture may also be experienced with properly calibrated
PRF's during PRF changes which result in near coincident im:errogatian.

Changes in range rates resulting from vehicle motion will also provide a

'pass-through" effect.
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Command . Interference. The same types of interference that. ..
will affect the tracking link will also affect the commanding 1ink, i.e.,

" block and capture. These can cause a command.to be partially blocked

or complete hlocked, depending oh the nature of the interference, the.
durqt;}on of the ':Lnt:erference, and the particular command being transmitted.
Other effects noted, which are peculiar to the command link, are command
dumping and false commands.

’ Partial or complete blocking of a command can occur when. a
sufficient percentage of the command radar's pulses have been blocked by
interference. Too few position-modulated pulses are demodulated in the
beacon command decoder to activate the tone-opérated relay circuits or
keep them activated solidly. ,

‘Suaceptibility to command blocking is not only due to the

‘r.ecovery time of the interrogation decoder circuits and command decoder

circuits, but also to recovery time 1imitations inherent in the gas-tube
resonant charging circuit of the modulator. '

Blocking periods of short duration (less than150 milliseconds)
tend to be overlooked by the command relay circuits due to their hold-in

 time constant.

The intermittent nature of most interference has a tendency
to release the tone relays for only short period ranging from 150 to
800 milliseconds. For this reason there is an advantage in transmitting

. commands for at leasta one-second duration. If interference is present,

This d

this procedure provides a greater chqnce that the relay will be closed
during at least part of this command per:l.od.'

When a command is interrupted, the effect it has on the
vehicle is dependent upon the nature of the specific command being sent.
Because of this, each command, and the effect momentary blocking has on
the command, must be considered individually. Also, it .should be. noted
that an interrupted command may look like several issuances of the same
command, or that the duration of a time-keyed command has'lppnrehtly'been_
shortened,
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Command dumping is .a -condition. evidenced by an apparent.
louering of the position-modulation amplitude (swing) of. the command.
transmission. This condition occurs when three-pulse’ radars are tracking
the beacon while the prime radar is: sending commands., This condition.
occurs even when the secondary radars have properly phased their PRF's
and are not causing. tracking interference. S . S -

v The exact mechanism by which modulation lmplitude is apparently
attenuated is complex and involves an averaging process that takes place.
1n the boxcar circuit of the command demodulation chnin. It appears that
the wanted full-anplitude tone sighals. ‘being danb&ul(ﬁcd~tte tVbttgednbut
with the zero tones (total lack of tones) transmitted by the secondary
tracking radar. Bach time a secondary radar three-pulse group arrives
at~the position-denodulation eircuits, it dunips part of the charge built
up on the boxcar storage condenser by the pulses from the commanding - -
radar. The overall effect is the same as if the commanding radar has
been improperly adjusted to @roduce insufficient command-pulse position
wodulation. This results in eitheg total or intermittent blocking of
‘the wanted command,

Command relay éloaures in the airborne command decoder unit
that are not the result of tones keyed in the pulse coder assembly
(KY-94) of the prime Verlort radar give rise to false commands. Normal
command transmission requires that two of the four tones available be
paired to achieve the two relay c103ure¢ necessary for a single cowmand.
Certain conditions can cause a spurious tone to be produced either outside
the beacon or within the decoder circuits, but the probability is very
remote that two tones will be produced and that each of ‘these will be a
correct frequency. In other words, the changes that a command (two tone
relays closing) will be produced in the beacon when none is being sent
from the ground are very unlikely. v

- An entirely different condition exists when a comnahd is
being sent. During this period two tones are being actively demodulated
(to produce one comnand) . If a spurious tone, at one of the other two
.acceptable frequenciea, appears during this time, it will combine with

each of the two tones already present and create two additional, and

false, commands.
. 2-62
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The spurieue tone can either be at a correct tone frequency
or be of -a frequeacy which will add, subtract, .or otherwise .combine with
the tones present, their harmonics or subharmwonics, and form a new tone
which falls in the passband of one of the tone filters. | S

The density of'intetference required to cause the position
demodulation -circuits to produce a spurfous tone is,. fortunately, .quite:
high. Also, more than one of the interferring radars must have .PRF's
which differ in frequency from the.prime radar PRF by specific amounts
so that the ‘combining mixing, or beating phenomena necessary for. spurlous
tone.generation at a correct frequency can.take place. e

High-level electrical noise produced within the vehicle by
arcing electrical equipment such as switches, reley~contecte, vibrators,
motor commutators, etc., can get into the sensitive receiver citcuiuef
and heve ‘the ssme effect as random radar interference.

It is interesting to note that the interfering-tone can .come
about. by either amplitude modulation (blocking) of.the *‘catrier'.(PRF),
g:,thelintetferihg pulses can ride through the prime radar pulsé group
and he detected, pulse position-wise, as if they belonged to that gtoup.
During periods of very high density interference, both conditions-are.
present.. S o

The fact that these circuits are sensitive to amplitude .
modulation of the PRF makes them vulnerable to conditions which affect
the signal level of the radar pulses as seen by the beacon. The depth
of modulation must be sufficient to cause the signal level to drop below
triggering threshold during all or part of the negative half of the
modulation cycle. This can be caused by the following conditions:

a. Nutation of the radar beam when slightly off terget at
long ranges (threshold eignel conditions) .

b. Nutation of the radar mein lobe or eide lobes when fer
off target at short ranges.

¢. Rapid tumbling or rolling of vehicle.

d. Vehicle traveling at high speed through Fresnel zones
of radar beam at great distance and low elevation.
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a high rate (amplitude modﬁlation) occurs.as in (a) and (b) .above, due
to the conical scanning of the radar beam. Wheq”the radar ig locked-on
in automatic track, the vehicle ig evenly_illuminated by the radar;
however, when the radar {s nof looking directly at the vehicle, the
gignal strength, as geen by the beacon, follows g cyclic amplitude
modulation at the 8can rate of 30 cycles. ‘

three of the tone frequencies used, and produce spurious tones which can
fall within the Passband of three of the filters. The tone frequencies
with which 30 cycles will react, the spurious tonesg Produced, the falge
comﬁnnd pProduced, and the Susceptibility each command has of being pro-
duced faigely is presented in Table 2-2, The last column of this table
indicates the number of timeg that the particular command could pPossibly
be registered falsely during any period in which all 8ix commands were
sent, {.e., Commands ] and 3 agre the least susceptible and 2 and 6 are
wost susceptible to being fnlseiy Produced.

The datq in Table 2-2 represents what {g theoretically
poasible.‘ In practice the interaction ig not as severe as {¢ appears
at first glance in the tabulation, The effects!.have been noticed,‘how-
ever, during both laboracory and flight tests, The increased tendency |
of Commands 2, 5and 6 to dppear as fa}se commands was quife diacernable;
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Minimizing Interference. The type 3bb-2A S-band beacon transg-

ponder in conjunction with the Verlort radar is able to provide a satig-
factory ground-space tracking and command link under wost of the conditions
to be encountered dqring the launch and subsequent orbital phase of
satellite operation. However, to assure reliable and 1nte:£ereﬁce-free
performance, certain pfecautions muét be observed in the initial tune-up
and aligmnment of both the airborne and ground-based components of this
link, ‘

The reliability margin of this link is affected by the pre-
sence of interference. This susceptibility to interference in both the
tracking and commanding modes has been substantially reduced by suitable
modifications to the airborne: beacon. One of these modifications renders
the command-tone demodulator circuita insensitive to two-pulse code‘group;.
It requires that a command pulse be present to alter the charge on the
boxcar condenser of the detector circuit. This eliminates the command
dumping problem since modificntidn of the radar for two pulsé operation
(see Paragraph 2.2.5).

Proper calibration and sharing (phasing) procedures minimize
tracking interference and makevit possible for several Verlo:t radars to
operate in the same vicinity. The anti-beacon capture modification (see
Paragraph 2.2,13) provides automatic PRF phasing when beacon capture
occurs. The reaction time of the anti-beacon capture circuit is sufficiently
rapid to allow an effective portion of a l-second duration cdmnand to be
‘recelved and acted upon.i However, in cases of duration-critical "one
shot" commands such as Commands 5 and 6, ﬁsed for guidance during the
launch phase, a 8sequenced operation of the radars is idvisable.

The impb:tance of proper aligoment of the Seacon and radar
circuits cannot be overemphasized, What was’thﬁught to be equipment
trouble as first encountered in éetforming both.lnborntory and flight
tests was actually equipment maladjustment. It is not’impossible that
this also could be a cause of trouble during an actual firing operation.
For this reason, the following should be kept in mind. Correct operation
is very dependent on tight tolerance in r-f frequency adjuétments, thres-
hold adjustments, pulse positions, pulse time deviltions,_e;c. This makes
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it mundazory that .the radar and beacon circuits be adjusted with.the ut-
wost care, using accurately calihrated.test equipment. . .The "quick.- £ix'" _

’ ruleéof-thunb type of repair, without proper equipment and by inexperienced
personnel, . cannot be made. .Th‘ approved servicing and alignment proce-
dures prescribed for both the radar and beacon wust be carefully followed.

Modifications made to the Avion Type 3bb-2 beacon to .alleviate-
interference are listed here in detail. The modified bescon is identified
as Type 3bb-2A.

| a. Ins:ailation of low-pass filter in r-f input line.

b. Shortening of time constant (recovery time) in the
interrdgation-decodins delay multivibrator.

c¢. Shortening of time congtants (reéovery time) in the
counand pulse delay multivibrator. '

d. Taking the command enabling gate from the output of the
interrogation decoder's coincidence diode instead of
from the output of the thyratron modulator tube.

e. Addition of a transistor clamp circuit in the command
demodulator circuits to render them insensitive to other
than three-pulse groups. '

£. Rewiring of tone relays to provide an interlock feature
which will interrupt the continuity of a command circuit
if a third relay should falsely close due to a spurious
tone. '

2.5 'Analzsis of Vehicle Iracking Data

This is a preliminary analjsin'ind sumuary of the tracking capability
of the ground support equipment for Discoverer flights VI, VII, XI, and
XIII. The tracking data used were the numeric listings generated by the
1103 computer (see Section 6) based upon the Verlort radar and the R-1162
digital tracking data as received frow the various tracking stations via
100 wpm teletype system. Only the data considered of good quality was
analyzed. The definition of good quality required the data to be without
erratic points. The compirison of simultaneous radar tracking data was
achieved by transforming the data of the active station into the
coordinates of the other tracking station. Assuming that the surveys
of the stations are correct, there should be no error between .the trans-
formed data and the other tracking station data due to the transformation
routine.
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' The'comparacive tracking data obtained is not to be construed as
representing the tracking iccuracy of the equipment, since the preliminary
analysis was not extensive enough to reveal the error sources. The
data is presented merely to indicate the need for further investigative
work. Additional analysis 1s in progress in which ephemeris data will
be compared to Verlort .tracking data. Verlort data will in turn be
compared with best-fit curves, and, in general, more detailed comparisons
will be made from which valid operational performance results, may be
expected. _

In the following discussion, the active-active mode is defined as
the case when two Verlort radars are simultaneously active-tracking. The
active-passive mode is defined as.the case when one Verlort radar interro-
gates and receives the signals from the satellite, while one or more
passive radars track the signal from the satellite being interrogated
by the active station. During active-passive tracking, the range data
from the passive radar is not valid.

2.5.1 Discoverer VI

The comparison of Verlort angle tracking.data to the R~1162
data was made for Hawaii Pass 9 and 10. The difference between the two
groups of angle data, excluding bad points, varied from 2 milliradians
to 9 milliradians. If it were not for cyclic tracking error in the
Hawaii Verlort radar, especially during the ninth pass, the difference
between the two groups would be less than 5 milliradians with the
average difference approaching zero. The difference between the two
groups of VAFB data indicated an increase in the jitter of rav data
vhile the slope of the best fit curve through the differences indicated
a possible existence of a calibration error. -

2.5.2 Discoverer VIII

Prior to Discoverer VIII, Modification RP-67, (automatic
passive tracking) was installed on all Verlort radars. This modification
of the Verlort radar permits the passive station to obtain accurate
angle data as the satellite is interrogated by an active station. The
ascent and Passes 8, 9 and 15 ﬁéra‘aﬁalyzéd.
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Only during the launch phase of Discoverer VIII was there
simultaneous active tracking between VAFB and Mugu Verlort radesr which
could be analyzed. The result of the simultaneous active _t‘tacking‘t‘rans-
formation ihéwed the following avérago deviutions:

Elevation -- 10 milliradians rms from the mean.

Azimuth -~ 5 milliradians rms from the mean.

The comparison of the Verlort angular data to that of the
R-1162 telemetry antenna for ascent and Pass 8 at VAFB and Pass 1 and
Pass 9 at Hawaii indicated that the rms deviat:ionA from the mean was less
than 10 milliradians on all angles except the azimuth angle of Pass.9
at llaivaii, where a maximd.difference of 9 degrees occurred at the ﬁoint
of closest approach. The naxinum azimuth angular.velocity for Pass 9
Hawaii was 2 degrees per second, averaged over a four-second period.

The comparison of the ephemeris data with the Verlort
tracking data was performed on Pass 8 Annette, Pass 9 Hawaii, and Pass
15 Kodiak. In all cases the Verlort data led the ephemeris data; on.
the azimuth c;f Pass 9 Hawaii, at the point of closest approach, the
error was as much as 7 degrees. There were also range diffez.-ence'a ﬂth
the Verlort data leading'che ephemeris data until the point of closest
approach after which the Verlort data lagged the ephemeris ‘data. The
bias was as great as 10 nm' on Pass 9 Hawaii. -

Discovefer VIII had o very elliptical orbit, which probably
caused discrepaﬁcies in the comparstive difference between the Verlort

~and the ephaneris data. '
2.5.3 Discoverer XI ,

The three stations, VAFB, Mugu, and Hawsii, were tracking
the passes of Discoverer XI. Very few passes were analyzed since l:he_
quality of the data was very poor. |

The conpa;:iion of the Verlort angular data to that of the
R-1162 telemetry antenna for ascent, VAFB, gave 14.0 williradians rms
deviation from the mean for azimuth and 14.3 'milliz;_adhns rms deviation
ffqm the mean for elevation.
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For Pass 9, VAFB, the azimuth angle comparison gave 9.5
milliradians rms deviation from the méan, and the elevation angle
comparison gave 7.7 milliradians rms deviation from the mean. For Pasgs
10, Hawaii, the azimuth angle comparison gave an rms deviation from
the mean of 9.6 milliradians.gnd the elevation angle comparison gave an
s deviation from the mean of 8.6'milliradians.

2.5.4 Discoverer XIII

Four:stations, VAFB, Mugu, Hawaii and Kodiak, were tracking
during the various passes of Discoverer XIII, and the comparative diff-
erences were obtained between the transformed data and the station data.

| There was an active-active tracking interval during ascent
when both Stations, Mugu and VAFB, were craékin'g for a period of 176
seconds. The azimuth hngle comparison gave 4.4 milliradians rms deviq-
tion from the mean and the elevation angle gave an rums deviation from
the mean of 3.3 milliradians and the range comparative difference was
0.62 nautical miles rms deviatiom from the mean. -

There was an active-passive tracking interval during ascent
and Passes9 and 10. During ascent, when both VAFB and Mugu were tracking,
the azimuth angle comparison gave 2.6 milliradians rms deviation from
the mean and the elevation angle comparison gave 2.4 milliradians rms

~deviation from the mean. During Pass 9, where the Mugu and Hawaii o
Verlort radars were tracking éimultaneously, the azimuth angle comparison
-8ave 5.4 milliradians rms deviation from the mean. . During the tenth
pass, Hawali and Kodiak radars were tracking for about 212 seconds. The
ms deviation from the mean for the azimuth angle comparisdn was 10,946
milliradians and the rms deviation from the mean for elevation angle
comparison was 28.4 williradians. _

The comparison of the Verlort angular data to that of the
R-1162 telemetry antenna for Pass 2, Hawaii, gave for the azimuth angle
comparison an rms deviation from the mean of 9.386 williradisns and the
elevation angle comparison gave an rms deviation from the mean of 9.0625
williradians. For Pasgs 8, VAFB, the azimuth angle comparison gave an _
rms deviation of 1.8588 milliradians from the mean, and the elevation

angle comparison gave an rms deviation of 1.60402 milliradians from the
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wmean. Por Pass 10, Hawaii, the azimuth angle comparison gave 38.2893
williradians rms deviation from the mean and the elevation angle compari-
son éave.an rms deviation from the mean of 19.9511 milliradians.
2.5.5 Conclusion .
In the present analysis, the wide range of apparent errors
indicated that there were several non-random factors present in the
data. Some of the data indicated errors which exceeded any rational

correlation with the physical phenomenon involved in the tracking
system, '
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- SECTION 3

VHF, DOPPLER TRACKING, AND TELEMETRY

3.1 Introduction
' The VHF, Doppler tracking, and telemetry system receives and records

the vehicle im/m te].'énqtry and Doppler frequency data. The major items
of equipment are the 3-1162 telemetry tracker, ﬁhe tri-helix antenna,
the Doppler .receiving system and the telemetry receiving and recording
system. The telemetry tracker is the primary talcnetrj-recéiving an- -
tenna at the V;ndenl;erg and Hawaii tracking stitions. The t:i-hel:l.x
-antenna supplies the signal for the Doppler receiving system at all
stations. The tri-helix also serves as the primary telametry-receiving
antenna at Kodiak; New Boston and Point Mugu tracking stations and as a
backup at. VIS. and Hawaii. ’ |
3.2 Telemetry Tracker (Fig. 3-1, 3-2, 3-3 and.3-4.)

The R-1162 telemetry tracker is a high-gain antenna system capable
of tracking automatically on a CW or FM- telemetry signal in the VHF
frequency range of 216 to 245 mc. The pr;:l.mry}functvion of the system
is to receive the vehicle's telemetry data and convey it to the groimd
station t'.elemeti'y equipment’ .f'or proceu"ing. The antenna also provides )
azimuth and elevation trac’id.ng data in digital form, which can be trans-
mitted to the central computer as a supplement to the information pro-
vided by the radar. Synchro outputs from the azimuth and elevation
shafts of the antenna are used to actuate Plotboard indicators and to
providé _,siav_ing iti'f_fomation to position other local tracking “antennas.

The telemetry tracker antenna system is capable of n;nnu&l, auto-
matic, or slaved operation. Normally, the sy.st:an‘v:'llll operate in the
celf-tuck:lng or automatic mode, using the m telemetry signal from the

" vehicle ag the signal source. Tracking ncéuracy of the present equip-
ment is within + 0.75 degree at a slew rate of six degrees Per second,
The maximum slew rate is 10 degrees per second in both elevation and
azimuth, and the _accelerat‘:ion'nt:e is five degrees per second per second.
Aziput:h coverage of the antenna is 360 degrees. In elevation, the
antenna tracks automatically between zero degrées and 86.deg;eel, and
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Fig. 3~2 Telemetry Tracker Antenna
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Fig. 3-3 Telemetry Tracker Control Panel
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it tracks manually from zero degreeé to 92 degrees. Mechanical stops
are placed at the minus 3-degree and plus 96-degree points to prevent
damage from overtravel. The antenna system includes automatic azimuth
sector scan which can be varied from plus or minus 10 degrees to plus
or minus 60 degrees.

At both Vandenberg and Hawaii the antenna is installed on top- of
a céncrete structure (see Fig. 1-5 and 1-7) and the console control-
equipment is located in the VHF building (see Fig. 4-5 and 4-6),

3.2.1 Antenna

The telemetry tracker receives r-f signals at the 60-foot
reflect@r, vhich focuses them toward the lens in the feed assembly. The
antenna feed assembly consists of the dielectric scanning lens, pickup |
probes, a circular wave guide, a hybrid ring mixer, and a preamplifier.
Conical scaﬁ is provided By rotating the lens at 600 rpm. The acquisi-
tion beam width (Fig. 3-5) resulting from the conical scan is approximately
eight degrees. The conical scan results in amplitude modulation of the
incoming r-f signal at 10 cps. This amplitude-modulated signal is used
to develop error voltages proportional to the displacement of the target
from the center of the scan pattern, and these voltages control the an-
tenna positioning system. The r-f signal is fed from the lens through
a waveguide containing horizontally and vertically polarized r-f probes
to a hybrid ring mixer that combines the signals from the two probes
to obtain circular polarization. In order to obtain a low noise-figure,
the r-f signal is coupled to a preamplifier which amplifies the signal
for transmission through the elevation and azimuth rotary joinés to the
rack-mounted multicoupler. Two preamplifiers are available for redun-~
dancy. A coaxial switch remotely controlled from the operator's posi-
tibh transfers the r-f signal from one préamplifier to the other.

3.2,2 Multicoupler '

The r-f telemetry signai from the output of the preamplifier
is connected to the input of the multicoupler in the control rack. The
multicouplér provides nine individual isolated outputs for further
distribution of the signal. The multicoupler is designed for operation
in the 215- to 245-mc region and produces a 1- to 2-db gain with a
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bandwidth of.approximqtély 30 ﬁe. One output of the multicoupler is
utilized to convey the complex FM signal to the telemetry receivers and

the'auxilinry equipment, and another output is applied to thg ™ rece:lver
by a switch on the console. '

3.2.3 Phase Demodulator

The phase demodulator separates the 10-cps antenna error
signal into its azimuth and elevation components. The phase and ampli-
tude of the 10-cp§ error signal received from the FM/AM receiving system
is compared with the agimuth and elevation 10-cps reference signals re-
cei§ed from the reference generator rotated by the lens-spinner motor
on' the antenna feed system. The azimuth and elevation error signals
from the output of the phase demodulator are d-c voltages which are
proportional to the azimuth and elevation angular displacement of the
antenna with respect to the actual position of the vehicle. The output

of the phase demodulator is applied to.the antenna drive motors after
being filtered and amplified.

3.2.4 Rate Memory

A rate memory circuit is provided which pemits the anténna
to continue tracking at its or:l.giiul rai:e for a maximum of 25 seconds
after loss of a tigtui. The antenna tracks automatically on a signal
input of 1.5 microvolts or higher. " If the signal falls below 1.5 micro-
volts, the rate memory circuit cuts in automatically and continues to .
position the antenna in its original plane and rate with an error of less
than 10 per cent. A relay circuit in the limiter stage of the FM re-
ceiver actuates another relay in the error signal filter unit which
connects the memory circuit into the system. The rate memory circuit is

controlled by the voltage applied to it by the azimuth and elevation
rate generator.

3.2.5 Equipment Characteristics
Antenna

a. Reflector diameter: 60 feet
b. Frequency band: 216 to 245 mc
c. Gain above {sottopic radiator: 31 db

d. Polarization: circular; axial ratio 1,26 or better
e. Scan frequency: 10 cps

f. Beamwidth to half power points (static) 4.6 degrees
3-8 :
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R-F Pregggligier and Multicoupler

a.
b.
c.
d.

f.
8.

Frequency band: 216 to 245 .mc

Gain: 30 db nominal

Noise figure: 4.5 db

Telemetry outputs for data: 8

Output impedance: 50 ohms .

Isolation (between outputs): 30 db minimum

Response: within 3 db of maximum over specified band

Tracking Receiver (Nggg-glg;gg NC1400)

a.
b.
c.
d.
e.

Frequency band: 216 to 245 me

Frequency stability: crystal controlled
Gain: 130 db )
Noise figure: 7 db

I-F bandwidth: 100 kc or 500 kc

Servo System (Manual or Automatic Tfack;gg)

al
b.

C.

d.

e.
£

8.
h.

i.

Overall tracking accuracy at 6°/second: 0.75 degrees
Tracking and slew rates: (elevation and azimuth):

10° per second maximum ' ,
Acceleration rates (elevation and azimuth): 5 degrees
per second per second maximum "~

Elevation tracking limits:

0 to +86 degrees, automatic

0 to +92 degrees, manual

Elevation rate limit switch: adjustable from

=1l to +15 degrees -
Limited elevation tracking rate: 3 degrees per second
from ERI switch setting to -1 degree .

Azimuth tracking limits: none (continuous)
Acquisition signal: 1.5 microvolts at antenna
terminals

Signal below 1.5 pVv: Antenna will continue to track.
with less than 10 per cent falloff ’

- Primary Controls and Indicators

a&. Master pushbutton on-off controls

b. Mode selector for manual, automatic, or standby
operation '

¢. Azimuth and elevation antenna position indicators -

d. - Controls for elevation and azimuth manual tracking
ranges - :

e. Elevation and azimuth relative error signal
indicators

£f. R-F signal strength indicators

g+ Servo limit over-ride

h. Electrical limit over-ride

i. Jacks for telephone attachment

jo Brake indicator

k. Receiver gelect switch (optional)

3-9 .
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Power Reggirggente_
" - a, Motor-generator in';_allation: Three-phase,
60 cps, 208/120 volts, 60 kw
.-b. Control installation: Single-phase, 60 cps,
115 volts, 5 kw

3.3 wur Acquisition and Doppler Tracking

‘The primary objective of the Subsystem H Doppler system (Fig. 3-6)
is to permit acquisition of the vehicle at the earliest possible moment
during a pass within range of the tracking station. This objective is
accomplished by use of the broad-bemAchaucteriltics of the tri-helix
antemna coupled with a sensitive phase-coherent Doppler receiver to re-
ceive fhe output of the vehicle-borne acquisition transmitter. The
second objective is to fecord Doppler frequency data for transmission
to the central computer for processing to obtain such data as Doppler
S-curves and minimum slant range. For this purpose, the tri-helix an-
tenna and the phace-cohcrcht receiver are used in conjunction with
suitable measuring andi recording equipment to pemit ~1:'e'<:or:¢ling of
Doppler frgquency data for transmission via 100-wpm teletype. The in-
fornﬁtion thus provided from several atai;iona can be used to calculate

_limited vehicle orbit parameters.

3.3.1 Vehicle CW Transmitter

The signal from a low powered, continuously radiating VHFP
CW acquisition transmitter in the vehicle is utilized as the niﬁml
source for acquisition and making Doppler measurements. This transistor-
izéd crystal-controlled transmitter has a power output of 10 millﬁatts
minimum at a frequency of 232.4 me (designed to vary slightly according
to the vehicle) with a stability of 1 part in 105. ' The acquisition -
margin at 1500 n.m. is 9 db (Appendix A-2) assuming proper vehicle
stabilization,

3.3.2 Iri-Helix Antenna

The tri-helix antenna is utilized to receive two separate
signals from the vehicle simultaneously. One of these is the CW acqui-
sition transmitter signal and the other is the FM telemetry transmitter
signal at 237.8 mc. The CW and telemetry signals from the u;:l;helix
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. antenna are routed to a band-pass filter and preamplifier installed at
the antenna. The bandpass fiiter helps reduce interference by rejecting
all signals outside its 7-mc bhndpall; The preamplifier provides an
r-f gain of approximately 20 db with i'corrcapondins gain in signal-to-
noise ratio. The design bandwidth of the preamplifier 18 30 mc. The
output of the preamplifier is routed by means of coaxial cable to a
multicoupler located at the,triQhelix control position. The mul%icoupler
connects up to six receivers to the single tri-helix antenna without
degfadation of Doppler system operation. The multicoupler has a uﬁity
gain figure and provides a minimum of 37 db isolation between ouéputs.
Four multicoupler outputs are used to convey the r-f telemetry signal
to the telemetry FM receivers, and one output conveys the CW acquisition
transmitter r-f signal to the Doppler'receiver.v The M telemetry aignél
dbea not interfere with the operation of the Doppler equipment aincelitQ
frequency is outside the pass band of the r-f and {-f stages of the
Doppler receiver. - '

The tri-helix antenna (Pig. 3-7) consists of a three~element
helical array on a hexagonal groundplane, which is mounted on thebyoke
of & rotator. The array can be rotated in azimuth 360 degrees each side
of a center position, or a total of 720 degrees, and elevation rotation
can be made over a full 180 degrees. The antpnha operates in the
,freqﬁencyfrange of 215-265 mc. The three helices are fed in phase, and
each elamen; has a circularly polarized beam with maximum gain in the
direction of the longitudinal axis. Feeding three helices in phase
Provides a reduced beamwidth and gréatet gain than is possible with a
single helix. The resultant beam (Fik. 3-8) of the ;ffay is circularly
polarized with a nominal width of 20 degre:s in both vertical and hori-
zontal-planel and a nominal gain of 15 db. The beamwidth is purposely
broad because of the possibility of nulls in the vehicle transmitting
antenna and because of the uncertainty in the initial acquisition of the
vehicle. The antenna is ciréularly pol&rized to allow for variations

in the polarization of the received signal'resultingvfrom ionospﬁeric
Faraday effects.
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Fig. 3-7 Trihelix Antenna
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The tri-helix antenna control and indicator system positions
the antenna in the desired direction, either manually or automatically.
The antenn; control and indicator panels (Fig. 3-9) are located in the
VHF buzld;nga at Vandenberg (see Fig. 4-5) and Hawaii (see Fig. 4-6),
and in the instrumentation vans (Fig. 3-10) at Kodiak, New Boston, and
- Point Mugu. The control panel contains a "joy stick" for manually con-
trolling the direction and speed of the antenna. 1In traéking, the
anteﬁna is positioned for maximum signal strength as indicated by a
signal strength meter. This meter is located on the indicator panel with
azimuth and elevation position indicator dials and status lights. 1In
automatic operation, the antenna uses slave bus data for positioning.

The tri-helix antenna is driven in agimuth and elevation
by d-c compound-wound motors operating through suitable gear trains.

The antenna can be moved at ‘speeds up to 30 degrees per second in manual
mode. A fixed speed of 6 degrees per. second is employed in the slaved
automatic mode. Limit switches located within the drive assemblies
limit the motion of the antenna. The minimum limit on azimuth is 705
degrees, and the minimum limit on elevation 1s 166 degrees. These
rofation limits are'manuglly adjusted electtical stops set to prevent
the antenna from swinging into the mechanical stops.

3.3.3 Phase Coherent Receiver

The phase coherent receiver receives the CW acquisition
signal from the multicoupler and produces an output signal whose frequency
is normally 50 ke, plus or minus one-sixth of the. input deviation
frequency. This signal is recorded by tﬁe measuring and recording sys-
tem. The output is obtained by mixing the output frequency of the volt-
age controlled oscillator with the frequency of a very stable local
oscillator (4.95 mc). Therefore, the frequency of the voltage controlled
oscillator is normally 5 mc plus or minus one-sixth of the input de-
viation. This fraction of the input deviation results from the use of
the second feedback loop which increases the loop gain of the receiver
by a factor of six, thereby increasing the tracking range, but decreasing
the output deviation by the same factor.
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The receiver uses a phase lock loop principle. The phase
detector multiplies the input signal and the output of the voltage con-
trolled oscillator. Averige phase-detector output is prepbrtional to
the cosine of ‘the phase angle between the two inputé so than at 90°
there is an output null. If the phase varies from 90°, phase-detector
output will be either plus or minus, depending upon the sign of the
variation. The dc amplifier amplifies thev error signal and.controls
the voltage controlled oscillator to drive the phase error back to zero.
Thus, we have an electronic servo in which an extremely narrow-band
filf:er 1l‘capab1e of tracking an inpﬁt signal even though that signal
may deviate far from its nominal frequency. The narrow-band character-
igtics of the receiver permit operation with very weak input signal
strengtl;s. The phase-coherent receiver makes use of correlation de-
tection which depends on Predicting circuits that use the immediate
past history of the input signal to predict its future characteristics.
The accuracy of the brediction will then be best for the immediate
future and will decrease for more remote times. Since the type of
signal of concern here is a slowly varying CW signal, a n;rrow-band
predictor is used with the"phau'-co'herent: receiver, The i';ceiv,er uses
both frequency multiplication and limiting action to modify the response
of the tracking loop. . _ :

3.3.4 Doppler Freguency Meagsuring and Recording System

The frequehcy measuring system (Fig. 3-9) receives the
nominal S50-kc output signal from the phase coherent teceiver, preéisely
measures the frequency once every two se;:onda, and punches this inform-
ation on a punchéd paper tape. Binary-coded time in’f';'rmation from the
master ground timing system is received once every four seconds in
synchronism with the frequency information and recorded with each
freduency measurement. A quality bit indicating that the phase coherent
receiver is in a phase-lock cohdil;ion is also recorded once every two
seconds. Header information denoting the month, day, station nﬁmb:er,"
formaj: identity, and quality factor can be entered manually and recorded

on the punched tape.
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o The five components described below comprise the Doppler
frequency measuring and recotding nyitqn. Two of the components are
commercial instruments, adipted for use with the system. The remaining
three have been designed specifically for use in this system.

Frequency Counter. The iti.put fiequency'io measured by a
Hewlett-Packard electronic counter with an external precision time-base
gating signal. The counter has been modified so that the plug-in
counting units read and store the frequency count as binary information,
' Shift Register. The shift register stores the binary-coded
time information and provides an externally lynchfénized gating pulse
to the counter. The binary-coded input signals to the shift register
are feceived in a series pula_é train and stored in parallel cascaded

Scanner/Programmer. The Provision for manual data-entry

located on the scanner/programmer includes a series of switches with

binaries.

which the operator "writes in" binary-coded information about the date
and station nuinbot. When the counter hu'c'omplcted a frequency measure-
ment, it commands the scanner/programmer to "1ook at" the stored data
in the shift register and the already preselected daté and station
number. As the acqhner/progfmcr "reads" the information, in series-
parallel form (four bits at a time), it sends it as binary electrical
pulses to the tape punch equipment.

'Rgguter. A repeater is installed near the tape punch
machine to provide power amplification.for driving the punch solenoids
and clutch :mgnct. The repeater contains relays for. restoring the
scanner information to a pover level adequate to punch signals,

Iape Punch. The tape punch 13'- 2 Friden Commercial Controls o
Motorized Tape Punch, Model 2. The 't':ape punch perforates standard
five-level Paper tape upon receipt of a punch command. '

v 3.3.5 VHF Doppler System Chara ri

Doppler Fregquency Measuring System

a. Records frequency in bin‘fy code.

b. Adds time, date, station, and quality information
to the frequency information,

3-19
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¢, Initiates and stops frequency measurement by
precision time information. '

Antenna _

a. Type: tri-helix mounted on a rotator

b. Half-power beamwidth: 20 + 5 degrees .
¢. Polarization: right circular by IRR definition
"d. Gain: 15.0 db nominal

"e, Design frcquoﬁcy: 235 to 245 mc

f. Impedance: 50 ohms

8. VSWR: 1less than 1.5 over the design frequency
range.

f‘—ﬂlmﬂ—&msm_cm;mm
8. Azimuth rotation: 705° (minimum 1imit stop setting)
b. Elevation rotation: 166° (minimum limic stop setting)

¢. Rotation rates: 1 Trpm autoslaving, 0 to § rpm
~ (variable) manual

WDL-TR1394

d. Automatic slaving accuracy: 4 2°

a. Bandpass: 6 mc at 0.25 db points -
b. Center frequency (fixed): 235.4 me

¢. -Insertion loss: 1.25 dp ‘

d. Input impédance: 50 ohms

€. Output impedance: 50 ohmg

f. Attenuation: 28 db at 30 to 180 mc

50 db at 395 to 1200 me
80 db at’ 1200 to 2900 mc

R-f Pre&glig_i_er

a. Gain: 20 1-‘ 3 ddb

b. Bandwidth: -30.4+ 3 me

c. Center fre’quency:. 230 mec

d. Noise figure without filter: 4.5 dp
e. Input impedance: 50 ohms

f, Output impedance: 50 ohms

Hulgggoug;er

a. * Bandpass: 30 * 5me

mmhmummwwmamumsammm ing of the Espionags Laws, Thle 15,

mMu&.m&ﬁudbmhnbhnymbnm&mmkwohbmdbth.

L GOVERNMENT & INDUSTRIAL GrOUPr
WESTERN DEVELOPMENT LABORATORIES




~CONFIDENTIAL WDL-TR1394

b. Center frequency: 230 mc

¢c. Gain: Qnity (approximate)

d. Input impedance: 50 chms

e. Number of outputs: 6

f. Output impedance: 50 ohms

8. 1Isolation between outputs: 37 db (minimum)
Receiver ’ | '

a. Type: phase coherent
b. Input fréquency: 225 to 245 mc

c. Input signal power: =30 dbm to -150 dbm plus
measured noise figure of receiver

d. Tracking range: + 25 kc from nominal input
frequency '

e. Tracking rate: 145 cps/sec

f. Sensitivity: -150 dbm Plus measured noise figure
of receiver ,

8- Acquisition (manual): + 25 kc from nominal input
frequency and signal strength of -30.dbm to. -145
dbm plus measured noise figure of receiver

h. Acquisition (automatic): + 9 kc from nominal
input frequency and signal strength of -30 dbm
to -140 dbm plus measured noige figure of
receiver

i. Output frequency: 50 ke + 1/6 Doppler frequency
j. Stability of output: 150 cps (rms)/hr

k. OQutput voltage: 0.7 volt rms 4 10 per ceat to
5.0 volts rms + 10 per cent

e cy Counter
a. Signal input frequency: 50 + 40 kc
b. Signal input level: 0.2 volt rms/min
c. Counting rate: one count every 2 seconds
d. Count duration: 1 second
e. Synchronization: external source 1 pps
f. Sync input signal: 1.0 volt peak-to-peak

+ 10 per. cent and duration of 10 milliseconds

8. Output signal: 18-bit straight binary code

h. Accuracy: + 1 cps Plus accuracy of synchroni-
zation pulse.
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3.3.6 VHF Direction Pinder
The VHF direction finder (see Paragraph 1.5.4) is a two-axis
direction finding system designed for use with the tri-helix antemna of
the VHF Doppler receiving system. The direction finder, operating with

the tri-helix antenna and control system and the Motorola phase coherent
receiver, provides the operator with visual indications of azimuth and
elevation pointing error of the antenns.” A simplified block diagram of
the system is shown in Fig. 3-11, '

The VHF direction finder increases the poi;nting accuracy of
the tri-helix antenna from + 5 degrees to i 1 degree. This has the
following advantages:

a. The accuracy of tri-helix slave data available
to the Verlort is increased. This is of particular
advantage at Kodiak during the first pass when
acquisition data may not be accurate. Under this
condition, the tri-helix with its wide beanwidth
could acquire more easily than the Verlort with
its narrower beamwidth. The tri-helix position
data could then be used to slave the Verlort to .
assist acquisition. It is important that the
Kodiak Verlort acquire on the first pass to verify
‘orbit achievement and provide track data to update
the vehicle ephemeris.

b. The possibility of interrupting continuity of
Doppler track data due to antenna misorientation
is reduced.

¢. More accurate capsule position data would be avail-
able from the tri-helix for vectoring of the re-
covery force. This would be particularly useful
at Kodiak in those instances in which the station
is required to support recovery operation,

Description. The VHF direction finder system consists of
a special hybrid assembly located on the tri-helix antenna, a modulator
unit located at the base of the antenna pedestal, and five rack-mounted
indicator and power supply units at the receiving area. The multicoupler
and the phase coherent receiver of the VHF Doppler rece.:l._vit;g system are
used as compdnents of the direction finder system,

The antenna hybrid asgembly consists of four hybrid rings
in a weatherprc;of bo:é' mounted on the baci: of the tri-helix antenna ground
screen. The modulator unit is composed of the azimuth, elevation, and
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reference preamplifiers, the azimuth and elevation balanced modulators,
the modulator power supply, and the line hybrid assembly. The indicator
unit is a two-channel unit which supplies the audio frequency reference
voltages used in the system, detects and displays the azimuth and ele-
vation pointing error of the tri-helix antenna, and incorporates a cir-
cuit to indicate receiver limiting. The remote indicator panel is an
auxiliary set of indicators for remote display of the pointing error
and has an indicator light to indicate receiver limiting. The Nems-
Clark preamplifiers (azimuth, elevation, and reference) are broadband,
two-stage, grounded grid, r-f amplifiers used to increase the sensitivity
of the system. They are installed in the modulator unit. Power for the
preamplifiers is supplied by the remote power panel located in the re-
ceiving area.

The VHF direction finder can be described as an r-f phnse-
comparing null indicator with a moveable baseline. To present a brief
theory of operation, a single axis system, one with only two antenna
elements, will be discussed. Fiﬁure 3-12 shows the antenna elements
(A1 and Az), wavefront (Li and Lz) from the transmitter, and voltage
(E1 and Ez) induced in the antennas.

A wave front arriving from a distant target is represented
by parallel lines L, and L,. 1If the antenna is not pointing "on target,"
the wave-front arrives at A and Az at different times. The voltage
induced. in Al lags behind the voltage in Az by a phase angle proportional
to the difference in path length (d sin 8).

' Directional information can be obtained by phase comparing
the voltages, El and 22, induced in the two antenna elements. A hybrid
ring, as shown in Pig. 3-11, is a simple and convenient phase-comparing
device. The hybrid ring is made up of coaxial cable in 1/4 X and 3/4 A
lengths as shown.

The voltages El and Ez from the antenna are placed on the
hybrid ring at points A and C. The sum (Z) and the difference (8) appear
at cornerg B and D. The sum is used as a reference and difference is
used to indicate pointing error. The magnitude of the difference signal
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is proportional to the amount of angular pointing érror, vwhile the phase

of the difference signal, with respect to the reference signal, gives the
| direction of pointing error. The difference signal goes through a sharp

null and reverses phase as the antenna moves through the 'on target"

position. : | '
'The difference signal from the hybrid ring is amplified and
sent through a balanced modulator, where it is amplitude modulated with‘
an audio modulating voltage. The output of the balanced modulator is
double-sideband suppressed-carrier. These sidebands are combined with
the reference signal in another hybrid ring so they can be detected in
receivef. The output of the receiver is an audio signal with an ampli-
tude proportional to the angular pointing error and a phase indicative
of the pointing direction. ' .

The audio output from the receiver ig sent to thé indicator
unit where it is synchronously detected in a balancéd phase detector
circuit Eha; is referenced to the same audio voltage as used in the
balanced modulator. When the antenna is pointed "on target" no error
voltage is present, so there is no output from the detector circuit.
When the antenna is moved off target in either direction, a d-c¢ voltage
appears at the dﬁtput of the detector circuit with a polarity indicative
of the direction the antenna was moved off target and an ampiiﬁude pro-
portional to the angular.distance the antenna was moved,

This d-c Qoltage is applied to a vacuum tube Bridge'circuit
with an appropriate indicating meter. The center Zero indicating meter
displays the direction and proportional amount of pointing error of the
antennas. _ |

Operation. The VHF direction finder operates in conjunction
with the VHF déppler receiving system. Acquisition and initial tracking
of the target for very weak transmitted signals is accomplished using
the Motorola phase-coherent receiver. Dependable pointing error inform-
ation from the direction finder indicator meters is limited by the noise
fluctuation of thé meters at low signal level (vhen the signal strength
meter reads less than spproximately 10 to 15 microamperes). Once the
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siignal strength has increased above this level, the noise fluctuations

~ have decreased to where the pointing error of the antenna can be deter-
mined using the meters. The antenna can be_p‘ointed on targét with an
error of less than two degrees and, as the signgl strength increases, |
the error will decrease to less than one degree.

VHF D/F Sygtem ghgragtgrigt;cg

VHF Direction Finder System

Input signal frequency v  ew acquisition frequency .
Sensit.ivity (at antenna output . =130 dbm

terminals :
Accuracy:

signals weaker than -110 dbm: + 2 degrees

signals stronger than -110 dbm: + 1 degree
Trackiag rate _ 30 degrees/sec. max.

Antenna Hybrid

Input impedance _ 30 ohms, nominal
Output impedance 50 ohms, nominal
Gain (reference channel) Unity (approximately)
Bandwidth:
azimuth and elevation Channel - 1 per cent maximum
reference channel 5 per cent minimum
VSWR, reference chanmel 1.5:1 maximum
Preamplifiers
Gain in pass band 20 + 3 db
Pasgs Baund v 215 to 245 megacycles
Noise figure 6 db, maximum
Impedance (input and output) 50 bhms, nominal

Balanced Modulator

Frequency range 60-2300 megacycles

Modulation frequency range 0-20 megacycles

Impedance (input and output) 50 ohms, nominal
3=27
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Line Hybrid
Impedance (input and output) 50 ohms, nominal
Bandwidth 5 per cent, minimum
. Insertion loss; ”
modulation signal channel 6 db, maximum
teference gignal cha_nnel 3 db
Frequency range . 230 to 240 megacycles

3.4 Telemetry

The VAP MM/PM telemetry receiving and recording equipment is
designed to amplify, .demodulate, decommutate, record, and display the
instrumentation data signals received from the vehicle by the telemetry
tracker and tri-helix antennas. This equipment is installed in twelve
adjacent cabinet-type racks (see Pig. 3-13 and 3-14) located in the VHF
buildings at Vandenberg and Hawaii and in IMSD telemetry vans at Kodiak,
New Boston, and Point Mugu (see Fig. 3-15), A block diagram of the tele-
metry receiving and teéording system is shown in Fig. 3-16. Major
items ;f equipment are as follows: ’ A

a. M receivers

b. Tape recorders

c. Subcarrier discriminators

d. Decommutator stations

e. kecording oscillograph _

f. Monitor and control panels

8. Time reference unit

h. Test equipment

3.4.1 Receivers

Five Nems-Clarke Model 1302A receivers are provided. At

Vandenberg and Hawaii, three of these receivers are normally operated
from the output of the telemetry tracker mlt:icoui)ler, one from the out-~
put of the tri-helix multicoupler, and one ig maintained in standby
condition as on operational spare. At Kodiak, New Boston, and Point
Mugu, four of the receivers are operated from the outpht of the tri-
helix multicoupler with one as 'standby. All recéiveta are adjusted
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Fig. 3-13 LMSD Telemetry and Decommutation Equipment
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Fig. 314 Telematry Equipment Rack Configuration
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| to operate in the FM mode with 300 kc i-f bandwidth. Video out:put of
the receivers is fed to the monitor and control panell, and then routed
to the tape recorders and subcarrier discriminators.

3.4.2 Tape Recorders

The composite signal outputs of the various receivers are

recorded on two Ampex Model FR-107A -'Magnecic Tape Recorders. Each re-
corder has seven independent tracks that are selectable by patching on A
the jack panel of the monitor and control facility. Six tape speeds
from 1-7/8 through 60 inches per second are available. Frequency re-
sponse is from 100 to 130,000 cps at maximum tape speed.

3.4.3 Subcarrier Discrimipators ' .

. Real time telemetry signals from_the receivers, or recorded
telunetry signals from the magnetic tape recorders, are routed through
the monitor and cont:rol panels to the subcarrier discriminators for
conversion of the various subcarrier frequencies of the composite tele-
metry signal to the varying d-c outputs required for recording and dis-
play.. Eighteen Data Control Systems Model GFD-2 subcarrier discriminators
are provided. Standard IRIG channel frequencies from 400 to 70,000 cps
and frequeacy deviations of +7.5 or #15.0 per cent (5 highest bands only)
are provided by plug-in tuning units. Outputs of the subcarrier dis-
criminators are routed back to the monitor and control panels for dis-
tribution to the recofding‘ oscillograph or decommutator stations as
appropriate.

3.4.4 ﬂecomtator Stations
Commutated channel outputs are routed to one of the two.
Parsons Model 5201 decomutator stations for data demodulntxon. Each
station is capable of demodulating a single composite data signal into
a8 maximum of thirty data channels. Output of the decommutator stations
is returned to the monitor and control panel for routing to the record-
ing oscillograph, monitor oscilloscope, and to the master control con-

sole for real time t:ele.metry readout and command verification.
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3.4.5 Recoxrding Oscillograph
A thirty-six channel Consolidated Electrodynamics COmpany

(CEC) Model 5-119-P4 Recording Oscillograph is used for analog recording
-of the telemetered instrumentation signals. A frequency response up to
5;000 cps on individual channels can be made available by seleqtion of
suitable galvanometers. A Dntdtiﬁe magazine and oscillograph processor
are available to provide concurrent observation and permanent photographic
recording of the analog telemetry signals. Standard record width is
twelve inches.  Record lengths of either 250 or 500 feet \thin base

paper) can be recorded at speeds from 0.1 CO 100 inches péer second, as
required.

3.4.6 !9g;sgs_eaé_ggnssgl_zeasl.

Monitor and control panels are providéd for monitor switching
and the patching of data signals during normal record or playback oper-
ation. Straight-through patching is provided whenever practical along
with ample patch cords for completely flexible routing of signal flow
between components of the receiving and recording équipment. Monitor
and control panels include the following facilities:

a. Jack Panel: Patch panel for receiver outputs

b. Master Control: Plugboard for programming signals
throughout the station

c. Galvanometer Control: To drive galvanometers off-
scale when not in use

-d. Monitor Panel: To control and provide for monitoring
of all signals during normal operation

3.4.7 Time Reference Unit

The time reference unit (counter) provides dudio'monitoting
of signals and conditioning of coded timing and standard frequency
signals during recording and plafback of data.

3.4.8 Test Equipment .

The following major items of test equipment are rack-mounted
within the telemetry receiving and recording system to facilitate system
checkout, operation and maintenance.

a. Oscilloscope, Federal Telephone (ITT) Model 1735D

b. Oscilloscope, Tektronix Model RM-32
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Time Interval Meter, Berkeley Model 7360R
Low Frequency Standard, Hewlett-Packard Model 100DR
Vacuum Tube Voltmeter, Hewlett-Packard Model 410B

 Telemetry Oscillator, Hewlett-Packard Model 200T

Electronic Frequency Meter, Hewlett-Packard Model SO0B

- 7-Point Calibrator

3.4.9 1302A Telemetry Receiver Characteristics

This document contains information affecting the national
U.S.C..WmndmmhnﬂMorh‘md-&-olh in any
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a.
b.
c.
d.

fl
8.
h.

Tuning range
I-F rejection A
Image rejection
Noise figure

Absolute sensitivity
measured without
band-restricting filters

I-F frequencies
I-F bandwidth

Outputs provided

FM output

AM outputs
300-kc and 10~kc strips

FM output stability

AM output stability
both i-f strips

Input impedance
Video response
Video bandwidth control

3-35

55-2601mc
70 db, minimum

. 60 db, minimum

6 db, maximum

4 W produces at least 23
db signal-to-noise with
100-kc deviation, 1l-kc.
modulation frequency

21.4 and 1 mc
300 ke and 10 ke

1. Signal--wide band for
supplying high-imped-
ance load.

2. Monitor--panel-mounted
speaker, headphones,
or 600 ohms balanced
output for external use.

0.10 volt per ke, approx.

Approx. 10v rms for 500-pv
input modulated S50 per cent
at 1 kec. -

Varies less than 2 db for
inputs above 1 pv.

7 db maximum variation for
40-db variation in inmput.

Approx. 50 ohms.
10 cps to 300 ke

5 positions-~-1, 3, 10, 30,
and 300 kc

Mmdh"ﬂ“iﬁ“‘m&.md&cmhmﬂth 18,
to an unsuthorized person is prohibited by law.
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p. Power input 115/230 volts, 50 to 60 cps
' and 400 cps

q. Power consumption , 127 watts

r. Weight 40 pounds

3.5 Analvsis of Doppler Tracking

Since Doppler techniques are planned for other WS-117L progrlms, it
is reasonable that the Discoverer Program be used as a "proving ground"
for the tcchniquoc, whether they be Doppler only, or Doppler-plus-angles.
The use of improved Doppler techniques with the Discoverer series would
.provide a general comparison between Doppler methods and the range-plus-
angle tracking‘system, provided by the Verlort. This would be a critical
" comparison, since the atmospheric refraction effects and drag effects
are mbst pronounced at the Discoverer altitudes.

Y

Also, sepnrnte Doppler tracking stations might be uued to provide
additional orbit tracking data for certain vehicles of the Diacoverer
leriat, For special low-altitude orbits, vhere it is desirable to
nccuiately position the vehicle in space as a function of time, it is
desirable to provide supplemental tracking data above and beyond that
obtainable through the existing Discoverer five-station tracking network.
This requirement arises from the fact that drag is a significant factor
in orbits below 200 nautical miles altitude. Studies have shown that
at’ lcaat one and preferably two tracking looks must be recorded during
each orbit to be able to accurately determine the apace-position of the
vehicle to within 0.1 n. mile at a given time. The exinting five-station
Discoverer network only provides data on approximately 20 per cent of
the orbits.

3.5.1 Basic Features of Doppler Tracking _

The use of the properties of the Doppler freqnency shift in
the determination of satellite ephemerides has recently given rise to
congiderable development efforts. Instrumentation around Doppler Track-
ing procedures yields greater simplicity in satellite equipment and in
some instances in ground equipment. In addition, Doppler techniques
allow the conservation of bandwidth in the transmission links and thereby
reduce the required satellite transmitter power, While the Doppler
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techniques allow reduction in tracking equipment, they generally increase
the data Processing function. There are two basic tracking systems
under congideration; those which employ Doppler information only, and .
those which employ Doppler plus angular (azimuth, elevation) information
in the determination of satellite ephemerides. ‘ A

‘ The Bacic Doppler principle of wave ﬁbchanics, relating the -
compression (or expansion) in wave length with the velocity of an
approaching (or receding) emitter is:

97“ - g | . (1)

whgte
A = wave length at the source.
. § = relative velocity of source with respect to observer
C = velocity of light.
Since the frequency £ = C/A, then

A AN a .
therefore, .
A .
¢ - » *)
or
8 = -Mof = -Af, ‘ )

Equation (4) then, relates the rate of change of the slant
range from a tracking station to a satellite, to the Doppler frequency
shift f As a satellite passes from horizon to horizon, a Doppler
receiver generates the familiar "S" curve of Dbppler frequency versus
time. The slope of the Doppler curve increases as the source of signal
emission comes closer, with the maximum alépe occurring at the time of
minimum slant range, when the Doppler frequency is zero. 1Ia general,
the more distant the source is, the less is the slope of the curve and
the more linear is its éppearance.
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It may readily be shown that the Doppler curve is a function
of all the orbital parameters. Using a rectangular cbordinlté system
with origin at the tracking station, and axes X,Y¥,2, the slant range
S is given by ,

| 82 = xz + y2 + zz
and therefore, .

p .x_’l-_g_v._-_z_i.-“d | ‘ (5)
The set of variables x,y,z ind i,;.i, vhich define the:
position and velocity of the satellite as a function of tiﬁe, are easily

transformed into geocentric coordinate system. This gives the iet of
variables x_ L and x ,y ,z with respect to the center of the earth.
These variables are in turn immediatcly transferrable into a polar
coordinate system yielding six more variables which are usually referred
to as the orbital parameters. The Qix orbital parametefc pertain to
the standard mathematical model, a derivative of Kepler 8 laws, usually
used to specify a near-earth satellite's orbit in inertial space. This
model assumes that the satellite traces out an elliptical trajectory in
the orbital plane, with the earth center at one focus of the ellipae. »
Strictly speaking, this model is not correct, because near-earth satel-
lites do not have reentrant orbits, due to perturbations caused by the '
earth's oblateness and atmosphere. Of course, these equations can be |
and are modified to include the effects of drag, earth's rotation,
earth'l oblateness, etc., ‘in the actual computational schemes.

_ In theory, all six orbital parameters can be determined
from the measurement of the received Doppler frequency at six separate
points in time; however, the effects of noise and other error sources
(refraction, transmitter instabglitiec, etc.) make this impossible.
In practice,'the Doppler frequehéy ib sampled several hundred times
during a satellite pass, giving enough redundancy in the data 8o that
the effects of the uncertainties are minimized.
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Problems arise, however, when one considers the sensitivity
of the Doppler curve to variations of the 6rbitg1 pnrdneters. It can
be shown (Philco WDL-TR-1310, "Midas Doppler Tracking Study") that
singularities of a function defined in a six-dimensional space will
occur in the prdximity of one another, if there is a large correlation
among the behavior of the variables.. The'la;ge'correlntion in the al-
teration of the Dopple: curve created by the variation of the individual

" orbital parameters has been shown by Guier and Hciffenback.l Figure 3-17
shows the sensitivity of the Doppler curve to parameter variations for
a pass of a satellite at a slant range 65 400 nautical miles, in a polar
orbit with eccentricity € of 0.02. The variables used in the figure

are:
i = inclin;tioh angle of orbital plane
@ = right ascension of ascending node
T’ = period of orbit
® = argument of_perigee

- The ordinate of Fig. 3~17 refers to the error in Doppler
velocity, in units of slant range ve.ocity é - Cf /€. Additional'
complications are brought about by the effects of earth's rotation on
the Doppler curve. Earth's rotation introduces component s into the
Doppler curve that are similar to those introduced by variation of the
parameters of the ellipse.

Any pfoperly instrumented Doppler curve is unique; however.
If the earth did not rotate, a set of two satellite orbits with the ,8ame
elliptical parameters and equal minimum slant ranges (luch as the two
circular orbits of Fig. 3-18) would exist that would produce the same
Doppler curve at the tracking station. Since the earth does rotate,
each orbit has its Doppler curvé affected differently by the motion of
the earth. Hence, earth's rotation enables all ‘Doppler curves to be
unique. That is, in theory, any particular Doppler curve defines one
specific satellite orbit. '

1. Guier, W. H. and Weiffenback, G. C., "The Doppler Determination of
Orbits," paper delivered at NASA COnference on Orbit and Space
Determination, 12 March 1959, '
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Fig. 3-18 The Importance of the Earth's Rotation in
: Making Doppler Curves Uniqpe
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3.5.2 Methods of Computatjon

A number of statistical methods have been developed specifi-
cally for the orbit détermination Problem. Generally, the& are known as
"least squares' estimation methods since they involve the determination
of parameter estimates from a minimization of a weighted sum of squares
of errors in functions of the measurement s,

The first step is the adoption of a mathematical model re-
presenting the satellite's physical environment, (coordinate system,
gquaéions of motion, .etc.). The more realistic the model is, the more

- accurate is the determination or prediction derived from it, and the
longer is the period of time during which such predictions are feliable.
On the other hand, a price is paid for the inéreased accuracy in that the
8ystem parameters are more difficult to determine and the predictions
are hote‘difficulf to obtain. |

Hence, a compromise between precision and simplicity must be
made. In practice, so much precisién is required of the mathematical
model that the corresponding determinatioh‘of orbital parameters requires
the use of some iterative procedure. '

Iteration requires that an initial approximation of the para-
meter values be-made. The iteration pProcedure itself, about these
"initial conditions," ig then qccomplished‘by a digital computer; however, .
Success cannot be altogether assurred a priori, The iteration may fail
to.converge; it may converge upon an inappropriate paraﬁeter value; or
it may converge correctly, but require a prohibitively long computer time
to do so. '

' To a large extent, the desirable (or undesirable) features
of the computer iteration scheme‘depend on the accuracy of the initial
conditions--the initial approximation to the parameters. The less
realistic the initial conditions are, the longer and.more extensibe-dfe
the iteration schemes, Fortunately, the accufncy requirements of the
initial approximation are sufficiently relaxed that they can be met with
relatively simple Procedures. A comprehensive discussion of the'varioua

least squares techniques may be found in Philco WDL-TR-1310, Appendix
A. ' '
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The above discussion of the least squares techniques refers
to any tracking system, whether it be Doppler-only or Doppler-plus-
angles or range-plus-angle_s. In the case of Doppler-only, the gains
achieved in equipmehl: reduction are partially paid for with a more ex-
tensive and time-consuming computational procedure. Specifically, the
computation process for reducing the Doppler-only data requires some
two to five hours per station per pass on a high lpced data processing
machine. This makes the Doppler-only technique genenlly prohibitive
for the quick prediction of an ephemqtic required for acquisition data
for other stations. It is possible, hdwever, to adequately define the
ephemeris sometime after the data has b'eeq acquired.

3.5.3 and Doppler Rates Involved

| Dilcoverer series altitudes range from approximately 90
nautical miles to 650 nautical miles. With a minimum elevation angle
of 15° » slant ranges up to 1500 n. miles may be incurred. At zero ele-
vation the maximum slant range is 2200 n. miles. In general, the luxi-
mum slant range to be incurred way be found from the bagic triangle
depicting station - satellite geometry; with one side being the radius
of earth Ro, one side the slant range S, and the renaining side the
earth-center to satellite distance (Ro + h). This tri_u_xgla easily gives

* 2
5 : (R +h)
max ) - 2 :
Ro Sin Emin + -—-—-( Ro ) (?ou Emin (6)

Where E is the antenna elevation angle, and h is the alt:it{xde of the

satellite. This triangle also yeilds the maximum Doppler shift obtain- ,‘

able;
£,

—d(&l - Y. cos(@ + B )

: . min

£ c

¢
t

Where 6 1:1 the earth-central angle between the station and the satel-
lite. This angle is given by

s .
. =1
8 = sin R:‘I 7 cosBE . | (8)
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The term V in Equation (7) is the velocity of the satellite normal to
the line (Ro + h). This velocity may be closely approximated with

2 GM . ’
V. " R +n 2
o 3
4 n. mi”
Where GM is the earth gravitational constant 6.275 x 10~ =
sec

So, from Equation (7) and using H = 90 n. miles, the maximum Doppler
shift (normalized) i- seen to be approximately 25,000 fps at an elévatioh
angle of 15°. Therefore, the maximum Doppler shift is about + 5.5 ke
at a transmitted frequency of 216 mc, and about + 10 kc at a transmitted
frequency of 400 mc.

3‘5.41’.::30.‘. c Refraction on Do r_Measurement

Tropospheric and ionosphéric refraction deteriorate the

accuracy of Doppler as well as range and angular measurements. To some
~extent the refractive effects can be predicted and the measurement can
be corrected. Various methods for compensating refractive errors have
been devised, and some practical types of angular correction, utilizing
standard atmospheric conditions, are effective. Corrections for Doppler
measurements are fewer and not as simple nor generally as accurate.

The effects of refraction on Doppler measurements are essen~
tially bending of the wave path and changing the propagation velocity of
the wave. While the magnitude of the effects of refraction on Doppler
and range measurements may be comparable, the analysis for each is
different since Doppler Ime.aaurqnents are dependent upon the phase
velocity of the wave, and most range measurements depend on the group
velocity of the wave. An analytical expresgsion for the received Doppler’
frequency from a satellite to a tracking station is derived in Philco v
WDL-TR1411, "Samos Doppler Tracking Study,” (Secret) Appendix A, Equation
A-10. Using it, the Doppler refractive error A f g may be expressed as

a fd - -fd(r - 8) tan¥ - mvfd

-f/cfa: da ds -f/cf dm dh
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frequency at the transmitter
total amount of "ray" bending

' error in elevation angle due to refraction

angle between the satellite velocity vector and
the slant range vector

modulus of refraction

modulus of refraction at the vehicle
atmospheric conditions at a point on §
altitude of a point on §

radio path from transmitter to receiver

velocity of light

time

In Equation (10), the terms describe errors arising from:

. & Refractive bending causing the wave to arrive

or leave in a direction different from the
straight line path from the vehicle to the
ground station --- fd(7 - 8) tan ¥.

b. Ionization at the vehicle s--m fd
¢. Changing atmospheric conditions ---
£ E.Ab da
c f a dt ds
s

d.. Changing index of refraction along the path be-
tween the vehicle and ground station as the
vehicle moves --- :

£ [3m 4
cfﬁ dtd‘
s

This shows that Doppler tracking is susceptible to several

types of errors, only one of which is refractive bending. Unfortunately,

the magnitudes of the other types of errors are less predictable than
the amount of bending. This prevents éompenution of Doppler tracking
errors by means of standard corrections from being effective for most
frequencies. -
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Consider the case of a satellite in a circular 155 nautical
mile orbit and qualitatively analyze the Doppler error terﬁa. The first -
error term due to refractive bending will be near its maximum possible
vaiue because the satellite is at the altitude of‘maximun ionization.

For altiiudes greater than this height, the factor (7 - 8) decreases and
for lower altitudes tan ¥ decreases. The value of the second term is
at.its maximum since the modulus of refraction, m , is directly propo:tional
to the ion density. The third term has a magnitude comparable to its
maximum value since all of the troposphere and an appreciable part of
the ionosphere are below the vehicle. The final term, as with the first
two, is at its maximum value. It is theﬂ apparent that a 155 nautical
mile orbit is the worst case for Doppler errors due to refraction.
Similarly, 155 p; miles is also the worst case for errors in angular
measurements due to refraction. ABove;this altitude, the index of re-
fraction starts increasing, an effect which bends the wave up rather
than down, decreasing the elevation angle error.

' The magnitudes of the Doppler error terms for a satellite
in a 155 n. mile orbit are showm in Tableq3-1. This table was computed
for the case of the satellite located at an elevation angle of 5° above
the horizon, in an overhead pass and transmitting a frequency fi. Ex-
amining the magnitude of each term, it is seen that all except the at-
mospheric change term are vefy dependent upon frequency. . This points
out the fact that at 200 mc, the terms are dominatad_by ionospheric
effects; at 2,000 mc, the ionospheric effects have become small compared
to the tropospheric effects, which are effectively independent of
frequency. Increasing the frequency above 2,000 mc would result in very
little decrease in the refractive Doppler error.

Consider compenlatihg these errors. The ionospheric density
at fhis altitude has been found to vary by as much as 100 per cent
daily.z Throughout -a sunspon cycle, the ion dénsity varies'1600 per

cent. The values given in Tab1e>3-1 are for a dense ionosphere. Table

2 Hemes, T.G., and Stuart, W.D., "The Electron Content and Distribution
in the Ionosphere,” Proc. IRE, Vol. 48, p. 1786, October 1960.
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3-2 shows the error remaining after a correction based on a standard

troposphere and an average ionosphere has been made to the values shown

in Table 3-1.

TABLE 3-1

DOPPLER ERRORS DUE TO REFRACTION -
ft = 200 mc ft: = 400 mc ft = 2,000 mc
Actual Doppler velocity + 24,200 fps + 24,200 fps | + 24,200 fps _’
Change in path structure |+ 35.0 fps | + 8.4 fps + 1.6 fps
Atmbsphetic changes + 0.067 fps . + 0.062 fps + 0.06 fps
Refractive bending + 33.4 fps + 9.6 fps + 2.2 fps
Ionization at the vehicle | ¥ 33:6 fps |+ 9,06 fps | + 0.3 fps
Total Doppler_errot 34.87 fps ‘ 9.0 fps 3.56 fps
% Error 0.14 % 0.037 % 0.015 %
, TABLE 3-2 ,
DOPPLER VELOCITY ERROR REMAINING AFTER A STANDARD CORRECTION
£ = 200me |£ =400 mc £, = 2,000 me

Actual Doppler velocity + 24,200 fps | + 24,200 fps + 24,200 fps
Change in'path structure +25.2 fps |+ 5.3 fps + 0.355 fps
Atmé:spherig .changes + 0.067 f];l + 0.062 fps + 0.060 fps
 Refractive bending +23.8 fps |+ 7.15 fps +0.22 fps
ion,;zation at the vehicle + 25.2 fps +6.8 fps s 0.22 fps
Total remaining Doppler ' ’ :

.Brror 23.87 fps 5.71 fps 0.42 fps
% Remaining Doppler error 0.0986 % | 0.0236 % 0..00174 %
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As ~might be expected, a correction of this type results in
an effective compensation of the tropospheric errors and an ineffective
compensation for ionospheric effects. Thus Doppler refraction errors
can be effectively compensated for high frequencies, above 400 mc, but
they cannot as yet be effectively compensated for frequencies below
400 hc;

It should be restated that the values presented in Tables
3-1 and 3-2 are generally the maximum obtainable at the specific frequencies,
due to the 155 nautical mile altitude, and the elevation angle of 5°.
Further study shows that the errors decrease rather rapidly with increas-
ing altitude. It may be concluded that atmospheric refraction effects
on Doppler measurements are such that measuring the rate of change of
slant range to better than 1.0 fps is permissible, utilizing a correction
for a standard atmosphere, at:

8. 2000 mc and any altitude

b. 400 mc and altitudes above 1000 n.m

€. 200 mc and altitudes above 2000 n.m

Thus, measuring the slant range rate at altitudes under the
above will give a reduced amount of "eccurate" (1.0 ft/sec) data, since
the minimum (usable) elevation angle is lerger, say 15°,

3.5.5 Reference Frequency
: When using Doppler techniques, it is desireable that s

the rate of change of slant range, be measured to an accuracy on the
order of 1.0 fps. From Equation (3), it is seen that this requires
frequencies to be measured to one part in 10 That is, at a fundamental
of 200 mc, the measurement of Doppler frequency should be made to an
accuracy of 0.2 cps. Measurements to this order of accuracy will permit
the determination of the position of the vehicle to within + 0.1 n.m
In order that measurements of Doppler frequency to such an accuracy be
realistic, the received frequency should be free of bias errors due to .
drift, refraction, etc. that exceed the permissible deviation. The
stability of the frequency source, then, must be on the order of one

part in 109 during the time of measurement, which is about 15 minutes
for one pass over a station.
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The problem also liel'in defining the primary frequency of
the reference oscillator used for the Doppler measurements. If the
pPrimary frequency is not adequately contxolled, frequency ﬁust bg treated
as an independent variable, and for each additional set of data an.
additional parameter (frequehcy) is introduced. It is not always possible
to find satisfactory solutions to such a multivariable p:obl;m. Two
approaches are available to eliminate the need for the consideration of
a&dition*l variables. One is the use of a highly stable nifhorne os-
cillator as the primary frequency source. This generally requires very
uophistiéatdd temperature control or compensation in the‘vehicle. ' The
'second is the use of an airborne transponder which displaces a ground-
transmitted frequency by a defined amount and retransmits it to the
ground.,  Here th§ stability problem is contained in the ground instru-
mentation sylteh, where it is much simpler'to handle.

3.5.6 Brief Description of the APL System

The essential features of the APL Doppler tracking system

are, briefly: '

a. Doppler-only tracking
b. One-way Doppler - use of ultra-atabie vehicle transmitter

c. Two frequency transmission - partial compensation for
refraction. '

The Doppler-only technique was perfected by the Applied

Physice Laboratory at John Hopkins Univer;ity for use in the Tramsit
satellite progfam; The satellite is equipped with a very stable frequency
source and satellite transmissions are monitored by ground stations. The
ground stations lie in a Doppler net so that several stations observe
the satellite in a single orbital pass. This provides the'multiple sets
of data for the required redundancy.

- The APL technique utilizes a least squares method for orbital
parameter estimation and obtaining initial conditions, as discussed in
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Section 3.5.2. A least squares fit is made between the observed Doppler

curve and a theoretical Doppler curve. Let
de(t) = theoretical Doppler frequency at time ¢t .
fdo(t) = observed Doppler frequency at time ¢t .

The function de(t) is dependent on the initial conditions.
Hence by changing the initial conditions, it is possiple to change the
numerical value of de(t) at any given time, to . Thereforé, by
changing,the values of the initial conditions, it is podaible.go minimize

2
8 = {%do(ti) £ty )]
i=1

Hency, the problem is one of finding the absolute minimum of a surface
in a six-dimensional space.

The Doppler-only technique, while offering its obvious
advantages, poses certain difficulties, as discussed in the previous
paragraphs. These are the lengthy iteration times required for adequate
parameter determination, the high stability required for the reference
oscillator, and the effects of refractive errors at the lower altitudes
and lower frequencies. The APL system in its developmental stages re-
quired up to 27 hours of computational.procedure to yield reliable re-
sults. As previously stated, the iteration times have been reduced to
two to five hours. It is concievable that research on improved estimation
procedures for Doppler-only systems may well lead to superior techniques,’

' allowing the quick-prediction of orbital. parameters provided by Doppler-
plus-anglé and range-plus-angle systems. .

An ultra stable oscillator is utilized by APL in the satel-
lite beacon tranimitter, providing direct transmission to the ground.
This. oncillator is reported to have a short term stdbility of one part
in 10 ("short term" implies at least the time span of one satellite
pass, about 15 minutes) and was developed for APL by Hermes Electronics
co.3 The reference frequency at the ground station has a:stability of

3 '"Precision Doppler Satellite Vehicle Equipments 'and Downrange Facil-

ities and Equipment", Lockheed Missile Systems Division, Sunnyvale,
Calif., LMSD-446132. 550
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one part in 109 for 15 minutes, or better.4 The state of the art in
stable oscillator design is improving, however, and recent data sheets
from Hermes Blecttonics Co. (Model 105-Buggedized 'l'ransistorized Ultra-
Stable Oscillators) state a stability of better than five parts in 10]'0

‘per day. This order of stability is also quoted in a recent Lockheed
Missile Systems Division Report3 for airborme-type oscillators as ''off-
the-shelf" items. '

Generally, the accuracies attained in the fime and frequency
units and the satellite transmitter stability determine the sccurecy of
the basic Doppler data--in the absence of refractive effects. This
brings up one of the more salient futures of the APL system. This is
the use of two-frequency transmission from the satellite and the result-
ing partial compensation for ionospheric refraction. As discussed in
Section .3.5.4, the errors due to refraction can be prohibitively large
at the low altitudes and low frequencies (200 me).

As a means of eliminating this problenm, APL has developed an
analog refrsct.ion correction unit, which makes use of the known dispersion
properties of ionospheric refraction. The analog lnstr;xﬁentation scheme
is pictorially represented in Fig..3-19. (abstucted from Weiffenback )
This provides ‘the means of extracting Af (1) (t) the "unrefracted"'

v Dgp,pler s_hift for the sat_ellite transmitter frequency f_1 The observed
Doppler s hift mey be approximated by a power series which includes only
the first two terms, the unrefracted or "vacuum" Doppler shift term as
it would be in the absence of ionosphere, . and the first-order lerror
term" resulting from ionospheric effects. Measurement of the Doppler
shifts of the two coherent transmitted frequencies f1 and fz sllows
the construction of two simultaneous equations that can be solved for
the "unrefracted" Doppler shift term, or the first-order "error term"
coefficient, by elimination. f1 is in the neighbSrhood ef 260 mc.
(Note: fé show in Fig. 3-19 is known constant. The final multi-
plication is done in the central computer.)

4 G.C. Weiffenback, 'Measurement of the Doppler Shift of Radio Trans-
missions from’ Satellites" Proc. I.R.E., Vol. 48, p. 752, April 1960.
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Thus all that remains are the second and higher order "erro:r"
terms due to ionospheric refractive effects and the tropospheric re-.
fractive effects. The two-frequency method does not correct for tropo-
spheric effects, obviously, since these effects are independent of
frequency. It can be shown that the first-order 1onospheric error-term
constitutes more than 95 per cent of the total ionospheric refraction
effects at 200 mc, and that the refractive effects of the troposphere
can be corrected to about one-eenth of their value.5 Hence, considering
the magnitudes of the terms presented in Tables 3-1 and 3-2, it can be
stated that the APL two-frequency method, together with a standard
tropospheric correction, will eufficiently compensgate for refraction to
permit the measurement of S~ the rate of change of slant range to
1.0 fps, other factors allowing.

Thus, the APL syetah,for satellite tracking provides a
credible method of orbit determination, allowing for the obvious re-
liability problem with an ultra-stable airborne.oscillator, byt it does
not yileld quick enough solutions for reliable orbit prediction..

3.5.7 ‘Brigf Description of the STL System

The essential features of the Space Technology Laboratories

Doppler tracking system are:

a. Doppler-plus-angle tracking

b. Two-way Doppler - use of vehicle transponder
Space Technology Laboratories has been a major proponent of Doppler-
plus-angle tracking systems. Their system, with the Doppler transponder,
has been used in the Explorer VI and Pioneer V vehicles. The Doppler
transponder providee coherent retransmission of the gtound-transmitted
.carrier in order to nllow determination of the vehicle velocity with
Doppler measurements. Direction of the vehicle is given by angle-treck-
ing of the ground-received signal. The STL eyetem is based on the
premiae that the use of Doppler-plus-engle date ‘Temoves the problem of

5 "Precision of Compensated Tracking Systems", Hermes Electronics
‘Co., Report No. M-810, November 5, 1959,
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subsidiary Singﬁlarities that is hiperienced in the APL estimation pro-
cedure; Thus, the Doppler-plus-angle technique provides for the Quick
p;édiétion of orbital parameters that is not allowed with the deplet-
only techniques. Enploying 8 weighted least-squares error criterion,
STL minimizes the function

N ' 2 : 2
=) (u [fdo(ti) - fd.,(ti)] + v [Eo(ti) - x,(:.i?]

i=]

2
+w [Ao(tgi) - ‘r(ti)] (12)

where u, v, and v are weightihg coefficients selected to make each term

dimensionless, and

= observed Dopplér frequency

= theoretical Doppler frequency
= observed elevation angle

= theoretical elevatioﬁ ;hgle

n
= o
0 A

>.‘N

= observed azimuth angle

_‘P

= theoretical elevation angle

STL‘empioys differential correctioh-procedure: to obtain initial con-
ditions. The use of the tt&npponder system alleviates one of the problems
in estimating.initial conditions, since the fundamental frequency nﬁd
hence the time at which gero Doppler .shift océurs (the time of minimum
slant range) is accurately known. Refraction has very little effect on
this, as seen in Equation (10). When fd is zero, %% is very nearly
zero (exactly zero for a circular orbit) and the only term remaining {s
the third term, due to changing atmospheric conditions. Since zero
Doppler shift occurs at very hearly (exactly for a circular orbit) the
maximum elevation angle, this remaining term is very small. (The values
given in Tables 3-1 and 3-2 are for an elevation angle of 5°.)

The STL Doppler system, however, is still subject. to.re-
fractive effects. Table 3-2 shows that for a frequency of 400 mc at

an altitude of 155 nautical miles and an elevation angle 6f 5°, the
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error remaining after a standard correction can be as high as 5.7 fps.
‘This is a maximum, however, so the system does approach the desired
accuracy of 1.0 fps since the error decreases rapidly with elevation
angle and altitude.

The use of the transponder system also allows high-order
frequency étnbility to be achieved, with increased reliability, since
the reference oscillator is contained in the ground instrumentation.
Figure 3-20 shows i‘simplified STL-type Doppler transponder system. A
typicil sequence of operation is the following: The grBund transmitter
emits a signal at a frequenéy of approximately 400 mc, This signal is
picked up by the receiver in the aatellité at a freqheqcy of 400 mc plus
thg'Doppler frequency fdl; thé‘trinlce;ver in the satellite multiplies

the frequency of the received signal by a factor of 16/17 and retrans-

mits it. The retransmitted signal has a frequencybof 16/17 (ft + fd )
' 1

and this signal is again modified by a Doppler shift £ It is then

a4
picked up by the same ground antenna that emitted the oiiginal,signnl.
A diplexer in the antenna selects the received signal and sends it to
the ground receiver. The receiver oufput containing the Doppler in-
formation is further processed in the Doppler extraction circuits.. For
more detail, see ''Combined SAMOS/Comsat Tracking,>60mmnnd and Tclqmeéry
System Study”, Space Technology Laboratories, STL-GM 59-0000-054-99.

20 Jan. 1960 (Secret).
3.5.8 Conclusions |
The foregoing leads to some basic conclusions. If orbit

prediction is to be made quickly from one pass, an angle tracking system
is required with the Doppler measurement system. If retrospect orbit

. determination is required, DopplerJOnly tgchniques are sufficient. In
the latter case, the accuracies obtainable in orbital parameters depend
on the accuracy attained in the tiuiing and frequency uﬁir.s, and the
handling of refractive effects. Doppler-only techniques, due to their
relative simplicity, are also desirable for supplemental tracking stations
when range (or Doppler)-plus-angle data is available from previous-pass
stations for control purposes.
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‘ Study.of Doppleerlus-angle techniques has revealed thqc .
their basic accuracy is equivalent to that of'tange-plql-angle systems.
The same study has shown that after.firat_order corrections for the
effects offreftaction, the same or@er of magnitude bf residual errors.
remain in range data as in Doppler data. Algo, the time required to
accurately‘esﬁimate initial.conditions, and consequently orbital para-
meters, from Doppler-plus-angle data (one to two minutes).- It was on
this bnsig that Doppler-plus-angle instrumentation was proposed for the
Midas Program, since a range-tone system wastes power and requires in-
tricate handling of the ranging tones both on the ground and in the
satellite. Similarily, "Midas Doppler Tracking Study" - Philco WDL-TR1310
(Sectret) 15 July 1960, a forthcoming Philco report7 presents a compre-
hensive analysis of Dopbler tracking techniques for low altitude orbits
and also presents the results of a computer simulation study which com-
pares the orbital frediction capabilities of Doppler-plus-angle data:
and range-plus-angle data. The study also includes the effects of re-
fraction, earth oblateness, and low altitude drag in the computer scheme.
The results show that Doppler data accurate to 1.0 fps is roughly equiva-
lent (better, actually) to range data accurate to 0.1~nlutica1 mile, when
used with equivalént angle tracking. This order of comparison is further
substantiated in a recent studyahy JPL which concludes that "excellent
p:ediétions can be computed with angﬁlar data from one pass as bad as
0.2 degrees rms (error) when combined with (Doppler) velocity data
‘better than 1.0 meter/sec or range data better thanm 1.0 kilometer."

3.5.9 Discoverer Doppler A

The present Discoverer Doppler system contains a Motorola
phase coherent receiver (Model 201-21157), with a frequency stability
of one part in 106 per hour. It receives a 225-260 mc signal contin~

uously transmitted by the vehicle acquisition transmitter. This receiver

7 "Samos Doppler Tracking Study" Philco WDL-TR1411 (Secret) Dec. 1960.

8 '"Satellite Orbit Determination and Prediction Utilizing the JPL
Goldstone 85~ft Antenna and the JPL Tracking Program'-Jet Propulsion
Laboratory, Pasadena, Calif., TR #34-27, Feb. 23, 1960.

3-57

PHILCO WESTERN DEVELOPMENT LARGRATORIES




WDL-TR1394

produces a Doppler,frequency output which is recorded as frequency versus
time in binary form on teletype tape along with a digital time reference.
The’Dopplep data can be analyzed and used to calculate limited.orbital
parameters in case of failure of the Verlort tracking system. The system
also provides a backup acquisition function. Used in conjunction with

a wide-beam tri-helix antenna, the highly sensitive Doppler receiver is
capable of detecting the acquisition transmitter at the maximum slant
range. Details of the present Doppler and tri-helix equipment may be
found in Section 3.3 of this report.‘

An upgrading of the Discoverer Doppler system would involve
a similar modificatiog to that being planned for the South Africa'Midas
Tracking Station. The Motorola receiver is being modified so that the
frequency stability of the finaliground system is increased from one
part in 106 per hour to one part in 109 per day, by providing ﬁn ultra
stable oscillator, which operates into a series of multipliers andlmixers
in the Dopéler expander chassis. In addition, the r-f mixer, and os-
cillator stages are being modified to receive a fixed frequency of

| 216 mc + 11.520 ke.

It has also Been suggested that the vehicle transmitter
effective stability may be upgraded most easily with temperature com-
pensation. fhe effect of temperature on the transmitted frequency must
be accurately:known a priori, by extensive qalibrﬁtion, #nd then the
temperature of the vehicle transmitter can be monitored during the track-
ing pass via telemetry.

The use of the Doppler gystem modification above is a rela-
tively simple and expedient step. The accuracy of the acquired Doppler
data, however, may be somewhat limited. As has been pointed out, the
effects of refraction on Dopple: data in the 200 mc range can be quite
large. As shown in Table 3-2, the residual error found after a correction
for a standard troposphere and an average ionosphqre is about 24 cps at
an eléVation of 5° for a vehicle altitude of 155 nautical miles. Similar
calculations for the same altitude show that the residual error at 456
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elevation angle is about five cpi. These errors, however, are the
maximum that would occur, at this "worst" altitude, taking the maximum
variation of the properties of the ionoaphere. The probable error is
congiderably less and decreasgs with»altitude. ‘

Other possible sources of deviation in the measured ‘Doppler
curve are found in the magnitude of the sampling rate, size of the
sample, and method of counting. These errors, however, are generally
small compared to the refractive errors above.. In the Discoverer system,
the Doppler curve is sampled every two.cccondi, and the number of éycles
in a specific period (one second) are counted. (In the APL system, the
time, or period, of a specific number of cycles is measured every two
seconds.) Using Equation (7), with associated geometry, and ioluming a
circular orbit about a stationary earth, it can be shown that the maxi-
mum rate of change of the slope of the Doppler curve, for an altitude
of 155 n. miles, is about 3.75 cps/sec. Thus, in a one second sample, .
the maximum error in choosing the Doppler frequency as the average value
of thie-sample would be less than two cps. This maximum, however, occurs
only at one point, (the point of maximum curvature)'and the deviations
are'normglly mnéh less, since the Doppler curve is basically a smooth,
monotonic curve. ) ' .

Thus it is seen that with the increased stability of the
system, the largest errors incurred in the process are those due to
refractive effects. This, of course, is ché reason for the APL two-
frequency technique. It is also one of the Primary reasons for increas-
ing the fundamental frequency of future Doppler tracking systems. There-
fore, it is estimated that the Discoverer Doppler system, as modified,

. will yield Doppler data with a maximum error of about + 12 cps for
elevation angles above 15° » after a standard correctiin. For Disccverer
flights in the higher altitudes, such as 500 nautical miles, the maximum
error will be considerably less.

~ Thus, while the accuracy of this system will obviously be
"borderline", its use will undoubtedly prove enlighcéning, providing
a comparison with the Verlort system, general experimentation of methods,
and system design criteria for future WS-117L Doppler systems.
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SECTION &
DATA TRANSMISSION AND DISPLAY SYSTEM

4.1 Introduction

‘rhe data transmission and display system is a grouping of electrqnic
and electro-mechanical units constituting an integrntad ground electronic
system which: (1) gathers, (2) processes, (3) converts, (4) records,

(5) transmits, and (6) displays data, all in the various forms necessary
to aid the vehicle acquisition and tracking functions of the ground
station,

The data transmission and display function transmits equipment
status data, antenna slaving datn,Avehicle position data, and predicted
orbit data within and between the SS/H't;acking stations. Each of the
Subsystem H tracking statio#b.collects time-labeled vehicle position
information and transmits this information via 100-wpm teletype to a
central computer. The central computer generates a predicted vehicle
orbit for the next pass and transmits the predicted orbit via 100-wpm
teletype to the trucking stations, wﬁere it is received on teletype
tape. It is used to plot the predicted orbit on the station plotboards
and to bosition the tracking antennas and radar range gate to the
predicted vehicle positions at the correct time to nid acquisition
and lock-on.

Antenna position data is applied to plotboards (Verlort and R1162),
to antenna position indicators, and from a selected tracking device to

" the antenna slaving bus. The tracking antenna position is transmitted
to the local slaved antennas by synchro data and, in the case of VAFB
and Mugu, to the remote radar and plotboard over a digital data trans-
mission link. A digital data link, with synchro backup, is used at
VAFB and Hawaii to transmit radar antenna position data to the .slave
bus, due to the long distance involved. The other stations use -
synchro-data alone. The radar plotboards plot cartesian x, y, and z
data from d-c analog outputs. The telemetry tracker plotboarq plots

4-1
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polar 6 (azimuth) and # (elevation) data from synchro outéut:a. Angular
data to operate the antenni position indicators is transmitted by synchro
means only. -

The VAFB and Point Mugu inter- and intrastation data transmission
network is presented in simplified block diagram form in Pig. 4-1. A
more detailed block diagram of the VAFB intrastation data ‘transmission
system is presented in Fig. 4-2. As indicated in Fig. 4-1, Point Mugu
differs from VAFB in that Point Mugu does not have an optical tracker,
telemetry tracker, or an intrastation digital data transmission system,
The Hawaii network is identical to VAFB except for the optical tracker
and the VAFB-Point Mugu 1nterstation real-time slaving link. The
Kodiak and NBTS networks are identical to Point Mugu except for the
VAFB-Point Mugu real-time slaving link. 1In view of the duplication,
only the VAFB and Point Mugu stations will be discussed.

4.2 Interstation Data Transmission Network

The interaﬁation data transmission network (see Fig. 4-3) collects
tracking data from the radar, the telemetry tracker (Mugu excepted),
the Doppler receiver, and the terminal timing unit. It transmits the
data to the central computer via 100-wpm teletype. In the event of a
100-wpm teletype failure, the tracking data may be transmitted via
the 60-wpm administration and control teletype. Ip addition, the
interstation data transmission network receive§ the predicted orbit
data from the central computer and transmits it to the plotboards as
a preplot program, or to the tracking devices as a real-time acquisition
program, ) '

The data transmission 1inks from the radar and telemetry tracker to
the central computer are identical except that the telemetry tracker
pProduces no range data and only 13-bit azimuth and elevation data.

Only the radar-to-central computer link is discussed here. The radar
collects polar antenna azimuth (6), elevation (g), and slant range (r)
data. The 6 and g data afe coded in cyclic‘binary form by 16-bit v
Baldwin encoders which are coupled to the antenna azimuth and elevation .
drives. The range data is encoded by two 10-bit Giannini code wheels,

A coarse code wheel encodes 10,240,000 yards in one revolution and the

2
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fine code wheel encodes 10,000 yards in one revolution, The range
information ig encoded as a 20-bit digital code. One of the range bits
is used for ambiguity resolution and one (the least significant).is used
as a passive track quality bit leaving 18 bits available for range
Presentation. The 16?bit 6 and g data and the 18-bit r data are applied
in parallel to magnetic core shift registers in the digital-to-teletype
(D/Tf) converter and read out of the'ahift registers. Time information
in the form of a digital time word from the timing terminal unit g

also read into magnetic core shift registers and read out serially,

As the azimuth, elevation, and range data are read out of the shift
registers, they are converted from cyclic binary to binary form, then
converted to teletype form and transmitted via 100-wpm teletype to the
central computer. '

central computer, Frequency and time data from the Doppler receiver
are in teletype form as they leave the unit, The frequency and time
data are pﬁnched on teletype tape and transmitted later via 100-wpm
teletype to the central computer. The frequcncy and time data Provide
the central computer with the minimum range of the vehicle and the
time this minimum range occurred,

The central computer-tq-atation link of the interstation dita,
transmission system starts at the éentral Computer. The predicted
X, ¥» 2, and t data for a patticular station are transmitted via
100-wpm teletype. The teletype information ig applied to a tape
Perforator and the X, ¥» 2z, and t data are stored on the perforated.

vehicle orbit, If acquisition ig not achieved during the pass, track-
ing data are not sent to the central computer,

4-6

P H l L C o . | | GOVERNMENT & INDUSTRIAL GrOUp

WESTERN DEVELOPMENT LABORATORIXS



WDL~-TR1394

The preplot program is transmitted to the station plotboards prior ,
to real-time acquisition and tracking. This allows a plot of the predicted
orbit to be wmade prior'to the time the vehicle pass is made. During
the pass, a real-time plot is made. The two plots permit comparison
of the acquisition programmer preplot and the actual orbit as tracked
by the radar or the telemetry tracker. .

4.3 Intrastation Data Transmission Network ‘
The intrastation data tﬁnsmiu‘ipn network (Fig. 4-2) transmits

antenna position and equipment status data within a station and term-

‘inates the real time slaving link between VAFB and Point Mugu. Position

data is transmitted to and from the slave data bus, position indicators,
the local plotboards, and the remote radar and plotboard.

With the input from the centrd‘ éonputer, the acquisition programmer
generates prepl;'pt:' or real-time slave data in cartesian %, ¥y, and z form.
For :.a preplot, the cartesian daﬁa is transmitted to the plotting board.
For real time slaving, the data is applied to a cartesian-to-polar (C/P) .
converter. The x, y and z data are converted to 9, ¢, and r synchro |
data and applied to the radar antenna and range servos. The acciui.-ition
program @ and ¢ data can be made available to the slave bus for slaving
the Télemetry Tracker and Tri-helix antennas. :

The tracking data from the Verlort is in polar form and expresses
the vehicle position in terms of the radar antemna azimuth (6),
elevation mgie (#) and slant range (r). For intrastation use, this
data is in d-c and synchro form. _

The d-c polar position data from the radar are converted to cartesian
coordinates in a polar-to-cartesian (P/C) converter. The output of the
P/C consists of three d-c voltages representing the radar plane .cartesian
X, ¥ and z. At Point Mugu, this output 1s applied directly to the
local radar plotting board and the Mugu/VAFB real time slaving link
through coordinate transformation and' analog-to-digital (A/D) converter
units. At VAFB, this d-c output of the P/C convercer‘ is applied to
an A/D converter for data transmission to the receiver site and the
remote real time slaving link.

PHILCO WESTERN DEVELOPMENT LABGRATORIES
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The A/D transceiver converts the d-c x, y, and g analog input |
from t‘:he.P/c converter to 15-bit digital x, y, and gz data, “The digital
data are transmitted over voice-qu;li-ty l'inu'.wi.thout loss of informa- -
tion. The analog ﬁpﬁt to the A/D transceiver is sampled 10 times a
eeéond and transmitted at the same rate. The total 15 bits x, 15 bits
Y, and 15 bits z, 6 bits auxiliat;y, and one synchronizing bit are
transmitted. The synchtonizing bit marks the bcgihning of a new digital
woxd and is usuvally referred to as the end of word (ROW) burst. The EOW
burst is twice as long as a data burst for easy disqrinim;ion at the
digital-to—amlog(D/A) converter at the other end of the line.

The digital x, ¥, and z tracking data from the VAFB A/D transceiver
are transmitted across the station to thcf D/A transceiver which converts
the digif:al data back to d-c, The plotboard plots the real-time
tracking data from the radar. This same digital link is used for the
preplot imput from the acquisition Programmer, Both plots are in radar
p.lane X, ¥, and g coordimtea.

At VAFB, the output of the Radar I D/A transceiver is applied as
a local input to the slave bus C/P converter. The C/P converter converts
the Radar I data into 'the two-parameter (8, ¢) poler from for ultima}:e
application to the VAFB slave-data bus via the ac(;uisition ind tracking
console. Radar data from the Point Mugu radar (Radar II) also may )

be applied to the c/p converter which drives the VAFB slave-data bus,
The &vdlahility of local Radar I and remote Radar II tracking data on
the -siave-data bus permits the slaving of tim VAFB ridar, télemetry
‘tracker, and tri-li‘glix to the remote radar. Locally, the f:elem'etry N
tracker and the tri-helix may be slaved to the VAFB radar. The digital-

data transmission network at the VAFB-Point Mugu complex supplies the
slave-dats bus at either the VAFB or Point Mugu location with radar -
tracking data from either the VAFB or Point Mugu radars. At either
station, the local radar is referred to ag ‘Radar I and the remote radar
is referred to as Radar IT, '

The digital %, ¥, and z date output of the VAFB A/D transceiver
also is ;iangu;tted to the downrange station at Point Mugu to slave
the remote radar to the local VAFB radar. At Point Mugu, the digital
Xy, ¥, and z data are converted to ana’lp;g X, ¥, and z data by a D/A
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converter. The d-c x, y, and z data are in VAFB radar plane coord:lnatu.
A coordinate transformation is performed on the VAFB X ¥ and z dan

in order to drive the remote radar and plotboards in Point Mugu radar
plane coordinates. Coordinate transformation is performed in a coordinate
transformer by convorting the x, y, and £ coordinates to geocentric

polar coordinates referenced to the center of the earth, then rotating |
the geocentric polar cooi'diuotes to those of the remote station and
converting the new geocentric polar coordinates to cartesian x, Ys and

z coordinatu. A.fter .coordinate transformation, the d-c x, Y, and z
tracking data are reconverted to polar coordinates by the Point Mugu

C/P converter and applied to the Point Mugu radar as synchro 9, #s and

r. This permits slaving the Point Mugu radar to the VAFB radar, Two-
parameter synchro data (6 and g) are applied to the Point Mugu C/P
couverter and made available for application to the Point Mugu slave- |
data bus. The d-c X, ¥, and z output of the Point Mugu receivo coord:l.nata
transformer also is made available l:o the li;gu Radar I1 plotboard

for plotting of VAFB data.

The d-c x, y, and z output of the Point Mugu C/P converter is |
applied to a transmit coordinate transformer which converts the Point
Mugu tracking data to VAFB coordinates. 'rhooe coordinates aro then
converted to digital form for t;mmiuion to VAFB by an A/D converter.
At VAFB the tracking data from Point Mugu ultimately are made avaiiable
to the VAFB radar, plotboard and s].avo-dato bus. The digital x, y, and
z data from Point Mugu which are made available to the VA?B x:adar are
first converted to d-c x, y, and z data by a D/A converter. The d-~c
X, ¥, and z coordinates are converted to polar data by a C/P oonverter
and the resulting @, ¢ and two-speed r are available to olave the VAFB
radar to the Poinf Mugu radar. The digital x, y, and z data from Point
Mugu which are made available to the plotboard are first converted to
d-c x, y, and z data by a D/A converter at the receiver area. “The
d-c x, y, and z data drive the VAFB Radar 1I plotbonrd The remote
Radar I1 d-c x, y, and z data are also made available to a C/P converter
for conversion to synchro ¢ and g and for application to the acquisition

and tracking control console. The remote radar tracking data may then
be applied to the slave-data bus.
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 OF the six auxiliary bits available to the D/s transceiver system,
thfée 8xe utilized to transmit Radar II status 1nformat19n over the
VAFB-Point‘thu real time dlaving'link. The other three bits are not
utilized. :
4.3.1 vVAPB g chro-Data Iransmission Network
A simpl;fiéd block diagram of the VAFB.synchro-data transg.
mission network ig shown in Fig. 4-2. The synchro-data transmigsion
network transmitg synchro data from each of the tracking inatrumpntl
and the acquisition Programmer to o slave tracking command panel for
distribtuion on g 8lave-data bus and to the master contro} console
indicators. The number of synchro inﬁuts to the slave tracking command
' p;nel varies according to the complexity of the tracking stafion. At
Vandenberg there are six major synchro inputs to the slave tracking
counana Panel (local radar digital and synchro, acquiiicion Programmer,
remote radar, telemetry tracker, and tri-helix), Thcnd synchro inputs
are sclccted‘by the acquisition and tracking controller and are applied
to the slave-data bus.  An indicator at each of the tracking equipment
congoles informs the operator of the kind of data on the slave-data
bua.‘ Dualblngular-poaition indicators at the telemetry tracker and
tri~-helix equipment congoles indicate the a&gular pPosition of the
tracking antenﬁa, and the angular position dictated by the data on
the slave-data bus. At the radar, the dual angle indicators are
Ppositioned by the tracking antenna and by the data selected by the
remote selection switch. In the ACQ 3 (Remote 3) Position, either
the acquisition Programmer or the remote radar p&sicionc the dual
indicators. 1In the ACQ 4 (Remote 4) positioh, the dnta'on the slave-
data bus pPositions the dual'indicators. If the radar ig operated in
remofe, the radar antenna is slaved to the same source ai the dual
. 1nd1cators, the acquisition Programmer, the_remote,tadar, or the
slave-data bus, and the dual bus indicators are disabled to reduce the
load on the synchro-data transmission system. The telemetry tracker
and tri-helix must be operated in SLAVE TRK before their antennas are
slaved to the data on the slave-data bus,
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The acquisition aﬁd tracking controller selects either the
acqusition program x, y, and z data.or the remote radar x, y, and z .
data as an input to the Verlor C/P converter. This C/P provides the
three parameter (6, ¢, r) synchro data to slave the radar in the ACQ
3 mode. The range data are 1:1 and 1:25 two-speed synchro data for

. the accurate positioning of the radar range gate during acquisition,
When the acquisition programmer is selected, the angle (o, ). output
of the Verlort C/P is also applied to the Verlort synchro link dual
three-channel synchro line amplifier for routing to the slave track
command panel. This link is normally used to route Radar I auxiliary
synchro ddta to the slave track panel as a backup to the Verlort digital
link.

The inputs to the slave. tracking command panel are all two-
parameter (6, g) synchro data. The acquisition and tracking controller
selects either the local or the remote tadtr d-c x, y, and z data from
the D/A transceivers associated with the VAFB plotboards for routing
‘to the slave track C/P converter. The 6 and ¢ synchro output of the
converter are applied to the slave track command panel, providing
either local or remote radar slave data. v

Of the six synchro inputs to the slave tracking command
panel, only one at a time can be'placed on the slave data bus. This
data is applied to dual three-channel syuchro line amplifiers for
routing to tracking equipment.

Two-parameter (9 and g) synchto data ftom the local radar,
the telemetry tracker, and the tri-helix are routed to the slave track-
ing command panel and made lvaiilble to the slave-data bus. Range
data from Radar I is transmitted to a range indicator on the master
control console. Synchro dats from Radar 1 and the telemetry tracker
are applied to the dual indicators on the master control console. Tri-
helix synchro data are applied to a single angle indicator on the master
control console. Synchro data from the telemetry tracker are routed
to a synchro-to-d-c converter, converted to d-c, and applied to the
telemetry tracker plotbOltd The telemetry tracker polar data are
plotted directly.
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4.3.2 Point Mugu Synchro Data Iransmission Network

.The synchro data transmission network at Point Mugu differs
from the VAFB network in that fewer units route synchro .data to the
slave-data.bus. At Point Mugu, the Radar I auxiliary and telemetry
tracker synchro data are not made available to the slave tracking command
Panel and the slave-data bus (see Fig.4-1).

- 4.4 Equipment Description
The data transmission equipment is installed either in air con-
ditioned vang or Buildings. All stations include a Data Transmission
van which containg the major data transmission equipment (Pig, 4-4) .
The display and control functions are installed in buildings at VAFB,
Hawaii and Kodiak (Figg. 4~5, 46, and 4-7), and in Administration and
Control vang at Point Mugu and NBTS (Pig. 4-9);
4.4.1 Di ital-to?Analo Transceiver (Pig. 4-10_and. 4-1

The digital-to-énniog (D/A) transceiver converts the

digital pulse train from the A/D transceiver to voltages equal to the

original anhlog X, ¥, and z coordinate input to the A/D trangceiver,
The pulse train containing multiplexed x, y, and z rectangular coordinate
data represents the position of 15 relays in each channel of the A/D
transceiver. The relay positions in the A/D transceiver channels
determine the valye of comparison voltages 8enerated to equal the
original analog input. The pulse train input to the D/A transceiver
positions relays in patterns identical to those in the A/D transceiver.
Under these conditions, the original analog inputs are reproduced with
an accuracy of + 0.004 volt, |

Multiplexed x, Y, and z channel digital-data tone burats.
enter the D/A data Processing and control function where they are
detected and shaped. The shaped pulges excite a ringing filter which
generates masgter timing signals. The multiplexed data words are
serially read into a magnetic core shift register and stored. At
the end of each word, the magnetic core shift register has stored
the pattern of input pulses of the rectangular x, ¥, and z coordinates.
At the correct time, a read-in Pulse is applied to the magnetic ;ore
shift regiiter. When a read-in pulse and core-drive pulse are applied
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Fig. 4-7 Kodiak Composite Building Floor Plan
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simultaneously to a core which is in a "1" state, the core pulses an .
associated flip-flop. The flip-flop then commnnds'its associated
feedback relay to open. This action occurs to all "1 gtate cores .
simul taneously, so thaﬁ work stored in the core is expelled as a unit.

The expelled words position relays in ﬁhe reproduction
function. The reproduction function contains a variable gain device.
with an output voltage dependent on the relay pattern. This device
is similgr to the device in the D/A transceiver feedback function, so
that wvhen the relay pattern ig reproduced, a voltage which equals the
original analog input is produced. |

The reproduced analog voltages representing the rectangular
coordinates transmitted from a remote radar are corrected for parallax
and amplified. The parallax corrected d-c x, y, and z coordinates are
then applied to a plotboard or to a C/P coordinate converter. The
C/P converter slaves a remote radar. PFor a simplified block diagram
of the D/A transceiver, refer to Fig. 4-11. )

4.4.2 Analog-to-Digital Transceiver (Fig. 410 and 4-14)

The analog-to-digital (A/D) transceiver converts each of
the d-c x, y, and z analog voltages to a 15-bit digital code for trans-
mission to a remote point. The A/D transceiver has one channel for
each of the x, ¥, and z rectangular coordinate analog voltages. _The
operaiion of each channel is identical.

. ' The input analog voltage is compared with a discontinuous
varying comparison Voitage. The resulting d-¢ voltage is amplified
and applied as an error signal to the'iensing function. The sensing
function_senaeq the polarity of the error signal and commands the
feedback function to generate a new discrete feedback voltage. The
input analog is compared with the new feedback voltage, by the comparison
function, and a neﬁ error voltage is produced and the feedback function
is commanded tokgenerate an additional discrete comparison voltage.
This process continues until the error signal approaches zero. The
process resembles that of a closed servo loop.

The sensing function senses the polarity of the error signal
and commands relays in the feedback function to adjust the comparison
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voltage. The relays are closea at the beginning of a sampling period
and opened in sequence by commands from the sensing function. The
relay commands from the sensing functions are timed by the timing
function. At each command, a relay opens and the compatison voltage
increases by a factor of.one-half. The error-voltage pblatity is
sensed and the relays are commanded to increase the feedbsack voltage
uﬁtil the polarity of the error voltage goes negative. When the
error-signal polarity goes negative, the voltage increase switched in
by the feedback function ia;too large to null the input voltage; the
relay causing that increase is reclosed; and the next finer relay is
opened The resulting error-signal polarity is then sensed and the
process continues until each increase in the feedback signal is too
large to null the input voltage and a negative-polarity error signal
is generated. Fifteen relays are operated to generate a comparison
vol tage. ,

The relay pattern commanded by the sensing. function which
duplicates the analog inpﬁt is transmitted to the encoding function.
The encoding function generates & 1920-cps tone burst each time a
negative-polarity error signal is aenaed

The timing function synchronizes the sampling of the x, y,
and z A/D converter channels so that they are‘multiplexed. The encoding
function transmits the first digit of the three channels serially,
then the second digit of the three channels serially, and so on until

~ the 15-bit words for all channels are transmitted. The process occurs

about 10 times each second. For a simplified block diagram of the
A/D transceiver, refer to Fig. 4-14.

4.4.3 Acquisition Programmer (Fig. 4-15 and 4-16)
The purpose of the acquisition programmer is to record and
store the teletype coordinates and time data sent from the central

computer and to provide this information to the preplot and vehicle
acquisition phases of the operation.

Digital signals are carried from the computer over standard
teletype lines to the recorder-playback unit. The play-back may be
synchronized with real-time signals from the timing unit. The data
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Converter section accepts digital signals from the playback unit and
converts these to d-c an@log voltages proportional to x, Yy, and z pre-
dicted positions of the vehicle. ' 3 _
Programmed timing signals are also received from the play-
back unit and compared with real-time signals from the giﬁing unit tq:
provide an indication of the time differential (ahead, behind, or
~matched) between programmed time and real time. Manual f#cLlities
are provided for adjusting pilyback speed to provide “matched".syn-
chfonization between program time and real time. The data converter
is keyed to allow sampling at 4-, 8-, 12-, 16-, 20-, 24~, or 28-second
intervals. Four seconds is the normal sampling interval. .
Recorder-Playback Unit. The magnetic tape recorder accepts
and records binarj-coded information received from a digital computer
over standard telephone or teletype lines. Programmed time is compatéd
to real time and facilities provided for manual synchronization. The
time differential information is received from the. time comparator
circuit.

Data Converter. Binary=-coded, serially-received pulses

are applied to a series of magnetic core storage elements in the data
converter. A complete data word containing t, x, y, and z information
is received every &4 seconds. At 4-second intervals, this stored
information is read out, and real time and programmed time are compared.
The playback portion of the recorder can be made to speed up or slow
down as necessary to achieve coincidence of real and programmed times.
The x, y, and z information is converted to d-c voltages of polarity
and amplitude proportional to the programmed vehicle position, and
these d-c analog voltages are smoothed to provide uninterrﬁped mocion
of the display servo system between :cadouts.v Outputs provided to
- the display servo system are as follows:

4. Reference (+ 140v)

b. Reference (- 140v)

¢, Latitude (-140v'to +140v)

d. Longitude (-140v to +140v)

e. Altitude (-140v to +140v)

f. High quality ground
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Each of the conductors are sépafately scheduled. The high
quality ground is a return for each of the other lines and is not con-
nected to chassis ground. The load between each line and high quality
ground must be constant, resistive, and greater than 200,000 ohma,
preferably more,

Time Comparison System. (Computed time unit) A 16-bit
serial time code word is received oncﬁ'every 4 seconds from the mag-
netic tape playback unit. This time code word is applied to a magnetic
core register which is read out at 4-second intervals causing a group
of 16 relays to close and open in a combination corresponding to a
time code word. _
Rﬁnl-Tima Unit. The real-time unit provides a time code
word (16-digit binary) from the timing terminal unit. The real-time
code word 1s related to real-time WWV time signals.

Time Comparator Function. The time code word from the
real-time unit is compared with the output of the computed time unit.
Switche: located on the panel allow advance or retard of the tape to

control the speed of playback and produce close synchronism of the
program with real time.

For a simplified block diagram of the acquisition programmer,
see Fig, 4-16.

4.4.4 Digital-to-Teletype Converter (Pig. 4-17. and 4-12)

The digital-to-teletype (D/TT) converter converts radar
range, azimuth, and elevation data and telemetry tracker azimuth and
elevation data from cyclic-binary code to teletype code for trans-
mission via 100-wpm teletype to the central computer. Time, station
identification, synchronizing data, and quality information are also
transmitted.

Since the operation of the radar and telemetry tracker D/TT
converters are similar, only the radar D/TT converter is discussed here.
Range, elevation, and azimnth data are transmitted from the radar in
cyclic binary code, gated into magnetic core ghift registers, and
stored for subsequent serial readout. Continuous digital range data
are produced by two 10-bit code wheels, one coarse and one fine, that
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produce a range resolution of 9 76 yards per bit. Twenty information
bits are available, 19 for range encoding and one for ambiguity resolution.
Only 18 bits are used for range encoding as a result of the passive

track modification which utilizes the least significant (19th) range bit
to provide an indication of the passive track mode of Verlort operation.
This results in & range resolution of 19.52 yards. Digital azimuth and
elevation antenna position data are transmitted by 16-bit code wheels.
The azimuth and elevation code wheels are pulsed simultaneously by timing
Pulses originating at the shift register control unit. The pulses

excite the code wheels and gate the input to the shift register

simul taneocusly once every four seconds. As the range information ig
available continuously from the range code wheels and encoders, the

input gate determines the instant of range input sampling. Gating the
inputs to the shift registers reduces the probability of noige being
stored as data in the magnetic core shift registers. Time words from

the central timing unit and synchronizing data are also read into
magnetic core shift registers once every four seconds.

The data which are read into the magnetic core shift
registers are read out serially into a teletype line converter for
100-wpm transmission to the central computer. The heading information
consists of data, station identification, tracking equipment identification,
and data quality factor information. The word heading is programmed within
the start-of-word, range, and end~of-word shift registers by means of
switches controlled by the operator. The next elements to be shifted
into the teletype line converter constitute the data word. The data
word consists of time, azimuth elevation, range, quality, and end-of-
word information, in that order. During the time the heading is being
transmitted, the elevation, azimuth, and time shift’registers are re-
moved from the circuit by a control circuit. The oucpﬁta from the
range, azimuth, and elevation code wheels are in cyclic binary code.
These words are changed into binary code prior to transmission by a

‘eyclic binary-to-binary converter inserted between thé time shift
register and the azimuth shift register. In addition, the azimuth
word is inverted because of the method used to mount the angle encoder
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on the radar. _Reiqversion of the word to the correct form is accom=
Plished in the cyclic biniry-tquiany converter. |

. | A parity bit is inserted after every even bit sequence.
This is accomplished by a parity-bit generator which is controlled by
¥eset pulses from the shift register control unit. The pulses out
of the registers are counted by the parity-bit generator. A parity
pulsé is ingerted or not inserted, depending oh the number of pulses
counted during the bit sequence. If an even number of data pulses
are counted, a parity bit is inserted to make the total number.of
'pulsea‘tr;nlmitted odd. If ah odd number of data pulses are counted,
no parity pulse is inserted and the total number of Pulses transmitted
is odd. The pafity generator asiures that an odd number of pulses are
transmitted during each bit sequence on the'ﬁeletype tape. The central computer -
senses bit sequences composed of an even number of pulses and rejects
that particular sequence. The computer accepts only sequences which
contain an odd number of pulses, The computer detects the total number
of sequences in a received word and if that total is not correct, that
word will be rejected. If a word is rejected, the computer is still
able to compute an accurate orbit on the basis of the preceding and
succeeding data samples which occur once every 4 seconds.

A sample header and data word of a typical VERLORT tape

is shown below. The first seven-bit sequences meke up the he‘der.
Sequences 1 and 7 are the header "start" and "stop" indicatorn and
thg bit sequence must be even, and punched as indicated before .the
pomputerbwill recognize it as valid information. Sequences 2 through
6 are the "identification" bits 8iving information on the word message
to follow; i.e., monfh, day, station,'vehiple, ete,

Line Header Data Word
1 [x )
2 |X X |X
*3 IX X
4 |X X 5 ‘ .
#kS X! | , : ! X
12 3456789 101112131415 181s2021225§i¢252

*  Sprocket holes appear between lines 2 and 3

*% Parity Pulse Line
- 4-29
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The bit sequences 8 through 26 make up the data word. SQquences.8 and
26 are the word "start" and '"stop" indicators and must be even and
punched,.ab shown, to be recognized as valid. Sequences 9 through 25
are the sequences giving data on time, azimuth, elevation, and range.
All sequences must be recognized as valid before the word will be
accepted as good. ‘

The signal emanating from the teletype line converter is
applied directly to a 100-wpm teletype tape perforator. A magnetic tape
recording is made of this signal and it may be played into the line
at any time. A separdte channel is provided on the tape for a voice
description of the data. This makes it possible to go through the tape
at a later time to determine 6rally the data that appears on that
section of the tape. | |

For a simplified block diagrah of the D/IT converter see
Pig. 4-12. | | '

4.4.5 Cartesian-to-Polar Converter (Fig. 4-18.and 4-13)

The cartesian-to-polar (C/P) converter converts tracking

data from cartesian d-c x, y, and z signals. The polar 6, g, and r
synchro outputs which are applied to the antenna and range servo systems
of the Verlort radars; Polar @ and g outputs are also applied to the
acquisition and tracking control and made available to the slave-data
bus. , A
Parallax-corrected Cartesian x, y, and z data from a D/A

converter are applied to the input smoothing circuits of the C/P
converter. The smoothed x and y data are applied to the azimuth
resolver, and the smoothed z data aie applied to the elevation
resolver. The resolvers perform the necessary operations on the data
to produce corrected two-speed § and g synchro signals and a d-c
range voltage. The d-c range voltage is applied to a range unit
for conversion to two-sbeed synchro data. The one-~speed 6 and g

. synchro signals are routed to the radar antenna servo or to the Acquf-
sition and tracking console for application to the slave-data bus.
The 36-speed § and g data are not used in this application. The
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Fig,. 4-18 Cartesian-to-Polar Converter
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two-speed'range synchro Hatana:e routed to the radar only to position
the radar range gate, See Eig. 413 for a simplified block diagram

of the. C/P converter.

4.4,6 Polar to Cartesian Converter grig. 4-19 and 4-20)

The polar-t o-cartaaian (P/C) converter converta the radar

tracklng data from polar coordinates to cartesian coordinates. The
transmission of polar data requires five channels and complex parallax
and earth curvature corrections. Converaion of the data to cartesian
coordinates raducea‘tha_raquirad tranamiaaion channels to three and
simplifies the parallaa,and curvature corrections.

The Verlort radars have three potentiometers which produce
voltages proportional to sin 8, and cos 6, aiﬁzﬁ,'coa ¢, and r. 0
represents the antemna azimuth.angle, § represents the antenna elevation
angle, and r respresents slant tanéa to the target. Tﬁe P/C converter
in;erconnecﬁa these five radar outputs to produce voltages which represent
tha'targetlpoaition in the three cartesian coordinates x, y, and z,

The output of the radar range potentiometer is amplified
and converted to a double-ended signal which is placed across the
elevation potentiometer. The elevation potentiometer multiplies
range times the sine and cosine of the alevationlangla to produce r
sin 6 and r cos 4. The r sin ¢ term is inverted in an amplifief,
smoothed and invertad-again, and applied as the smoothed z term to
‘the output of the P/C converter. The r cos $ term is amplified and
converted to a double-ended signal which is placed across the .azimuth
potentiometer. . -

The azimuth potentiometer multiplies r cos § times the sine
and cosine of the azimuth angle to produce r cos § sin O, or y, and T
cos § cos O, or x. The two outputa, x and y, are inverted in amplifiera,
amoothed and inverted a second’ time, and applied as smoothed x and y
data to the output of the P/C converter. |

" Refraction Corrector |

The refraction corrector corrects the z coordinate for
radiation-refraction between the vehicle and the radar. The refraction
correction is a function of the elevation angle. ‘For this reason, '
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4-19 Polar-to-Cartesian Converter

Fig.
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elevation synchro acta from the radar and range data from the range
- amplifier inverter are supplied to the refraction corrector. The
refraction correction is generat;d ﬁnd applled'to a4 servo amplifier
which rotates a Potentiometer to enter the refrac:ion cbrrection in
the z channel of the P/C conberter. Pigure 4-20 is a simplified block
diagram of the P/C converter. _ |
4.4.7 Data Van Control Unit (Fig. 4-26 and 4-22) |
’ The data van control unit congists of rack-mounted azimuth
and elevation coordinate rotator units, range test simulator, ,synchro.-
control relays; d;c aﬁplifiers, and associated power supplies. ;

The prime purpose of this equipment is to provide a range,
azimuth, and elevation test data simulation to facilitate testing and
calibration of data loops. See Fig. 4-22 for simplified block diagram
of the data van control unit, '

4.4.8 Coordinate Transformation Unit (Fig 4-23 and 4-24)

The coordin@te trangformation ﬁnit, located at Pt. ﬁugu
applies coordinate rotation and spherical corrections to the alavg
track data that is transmitted between VAFB and Pt. Mugu. It applies
the corrections to both incoming and outgoing data such that incoming
data, upon receipt, is translated into Pt. Mugu radar coordinates, )
and outgoing data is translated into VAFB radar coordinates prior to
transmission. ’

. The coordinate transformation unit 1s housed in a standard
rack, and consists of two coordinate transformation sub-units, two
spherical computers, a resolver, 30 d-¢ amplifiers, and associated
support equipment,

Coordinate data is transmitted from VAFB to Pt. Mugu in
digital form and is received by the D/A transceiver. The D/A trans-
ceiver codverté the data to analog form and appiies parallax correction.
This corresponds to a tranglation of the coordinate system from A to
B to C as shown in Fig. 4-25, However, the syétem must still be rotated

~ to that the antenna at C "looks" in the proper direction. This functiop
is performed by a coordinate transformation subunit which makes a matrix
multiplication in three dimensions to rotate the axes. The corrected
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21 Data Van Control Unit

Fig, 4-

4-36

GOVERNMENT & INDUSTRIAL GROUP
WESTERN DEVELOPMENT LABORATORIES

PHILCO



* WDL-TR1394

(1 399yg) .
weilerq A201g peryTduys ‘37ug 1013u0) ump w3nq wZi~y- 814

£ §
S
| !é‘@ .

GOVERNMENT & INDUSTRIAL GROUP:
WESTERN DIVII-OPMIN‘T'LAIOIATOIICI

PHILCO



WDL-TR1394

(1 3e9ys)

. weaBeyrq ¥o0o1d vowuwﬁaaﬁm ‘3t1upn 1033u0) uwp ®IRd qzZ-H Bya

I
|
l
]

NVA

o8 Y

VIX LNO $ND0T ®©

v S3Z19u3IN3
45

RHON O
SH10¥
NHON
AR+
o
NUON 1831

g

JINVYHD ¥ Va

LINA LOY ¥00D 1$31 13

4INt 104 00D 1531 Zv

V=23 S$3ZI9W3N3

e e e

: I
I
R
' “ | o/4
e L
. I y
| Hi
_ — — 434
i | 1.1
< RSN 238
LT
_ o "I NVA
lestzsusal | 1
[Tessws-a | | .
| 1 avavy
i | |
Q > | 439
_ 1| | [cunonzs
“ saviw ] | .
j TouLNo N
ownonas |l | | i
| 1]
_ 2 " Ju_u _..m:us_oo.__.._
oy s
_ o:ll._wﬂll_|m<l )
. — _
|

-
|
l
L

4-38

GOVERNMENT & INDUSTRIAL GROUP
WESTERN DEVELOPMENT LABDORATORIES

PHILCO



WDL-TR1394

=== 3
| { ‘ MASTER
DIGITAL 1 CONTROL
. viNoEweens T | | CANTESAN L) consore
. ‘ ANALOGUE { _
} b
: SPHERICAL :;; l
| | ' T0 TRACKING
= I EQUIPMENTS
' v
RESOLVER
K
| !
’ "0C —j : SLAVE INPUT
| AMPLIFIERS  |[— | . _
|
: | |. .
. ANALOSUE , COORDINATE ; POLAR TO ey
vANDENBERS ¢——o TO —+— TRANSFORMATION
. |owirae I SUBUNIT CARTESIAN RADAR
|
|
. SPHERICAL Xy
. CORRECTOR
ITCHI TION eLOT
TY swiTCHING FUNC 7 ot
| I, — ) -

Fig. 4-24 Coordinate Transformation Unit Blodk'siagraml

Fig. 4-25 Two Dimensional Coordinate System
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information is now fed out through switching to a C/P converter and is
then in a form for use in slaving the tracking equipﬁent and.for driving'
various angle indicators. The coordinate transformation subunit also
feeds a spherical computer which accounts for earth curvature between
the two ltacionp and applies its output to the X~y recorders.

When the VAFB radar is to be slaved to the Pt. Mugu radar,
0, ¢ and r data are converted to X, ¥, and z by a P/C converter and
fed out to both a spherical computer and & coordinate transformation
subunit. The spherical computer aﬁplies its correction ahd feeds
X, ¥, and h to the local plotboard. The coordinate transformer rotates
Pt. Mugu coordinates to VAFB coordinates and feeds out to an A/D
converter which transmits the information to VAFB in digital form,

See Fig. 4-24 for a simplified block diagram of the coordinate trans-
formation unit. ' ‘

4.4.9 X-Y Recorder (Plotboard) Fig. 4-26 and 4=27)
' The x-y recofder-(plotboard) is designed to record two .
y = £ (x) plots by moving two pairs of pens. Each plot'has two pens
available, one to record the function y = £ (x), the other to mark
time or to mark special events. Normally one plot records the path
of the tracked vehicle in x and Y coordinates and the other plot records
the'y and z (radar plane elevat;on coordinates,

The x-y recorder consists of a control unit; three sc#le
factor and parallax units, a voltage comparator and marker unit, a
servo amplifier, a gervo supply, and a powef supply, as well as the
Plotting surface. '

The x-y recorder provides the following variations in
display: parallax correction circuits shift the origin of the plot;
scale factor circuits expand or contract the Plot; an interchange unit
switches the plotted function from one pen arm to the other; and pen
life circuits 1ift the pen manually or'automatically, '

The interchange circuit is capable of gwitching the output
of x and y amplifiers to the input pf the xz and Yo servo amplifiers
and vice versa topermit the plotting of two function y = f (x) on
completely across the plotting Qurface. ‘
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Fig. 4-26 X-Y Recorder Plotboard
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‘The servo amplifiers provide power td the servo motors which
in turn drive plotboard arms and pens. The servo motors also drive feed-
back potentiometers which genétste voltages for routing back to the -
input of the servo amplifiers. When the motors are correctly positioned
the feedback voltages cancel has input voltages bringing motors, pens,
and arms to rest. This condition prevails until the input signal level
changes.

The pen lift circuits provide both manual or automatic pen
lifting. In the automatic mode, excéssively strong signals from the
.servo smplifiers are amplified by the pen lift amplifiers which lift
the pens.as they slew rapidly across the plotting surface. Rough
signals and excessively strong signal inputs are thus prévented from
marking the paper. Manual pen lift is provided as one method of
. mﬁtking special events. For a simplified block diagram of the recorder,
see Fig, 4-27. | ‘

Figure 4-28 is typical of the type of chart furnished at

all tracking stations for plotting the actual or preplot tracks. Each
) tracking station is provided with a map which covers the range of the
station tracking equipment. This map is scaled approximately 80 n.
miles to the inch to provide an overall map coverage of 1200 miles in
each direction féom the site, with the site centered on the map. This
map coverage will allow adequate coverage of any passes up to 300 miles
altitude down to 3 degrees on the horizon. The map is drinn utilizing
the Lambert conformal conic projection with true north being straight
up; i.e., the longitudinal line bisecting the site will be a straight
line up and down. This is necessary because, with the Verlort equip-
ment base line referenced on a true north-south and east-west, the
latitude and longitude lines through the site should be vertical and
horizontal in relation to the map so that the pen will trace a true
south vertical bearing down the longitudinal line of the map.

At Hawaii and VAFB, the telemtry tracker plotboards require
~ a chart for polar presentation of the vehiclevtrack. This chart (Fig 4-29)
 consists of a grid of solid and dotted lines, both horizontal and vertical,

with unlabeled azimuth and elevation scales on each side of the chart.
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Fig. 4-29 Polar Chart for Tﬁlemetry Tracker Plotboard
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Additional charts furnished at all stations include radar
calibration charts, test charts, and aircrast tracking maps for cal-
ibration purposes. |

4.4.10 Van Console Control (Fig. 4-30 and 4-31)

. The van console control consists of rack-mounted servo
indicator amplifiers, synchro line amplifiefs, timing terminal unit,
and associated power suppliéd.

The van console control houses ﬁhe tracking equipment servo
amplifiers and the timing terminal unit that delivers timing pulses
to the master contrbl and shift supervisor's console. See Fig. 4-31
for a simplified block diagram of the van console.

© 4.4.11 Building Console Control (Fig. 4-32 and 4-33)

' The building.consble control consists of rack-mounted servo
indicator amplifierﬁ, eynchio line amplifiers, and synchro-to-dc con-
verter.

The purpose of the building console control is to house
the tracking equipment servo and line amplifiers and ‘the synchro-to-
dc converter used to drive the :elemecfy tracker plotting board. See
Fig. 4-33 for a simplified schematic of the bﬁilding console control.

4.4.12 D-C Analog Data Line Amplifier System (Fig. 4-34 and 4-35)

The analog da:a'line amplifier system (ADLA) is a part
‘of the real-time telemetry system, and provides: (1) isolation .
beCweén telemetry decommutator and instruments and circuitry of the
vehicle control console; (2)vremote monitoring of VCC instrument
indications and levels, (3) level control of input signals to VCC,
and (4) signal processing.

. The analog data line amplifier consists of eleven modulator
panel-mounted d-c amplifiers and a panel meter which is used to moni tor
the input or‘output of any of the eleven channels. Inputs to these

~ channels from the telemetry decommutators are in the form of d-c
staircase analog voltages within the range of 1 to 10 volts with a
staircase sample rate of a least 10 samples per second. In operation,
each chq;nnel level is preset with the built-in calibration circuitry

to assure proper relay operatioﬁ and meter indication at the VCC.
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The ADLA has the following additional capabilities which
increase its versatility and reliability, '

a. Calibratian.meter zero off~set control for each
channelA

b. Discriminator adjustment for relay operating "set
point"

c. Local or remote relay operation for alarm or "on-off"
functions -

d. Front panel adjustment of amplifier gain, zero off-
set, and scale factor adjustments,

The following telemetered readouts of vehicle function
are relayed to the Vehicle Command Controller (VCC) console by the
analog data line amplifiei system:

’ 4. Tone verification, A,B,C and D (4 chan.)

b. Reset monitor signal

¢. Command verification 1,2,3 and 4, tone tell tale
(4 chan.)

d. Payload function selector -setting (4 chan,)
; Increase/decrease switch position
10-second step position

8. 100« second step position

h.. Re-entry selector switch position

i. Transponder signal level

J. Transponder power level,

The SS/L and timer readout panel which provides the vee
indicatién for'c,d,e,f,g and h, above, was not provided at Pt. Mugu,
Readouts of‘these functioné at Pt. Mugu are read out at the telemetry
equipment, as required.

The following station information is also relayed to the
master control console (MCC) by the ADLA system:

a. ‘Sync alarm (T/M decom)

b. Doppler signal strength

¢. Tri-helix (T/M) signal strength

d. Telemetry Tracker signal strength (VAFB and Hawaii)
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4.5 Function and Descrigtion of Shift Supervisor's Consdle (Fig. 4-36)

The shift supervisor's console congists of the master timihs reset
Panel, the station status pPanel, and the communication# panel.'

The purpose of the shift supervisor'é console is to provide a
supervisory operating position which monitors and controis total
station activity,

4.5,1 Master Timing Reset Panel

See Fig. 5-8 for photograph of the master timing reset
panel. This panel contains threeclock§ which display system time,
estimated time to acquisition (ETA), and estimated time of track
(ETT), respectively. System time is displayed as a six~digit number
and is correlated with WWV time; ETA is displayed as a six-digit. number
expressing hours, minutes, and seconds; and ETT is displayed as a
four~-digit number indicating minutes and seconds. All three clocks

~have STOP, START, SET, RETARD, and ADVANCE controls.,
4.5.2 Station Status Panel

See Fig. 4-37 for an outline drawing of the station status
panel. This panel consists of two banks of indicator lights, energized
by switches located at the equipment, which show the operative or

inoperative status of the following equipment:
4. Acquisition and tracking controller
b. Vehicle command controller

€. Station data system

d. Timing system

e. Acquisition program

f. Long lines

8. Telemetry system.

4.5.3 Communications Panel
_ <munications Panel
This panel is similar to the communication pPanels in the

master control console.
4.6 Master Control Console (Fig. 4-38)
—==_0ntIol tonsole v
The master control console (MCC) consists of the acquisition and

tracking console and the vehicle command control console,
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The purpose of the master control console is to:

a. Provide a display and control position for the status of
" the tracking equipment -

b, Provide a display and control position for operating track-
ing equipment

¢. Provide the hecessary intrastation communications for the -
control operators :

d. Provide a display and control position for commands sent to
and received from the vehicle.

4,6.1 Acguisition'and Tracking Console
_ The acquisition and traéking console. provides control
facilities and dispiay features which enable the operator to evaluate
the condition and progress of each tracking system, and to control
the intrastation and inferstation flow of tracking information. v

The acquisition and tracking console is one of the three
major supervisory operating positions. It ig a part of the master
control console and is located within the administration and control
area at each tracking station. The configuration of the console is
identical at all tracking stations for purposes of standardization.
Because of the difference in size of the various stations,.some.of
the controls and displays provided by the consdle are not comnected.
For example, switches hnd-lights associated with the optical tracker
and angle tracker (Remote I) are used only at Vandenberg AFB, and
telemetry tracker controls and displays functions only at Vandenberg
AFB and Hawaii since this system 18 not installed at other sites.

' The following main panels make up the acquisition and
tracking comsole: (1) tracking status panel, (2) tracking indicator
panel, and (3) communications panei.

Tracking Status Panel (Fig. 4-39). This panel contains
status lights which indicate the operating condition of station track-
ing systems; self-illuminated, magnetically-held, pushbutton switches
which control the flow of tracking data; and signal level indicators
which show r-f signal strength as feceived at the'telemetry and doppler
receiving equipment. Miscellaneous control and display functions are
provided in addition to the major ones listed above. See Fig. 4-39g,
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a. Slave Tracking Command Switches.
The basic function of each of the nine mutually ex-

clusive slave tracking command switches is described
below. The magnetic holding coils of the pushbuttons.
are interlocked so that only the last one depressed

is held down, and the others are released automatically.

(1)

(2)

3)

Radar I Auxiliary.

The RADAR I AUX control is used at the Vandenberg
AFB and Hawaii stations only. Depressing this
pushbutton actuates a relay that connects RADAR 1
synchro outputs to a slave-data bus. The slave-
data bus is a circuit which intaerconnects all
local tracking systems at each station through
the control switching of the acquisition and
tracking console. Other contacts energize

. corresponding ttacking-data lights at the radar,

telemetry tracker, and tri-helix control positions.

Radar 1. )
At Vendenberg AFB and Hawaii, depressing the RADAR I
pushbutton actuates relays that connect synchro
data derived from the d-c potentiometer outputs
of the radar antenna to the slave-data bus. This
information is converted to digital form for
transmission from the radar to the station
control point. Digital techniques are used
because of the distance involved between these
two sites. The digital data are converted back
to analog form for utilization at the control
positions. At Point Mugu, Kodiak, and New Boston
stations, depressing the RADAR I pushbutton con-
nects radar synchro outputs to the slave data
bus. - Other contacts energize Radar I tracking-
data lights at the radar, telemetry tracker, and
tri-helix control positions.

Radar II. . .
At the Kodiak, New Boston and Hawaii stations, the
RADAR 11 control is not connected. At Vandenberg
AFB, depressing the RADAR II pushbutton actuates
relays which connect synchro data from the Point
Mugu radar to the slave-data bus. These data are

‘derived from the real-time digital transmission

circuit between Vandenberg AFB and Point Mugu,

and permit real-time slaving of the Vandenberg AFB
radar in three parameters (@, g, r) to the Point
Mugu radar and vice versa. Other relay contacts
energize corresponding tracking-data lights at the
local radar, telemetry tracker, and tri-helix con-
trol positions. At Point Mugu, depressing the
pushbutton labelled RADAR II actuates relays which
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connect three parameter. (g, ¢, r) slaving data
from the Vandenberg AFB radar to the Mugu slave-
data bus. These data'are derived from the real-
time digital transmigsion link between Vandenberg
AFB and Point Mugu. '

l‘elemetrz' Tracker.

The TLM Tracker control applies to the Vandenberg
AFB and Hawaii sites only. Depressing the TLM
TRACKER pushbutton actuates a relay that connects
synchro data (0, g) from the telemetry track
antenna to the slave-data bus. Other contacts
energize corresponding. tracking-data lights at
the radar, telemetry tracker, and tri-helix
control positions.

Tri-helix.

Depressing the TRI~HELIX pushbutton actuates a

relay which connects synchro data (g, #) from the
tri-helix antenna pedestgl to the data bus. Other
contacts energize corresponding tracking-data lights
at the radar, telemetry tracker, and tri-helix
operating positions. o '

Optical Tracker.

(Vandenberg only.) The OPTICAL TRACKER pushbutton
actuates a relay which connects synchro data (g,

g) from the optical tracker to the remote synchro
inputs of the local radar. Other contacts connect
the radar synchro data (6, g) to the slave-data
bus. Tracking-data lights labelled OPTICAL TRACKER
at the local radar, telemetry tracker, and tri-
helix control positions are energized by additional
relay contact closures, . :

The ACQ PROGRAM pushbutton actuates a relay that
connects synchro data (6, @), as derived from the
acquigition programmer in the data transmission
area,: to the slave-data bus. Other relay contacts
energize tracking-data lights labeled ACQ PROGRAM
at the radar, telemetry tracker, and tri-helix
control positions. ' :

Search. .

Depressing the SEARCH pushbutton actuates relays
which energize indicator lights marked SEARCH at
the radar, telemetry tracker, and tri-helix con-
trol positions, and indicates that tracking systems
should operate independently in a search mode.

Remote I (VAFB only)

The Remote I button actuates a Yelay which places
two-axis SAMOS angle tracker synchro data (e, @)
on the slave track bus. (See Para. C-1.2)
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b, Iracking Status Indicators.
Operational status of the tracking equipment is indicated

in three levels on separate banks of lights. The first
condition, INOPERATIVE, indicates that the equipment is
not able to function as part of the system. The second,
condition, OPERATING, indicates that equipment is turned
on and operating, or searching. The third condition,
TRACKING, indicates that the system is actually track-
ing the vehicle, The indicator lights are energized
automatically when the received signal strength reaches
a predetermined value.

¢. Acquisition Program Status.
The status light marked ACQ PROGRAM is energized by.a

switch labeled OPERATING located near the acquisition
programmer in the data transmission van. When energized,

" this light indicates that the acquisition program has
arrived from the central computer and is stored on
magnetic tape in the acquisition programmer and is
available for read-out upon command.

d. Acquisition Program Control.
Two other controls are provided for utilizing the

acquisition program, in addition to the ACQ PROGRAM

slave tracking command pushbutton. These are the

pushbuttons (non-holding) marked PRE-PLOT and COAST.

Their functions are as follows:

(1) Preplot.
A preplot of the acquisition program may be rum
out at high speed on the plot board prior to an
actual pass, by depressing the pushbutton labeled
PRE-PLOT. This actuates relays starting the
acquisition programmer and connecting its output
to the plot board input selector switch.

(2) Coast.
The COAST control is used to smooth the operation
of tracking systems which are slaved to the acqui-
sition program by passing over errors or discrepancies
in the program which become apparent during the pre-
plot. This is done by depressing the pushbutton
labeled COAST which actuates relays in the acquisition
programmer, disconnecting .ts output from the slave-
data bus as long as the pushbutton is held down.

e. Event Marker Control.
Depressing the non-holding pushbutton labeled EVENT
MARKER places a reference mark on the plot board at
any time during a preplot or actual real-time plot
during a pass.
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f. Signal Level Indicators.

8.

Three signal level indicatqfa, labled TELEMETRY TRACKER,
TRI-HELIX, and DOPPLER, are provided. These are panel
meters used as remote signal level indicators for the

telemetry tracker, tri-helix, and doppler systems,

- (1) ' Xelemetry Tracker.

At Hawaii and Vandenberg AFB only, the TELEMETRY
TRACKER meter presents an analog indication of
the relative signal level of the FM telemetry
signal as derived from the age voltage of the

. telemetry tracker receiver.

(2) Tri-helix.

.. The TRI-HELIX meter presents an analog indication
of the relative signal level of the FM telemetry
signal received by the tri-helix antenna. This
indication is derived from the agc voltage of an
active or standby telemetry receiver located in
the LMSD telemetry van or building.

(3) Doppler. .
This meter presents an analog indication of the

relative signal level of the c-w acquisition signalsg

as derived from the agc voltage of the doppler
receiver,

Telemetry Data Controls.

Pushbutton switches directly below the TELEMETRY TRACKER
and TRI-HELIX indicators activate relays which energize
light indicators in the LMSD telemetry receiving area
indicating which of the two systems (telemetry tracker

or tri-helix) is receiving the strongest or most reliable
signal. Holding circuits of these two pushbuttons are
interlocked so that only the last one depressed is held
and the other is automatically released. ‘ ’

Iracking Data Transmission.

Three TRACKING DATA XMIT pushbuttons, labeled HOLD,
NORMAL, and SEND TLM TRACK, actuate light indicators in
the communications area indicating to the teletype
operator which tracking data are to be sent to the
central computer. Pushbutton holding circuits are
interlocked so that only the last one depressed is

| held and the other two are released automatically.

(1) Hold.
Depressing the HOLD pushbutton indicates the
initial condition when no tracking data are
available, or that data being received are not
to be transmitted to the control computer.

(2) Normal. .
Actuating the NORMAL pushbutton ipdicates that
- the normal routine of data transmission is to

L4
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be followed. This routine is to send radar data,
telemetry tracker data, and doppler data, im that
order. .

(3) Send Telemetry Tracker.
Actuating the SEND TLM TRACKER pushbutton indicates
to the teletype operator that he is to transmit
tracking data received from the telemetry tracker.

i. Status.
STATUS pushbuttons labelled INOPERATIVE and OPERATING
energize lights on the shift supervisor's console which
indicate the summarized condition of all local tracking
systems as either inoperative or operating. Holding
circuits are interlocked so that only the last push-

button depressed is held and the other is automatically
released.

j. Power. _
Actuating the POWER pushbutton turns on all power
supplies associated with the lights, relays, and.synchro

indicators of the tracking status panel and tracking
indicator panel.

k. Lamp Test.
Actuating the LAMP TEST pushbutton (non-holding) comnects
the open side of all tracking status panel lights to
ground, energizing all good lamps.

Tracking Indicator Panel (Fig. 4-40). Slaved synchro-
operated indicators on the tracking indicator panel display angular
azimuth and elevation information from the radar, telemetry tracker,
and tri-helix, and range information from the radar. Elevation and
azimuth information from tﬁe radar- and telemetry tracker is display
on dual-channel indicators, one indicator showing radar and tﬁleﬁetry
tracker azimuth, and the other showing radar and telemetry tracker
elevation. The inner indicator (open diamond cursor) is driven by a
signal from the local radar synchro bus. The outer indicator (solid
diamond cursor) is driven by a signal from the telemetry tracker
synchro bus. Tri-helix azimuth and elevation information is displayed
on single-channel indicators. ’

| Other displays, such as BEACON SIGNAL LEVEL,” BEACON POWER,
and the various temperature indicators installed on the tracking
indicator panel, are a part of the vehicle command control console

function which occupies the other half of the master control console.
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Fig. 4~40 Tracking Indicator Panel
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Conmunieetions Panel. The third panel on.the aequioition and
— tracking console is a standard communicotions panel; providing switchea
and a telephone dial which permit the operator at this position to
utilize the intrastation voice communication facilities and the dial
telephone system. See Fig, 7-3. |
4.6.2 Vehicle Command Control Console

See paragraph 2.2.1.

4-67

PHILCO WESTERN DEVELOPMENT LABORATORIES




WDL-TR1394

SECTION 5
TIMING

5.1 General

The timing function provides a time base for all Subsystem H activ-
ties. A ground timing system is used to synchronize activities at .all
stations to i single time reference known as system time (ST). Station
acquisition, tracking, and telemetry data are labeled with system time.
Tracking data correlated with system time and furnished to the central
computer allows prediction of vehicle position as a function of time.
This is used to provide acquisition data to the stations for future
passes and determines the necessity for adjusting the vehicle timer by
command to ensure continued contact. Vehicle functions are also precisely
programmed with respect to system time. The vehicle timer programs
oberaﬁion of the vehicle pulse beacon, the telemetry transmitter, and
recovery capsule ejection. The vehicle timer may be adjusted by ground
command .

5.2 Ground.Timing System

The ground timing system generates, distributes, and displays the
timing signals which synchronize station activities. The ground timing
system consists of dual central timing-units at each site that generate
the basic timing signals, remote timing terminal units that distribute
the timing signals, and remote time indicators that display the timing
signals. Because of the similarity of the station timing systems, only
the VAFB timing system block diagram is used to illustrate equipment
diétribution. See Fig. 5-1. The Subsystem H time base, or system time,
is identified at one-seéond intervals by decimal time displays located -
at appropriate operating and control positions. Four-second intervals
of the system time base are identified by 16-bit digital time words used
to label the tracking data from the tracking devices. Both the decimal
and digital time counts start at system time zero and accumulate until
_they count to maximum. At 24 hours, they reset to zero automatically
and start counting again. The counting cycles of both the depimaliand

digital time counts are identified by a date expressed in Greenwich Civil
Time.
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Each of the dual central timing units is synchronized with a one-.
second signal from radio station WWV. Provision is made at each of the
central timing units to compensate for the differences in propagation
time froﬁ_statiog WWV to- each of the sites. This correction permits
thg central timing units at each of the stations to indicate time with-
in 8 milliseconds of each other. The dual central timing system is
located in the VHF building at VIS (see Fig. 4-5) and Hawaii (see Fig.
4-6); and in the instrumentation van (see Fig. 3-10) at Kodiak, New
Boston,and Pt. Mugu. _ . »

' The dual central timing unit produces timing signals which are
distributed throughout the tracking station. For using equipment and
displays located in the same vicinity the timing signals are routed
directly from the dual timing system via 75-ohm coax. For using equip-
ment and displays in remote locations the composite timins signal'
consisting of a 16-bit binary time code word, 10-pps signal, a 1-pps
signal, and an early l-pp4s frame pulse amplitude modulates a 1l-kc
carrier and is routed via 600-ohm telephone lines to timing terminal
units, (TTU). The l-kc composite signals to the TTU are processed and
cohverted to the timing signal outputs illustrated in Fig. 5-7. Not
all of the outputs available from both ihe dual central timing system'
and the timing terminal unit are used. Only those outputs which are
utilized by the station eqﬁipment are shown in Fig. 5-1.

As shown in Fig. 5-1, at VA?B d-c timing signals from the central
timing system are routed directly to the telemetry tracker digitgl-to-
teletype (D/TT) converter, the Doppler receiver, the plot boards, the
master time display and reset unit in the shift supervisors cdnsole,
and the time of crossing (TOC) and time to reset (TTC) indicators on
the master control console, all in the VHF and control building. The
l-ke composite signal is routed to timing terminal units in the radar
van, data van, the IMSD area, and the block house.
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The timing terminal unit in the radar van produces a l-pps signal
which is routed to the master time display and reset unit to drive the
radar van remote time indicators. The time-code word and 100-pps signals
are applied to the bofesight camera to identify film section. All of
the outputs of the radar van timing terminal unit are available to the
100-channel recorder.

The timing terminal unit in.the data van produces a 1-pps signal
which is routed to the master ttme;diap}ey and reeet unit to drive the
data van remote time indicators. The l-pp4s encoder pulse and the

. campoaite l-pp4s early-frame-marker (EFM) and 16-b1t time-code-word
(TCWD signals are routed to the acquisition programmer and .D/TT converter.
The D/TT converter also receives an additional 1-pp4s EFM pulse by a
separate lige.

The timing signals to the acquisition programmer provide a real-
time reference to synchronize the application of the stored acquisition
program to the radar antenna and range servos, and to the telemetry
tracker and tri-helix antenna servos. The acquisition ptogrem.is labeled
with predicted time information every four seconds. When the real-time
input from the timing terminal unit is identical to the time label on
the acquisition program, conditions exist for the most probable vehicle
ecquisition, as far as time is concerned. The tracking antennas and
‘the radar range gate are pre-positioned for acquisition at the correct
time, - ,

' The timing signals applied to the D/IT converter located in the
data van provide a time label for the radar ﬁrecking data which is
transmitted at 100-wpm to the central computer. In addition, a l-ppis
signal is routed to the Baldwin programmers to proértm the sampling of
'the radar azimuth and elevation data and the gating of the radar azimuth,
elevatiqe, and range data. '

The central timing system in the VHF and control building provides
the composite time-~-code-word, l-ppas early-frame-marker (EFM) pulse, a
1-pp4s encoder pulse, and a separate 1-pp4s EPM pulse to the telemetry
tracker D/IT converter. These timing signals provide a time label for
the telemetry tracker antenna position data which is stored for later
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transmigssion to the central computer, as necessary. The l-pp4s data
encoder signal is routed to the Baldwin programmers to program the
sampling and gating of the telemetry tracker azimuth and elevation
tracking data. |
' The timing signals applied to the Doppler receiver include the
composite time-code-word and early l-pp4s signnl, the 1-pp4s early-ffame,
signal, and the l-pps sighai. The time code-word is read ipto a shift
register and read out serially onto a teIetyée'tape. Sixteen-bit
Doppler frequency data is sampled and stored in a shift register at a
rate determined by the lpp4s signal from the central timing unit. The
l1-pps puise from the central timing uniﬁ detetminea-the time the stored
time and frequency data are read out of their respective shift registers.
They are read out one second after they are stored. The frequency and
time data are then put on 100-wpm teletype and made available to the
central computer, |

Plot board timing marks for the real-time plotting of the vehicle
orbit are provided by the l-pp4s signals from the central timing unit.

One second timing signals are applied to a master time display and
reset unit in the shift supervisor's area to drive the remote time in-
dicators in the plotboard, VHF, and control areas. One-second timing
signals are also routed to the TOC and TTR indicators on the master
control console.

5.2.1 Central Dual Timing Generator

v Each central dual tiﬁing generator (Fig. 5-2, 5-3, and 5-4)
consists of two identical time-base generators installed in two sténdard
racks which are separated by a third rack containing equipment common
to both of these individual timevbase generators., Each time. base gen-
erator is self-sufficienc and is in continuous operation at a11 times,
Output signals are taken from only one time-base generator at a time, but
in case of a malfunction in these units, the signal source can be trans-
ferred to the back-up time-base‘generator. The third rack, which has
equipment common to both generators, contains a wﬁv receiver -and
oscilloscope necessary for making referencing time checks against WWV
(or WWVH). .Also contaiﬁed in this
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third rack is a cenéral power control panel, a telephone line driver
output panel, and a coaxlal line driver output panel.

‘ The ultra-stable oscillator generates a precision l-mc sine
wave which is applied to the pulse rate divider. The pulse rate divider '
‘counts down the l-mc input to produce several output pulses. The divider
chain uses flip-flops connected both as N/2 and N/5 dividers. Pulse
shapers provide the following pulse width coding:

PULSE RATE - PULSE WIDTH

(a) 1000 pps : , 0.5 ms
(b) 100 pps ' 2.0 ms
()  10pps 5.0 ms
(d). A 1 pps ) : 10.0 ms
(e) 1 pp4s (early frame) 50.0 ms
() 1 pp8s (early frame) 50.0 ms

The output pulses may be advanced or retarded at either a
fine rate of l-ms per second or a coarse rate of 50-ms per second in
reference to the basic 1-pps timing signal from WWV or WWVH. The pnlse-
rate divider transmits outputs to the patch panel. ) 1-pp4s‘signa1, a
20-pps signal and two code-forming pulses are applied to the sscumulator
and scanner,

The accumulator and scanner count and store 1-pp4s pulses
in a 16-digit binary register which stores up to 21,599 pulses and then
recycles to zero at a count of 21,600 (24 hours) . At four-second inter-
vals, the pulse count stored in the accumulator is read out serially
at a rate of 20 bits per second by the scanner circuitry. The scanner
produces a pulse-width coded, 16-digit code word in which a binary "1"
1s represented by a pulse 30 wmilliseconds long, and a binary "0" by a
pulse 15 milliseconds long. The time code-word is routed through the
patch panel to the output mixer unit.

The output mixer unit mixes certain signals from the pulse
rate divider and the time code word from the accumulator .and scanner and
converts the individual and mixed signals into forms suitable for transg-

mission over 600-ohm telephone line and 75-ohm coaxial cable.
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PHILCO L WESTERN DEVELOPMEIT e .




WDL-TR1394

All signal inputs to the output-mixer unit,:with the exception
of the 1¥kc sine wave, are accessible at the input patch pane;m'.rhesé
signals may be: (1) 1ndividuq11y Patched to coaxial 1ine drives, (2)
patchéd into mixer inputs, and from mixer outputs to coaxial-line drivers,
(3) individually patched to tone generators, and from tone generator
outputs to balanced line drivers, or (4) -patched to mixer inputs, and
from mixer output through tone 8enerators to balanced line drivers,

The l1-k¢ tone generator ig amplitude wodulated by the 16-bit
time code word, the l-pp4s early frame.pulsc,'and‘:he l-pps .and 10-pps
pulses. The resulting amplitu¢e modulated 1-kc carrier is applied to
line drivers and routed to timing'terminal units over 600-ohm telephone
lines. The amplitude modulated 1-kc carrier is transmitted over tele-..
phone lines more efficiently than the digital pulses because the narrow
bandpags characteristics of the telephone lines tend to deteriorate the

digital pulges. Coaxial-cable drivers amplify the time code word for

 direct application to coaxial cable for short run distribution.

| The_WWV standard frequency comparator compares a Precigely

delayed.1-pps pulse rate from the pulsge rate divider with the l-gecond
'aignals transmitted by WWV. The Precision delay introduced on the 1-ppg
vpulie Tate compensates for Propagation time from WWV to the tracking
station. The WWV signal is uged as a reference in adjusting the output
of thé ultrastable oscillator and the pulse rate divider. The oscil-
loscope is used to compare the l-sewmnd timing signal from WWV with the
délnyed 1-pps signal generated by the pulse rate divider,

The master control unit contains switches for (1) trans-
ferring output signal lines and synch trigger outputs between system A
and B, (2) controlling the @ccumulator and scanner units, (3) advancing
or retarding pulse rates in the pulse rate divider units, and (4) switching
balanced-line outputs to an output-level metei.

5.2.2 Iiming Terminal Unit _

' The timing terminal unit (Figs. 5-5 and 5-6) converts the
amplitude modulated 1-ke composite signal obtained from the dual timing
system to output pulse signals of l-pps, 10-pps, 100-pps, 1000-pps, an
early lpp4s frame marker pulge and g 1-ppé4s frame marker Pulse (Fig. 5-7).
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The amplitude modulated l-kc'input is applied to an automatic
gain control circuit which compensates for input sighal level variations
befween +5 .dbm and -8 'dbm. .The inbutAuignal then.;a-demodulated to repro-
duce the two-level d-c composite code which modulates the 1-ke carrier at
the central timing equipment. ‘ _ -

' " The l;kc composite input s;gnal is also applied to h-lOOO-pps
generator where it is élipged to remove modulation, then filtered, The .
reiulting l-kc sine wave is shaped to form 1000-pps -pulses. . The 1000-pps
signal. is applied tq a pulselrite divider, which divides the.l-ke cignal
to produce the lowerfpulne rate outputs. Each of the two-level d-c out-
put signals is available lf-two {ndependent output driver circuits.. The
timing terminal unit also lmplifiei the modulatcd'i-ke composite input
signal for further distribution over 75-ohm coaxial cables from two
independent outputs. " ' : '

3.2.3 Digital Ttme-Disglaz Unit

The ttmé display units. (Pigs. 5-8 and 5-9) display system
time, estimated time.to‘acquisition, and estimated time to track in )
decimal units at key areas within the tracking station. The time dis-
Plays consist of master time display and reset uhits and remote time
indicators which are slaved to the master time display and reset.units.
The master time display and reset unit may be driven by a 1-pps pulse
from the timing terminal units or by a 1-pps pulse from the dual central
timing unit.

The master time display and reset units nccuﬁulate l-pps
signais from the timing terminal units and display the'accumulated time,
The time displays are located locally on the master time display and
_reset units themselves and remotely on conveniently located wall displays.

The system time display indicates elapsed seconds since
system time zero and courits up to a maximum 86,400 seconds or 24 hours,
It then resets to zero and resumes counting. System time zero is 0000
Greenwich Civil Time. Time correlation tables (fig. 5-10) are provided
to.allow conversion of Greenwich Civil Time or Eastern Standard Time as
transmitted by WWV to system time and vice versa. The system time display
may be preset to any time interval by manually setting in a time using'
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ur EST System Time (Binery) System Time
hrs mins hrs ming secs secs
- (Reversed Format) o
0 00 19 00 000000
0 05 19 05 1101001.000000000 000300
010 19 10 01.10100100000000 000600
015, . 1915 100001:1100000000 000900
020 19 20 001.1010010000000 001200
025 19 25 11101110, 001500
0 30 19 30 '0300001.1.10000000 001800
0 Eg 19 35 1011000001000000 002100
0 19 0001101001.000000 002400
(R 19 45 1100010101000000 002700
0 50 19 50 0111011.101000000 003000
055 19 55 1001130011.000000 003300
100 20 00 0010000111000000 003600
105 20 05 . 111100 003900
110 20 10 0101.100000100000 004200
115 2 15 1010011000 004500
120 20 20 00001101002 0olt800
125 20 25 1101111100100000 005100
130 20 30 0110001.01.0100000 005400
1 E?) 20 z(s) 1000100110100000 005700
1 20 00111011.10100000
1hs 20 bs 1110010001100000 006300
150 20 50 0100111.001100000
155 20 55 1011110101100000 006900
2 00 21 00 0001000011.100000 007200
2 05 21 05 1100101011100000 007500
210 21 10 0111100111100000 007800
215 21 15 1001011111100000 008100
220 21 20 '0010110000010000. 008400
225 21 25 10000 . 008700
230 21 30 0101001.100010000 009000
235 21 35 1010100010020000 009300
2 ho 21 ho 0000011010010000
2hs 21 45 1101010110010000 009900
250 21 50 0110111110010000 010200
255 21 55 1000001001010000 010500
- 300 22 00 0011000101010000 010800
305 22 05 1110101101010000 011100
3 10 22 10 0100010011010000 011400
315 22 15 1011011011010000 - 011700
320 22 0001110111010000 012000
325 2225 11000000001.1.0000 012300
3 30 22 30 01110010002.10000 012600
3 Eg S22 Eg 10011001001.10000 012900
3 22 b 00100111001 10000 1013200
345 22 is 1111010010110000 013500
350 22 50 0101111010110000 013800
355 2 55 10100011101.10000 . 014100

Fig. 5-10 Time Correlation Table
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ur EST
hrs mins hrs mins
b 00 23 00 -
bos 2505
h 10 23 10
b 15 23 15
& 20 23 20
k25 2325
i3 83
ABo 2309
his  23b5
bso 2350
55 2355
5 00. 0 00
5 05 0 05
510 010
515 015
5 20 020
5 25 025
;30 ,330
533 033
5 b5 ohs5
5 50 0 50
. 555 0 55
6 00 100
6 05 105
610 110
615 115
6 20 120
625 125
i3 i3
§h 1%
6 ks 1h5
6 50 150
6 55 155
7 00 2 00
705 205
7110 210
715 215
7 20 220
7125 225
12 i3
T 2
7585 2 ks
750 25
755 25
F

WDL-TR1394

System Time (Binary) Gystem Time

: gecs

" (Reversed Format)

1101101001110000
0110010101110000
10001.1.1101110000
0011110011110000

1110000111110000

0100101111110000
1011100000001000
0001011000001000

1100110100001000

0111111100001000
1001001010001000

0010100110001000
1111101110001000
0101010001001000
1010111001001000
0000001101001000
1101000011001000
0110101011001000
1000010111001000
0011011111001000
1110110000101000
01000001002.01000
1011001100101000

0001100010101000
1100011010101000
0111010110101000

1001111110101000

0010001001101000
1111000101101000
0101101101101000
1010010011101000
0000111011101000
1101110111101000
011.0000000011000

1000101000011000.

001.1100100011000
1110011100011000
0100110010011000

' Qoo
014700
015000
015300
015600
015900
016200
016500
016800
017100
017400

017700

018000

ig. 5-10 Time Correlation Table (Cont.)
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ur EST
hrs mins hrs mins b pecs secs
(mwmmmmm) .
8 00 3 00 0000010000111060 026800
8 05 305 1101011000111000 029100
8 10 310 0110110100111000 029400
815 315 100000001011.1000 029700
8 20 3 20 00110010101.11000 030000
825 325 1110100110111000 030300
8 30 3 3% 0100011110111000 030600
Bg 33 1011010003 111000 030900
8 3 0001111007111000 031200
845 3 45 1100001101111000 031500
8 50 350 0121000011.111000 031800
8 55 355 1001101011111000 032100
9 00 & 00 0010010111111000 032400
9 05 b o5 1111011111111000 032700
910 k10 0101110000000100 033000
915 4 15 1010000100000100 033300
'9 20 b 20 0000101100000100 033600
925 &g 1101100010000100 03
9 30 & 3 012.0011010000100 0
9 35 b 35 1000110110000100 034500
9 [} 0011111110000100 034800
94s b 45 1110001001000100 035100
9 50 b 50 0100100101000100 035400
9 55 b 55 1011101101000100 035700
10 00 5 00 0001010011000100 036000
10 05 5 05 1100111011000100 036300
10 10 5 10 0111110111000100 036600
10 15 515 10010000001.00100 036900
10 20 5 20 0010101000100100 037200
10 25 5 25 00200100100 037500
10 30 5 30 0102011100100100 037800
Joa 5 35 1010110010100100 038100
10 5 ho- 00000001.10100100 038400
10 45 5 &s 1101001110100100 038700
10 so 5 50 0110100001100100 039000
10 55 5 55 1000011001100100 039300

0011010101100100 039600
1110111101100100 &£$>
0100001011100100

1011000111100100 040500 -
0001101111100100 040800
1100010000010100 041100
0111011000010100 041400
1001110100010100 . ol1700
0010000020010100 ol2000
1111001010010100 042300
0101100110010100 042600
1010011110010100 042900

Fig. 3~10 Time Correlation Table (Cont.)

AT Y Y- - N A
VS EUNRBEESS

EFEEEEEEREEEE
BEENBRBEESS

J

5-19

ESTERN DEVELOPMENT LABORATORIES

. P H l L C o wGOV!RN“!NT & INDUSTRIAL GROUP




WDL-TR1394

_ Systom Time (Binary) System Time
ns hrs mins k seen secs
(Reversed Format) :

g8
5
g

12 00 7 00 0000110001010100 043200
12 05 7 05 1101111001010100 ol4+3500
1210 7 10 0110001101010100 ol
1215 715 100010001.1010100 04100
12 20 720 0011101011030200 olishoo
12 25 725 1110010111010100 - " o4bs700
12 30 7 30 0100111111030100 - 045000
12 35 7 Rg 10121100001103.00 ol5300
12 bo. 7T 0001000100110100 oh5600
12 b5 T 45 11001012001.10200 oh5900
12 50 T 50 0111100010110100 ol6200
12 55 T 5% 1001011010110100 0l6500
13 00 8 00 00101101101.10100 046800
13 05 8 05 1111111110110100 047100
13 10 8 10 0101001001110100 047400
13 15 8 15 ©1010100101110100 - O47700 -
13 20 8 20 000003.1101110100 048000
13 25 825 1101010011110100 048300
13 30 8 3 0l10111011110100 048600
13 zg + 835 1000001111110100 048900
13 8 0011000000001100 049200
13 ks 8 s 1110101000001100 049500
. 13 50 8 50 0100010100001100 09800
355 8 55 1011011100001100 050100
i 00 9 00 0001110010001100 050400
% 05 9 05 1100000110001100 050700
ik 10 9 10 0111001130001100 051000
ik 15 915 1001.100001001100 051300
1 20 9 20 0010011001001100 051600
25 925 1111010101001100 051900
i 30 9 30 0101111101001100 052200
4 35 9 35 1010001011001100 . 052500
M ko 9 ko 0000100111001100 052800
W 4s 9 b5 110110111.1002100 053100
i 50 9 S0 0110010000101.100 053400
% 55 9 55 10001.1.1000101.100 053700
.15 00 10 00 0011110100101100 0sko00
15 05 10 05 1110000010101100 054300
1510 1010 0100101020101100 0545600
15 15 10 15 1011100110101100 054900
15 20° 10 20 0001011110101100 055200
15 25 10 25 1100110001101.100 055500
15 30 10 30 0111111001101100 055800
15 35 10 35 1001001101101100 056100
15 ho 10 ko 0010100011001100 - 056400
15 45 10 b5 1111101011101100° 056700
15 50 10 50 0101010111101100 057000
1555 - 1055 1010111111101100 057300

Fig.‘:s-lo Time Correlation Table (Cont.)
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g

System Time (Binery) System Time .
b secs secs
(Reversed Formt)
0000001000011.100 057600
1101000100011.100 057900
0110101100011.100 058200
100001001001.1100 0568500
0011011.010011100 058800
1110110110011100 059100
01C0000001011100 059400
1011001001011200 059700
0001100101011100 060000
1100011101011100 060300
0111010011011100 060600
1001111011011100 060900

0010001111011100 061200 .
1111000000111100 061500
0102.201000111100 061800
1010010100111100 062100
00001.11100111100 062400
1101110010111100 062700
* 0120000110111100 063000 -
1000101110111100 063300
001.11.000011.1.1100 063600
1110011001111100 gag
0100110101111100
1011111101111300 064500

15
£

RBGER8 VEEEUBEBLESS
SEEEEES BREEBEKRRBRE EEEEEEEEEREE §

HER5HE588E RRERRARRRRRE
A8

L]
&
BHERBURBLER8 NBHFEVBEBEEES E

L]
v
v
\
o

18 00 00 0001001011111100 064800
18 05 05 1100100111111100 065100
18 10 10 0111101111111100 065400
18 15 15 1001010000000010 065700
18 20 20 00101.2200000001.0 066000
18 25 25 1111110100000010 066300
18 30 30 0101000010000010 066600
18 35 13 35 1010101010000010 = 066900
18 13 ho 00000101.20000010 067200
18 &s 13 bs 1101011110000010 067500
18 50 13 50 0110110001000010 067600
18 55 13 55 1000000101000010 068100
19 00 1% o0 0011001101000010 068400
19 05 14 05 111010001.1400010 068700
19 10 1k 10 0100011011000010 069000
19 15 % 15 1011010111000010 - 069300
19 20 % 20 0001111111000010 069600
19 25 25 11000020001.00010 069900
19 30 % 30 0111000100100010 070200
Jsﬁ 1k 35 1001101100100010 070500
19 b1 0010010010100010 070800
- 19 b5 ik b5 1111011010100010 071100
19 50 1 50 0101110110100010 071h00
19 55 1 55 1010000001100010 071700

Fig. 5-10 Time Correlation Table (Cogt.)
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ur EST
hrs ming hrs mins
20 00 15 0o
20 05 15 05
20 20 15 10
20 15 15 15
20 20 15 20
20 25 15 25
éagzm _Jlgso
ok 22
20 b5 15 b5
- 20 50 15 so0
20 55 155
21 00 16 00
205 1605
21 10 16 10
21 15 16 15
21 20 16 20
21 25 16 25
. 21 30 411250
21
a2k 1D
21 45 16 &5
21 50 16 50
A5 1655
22 00 17 00
2 05 17 05
2 10 17 10
22 15 17 15
22 20 17 20
225 17 25
30 1730
B I8
17
45 17 b5
50 17 50
55 17 55
200 . 18 00
23 05 18 o5
23 10 18 10
2315 18 15
.25 20 18 20
25 1825
gso ,igso
Bh Bl
23h5 21845
23 50 18 s0
23 55 18 55

WDL-TR1394

Eysten Time (Binary) System Time

L secs
600010100 t)
110110010%}288%3
0120011101100010
1000110011100010
0011111011100010

0010101110010010

1010010
0101011002010010
1010110161010010
000000001.1020010
1101001011010010
0110100111010010
1000011111010010
0011010000110010
1110111000110010
0100001100110010
1011000010110010

11101100001010
1110010010001010
0200111010001010
1011110110001010

~ - 0001000001001010

1100101001001010
0111100101001030
1001011101001010 -
0010110011001010
1111111011001010
0101001111001010
1010100000101010

085500

Fig. 5-10 Time Correlation Table (Cont.)
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the preset controls. Once preset, the display may be started by pressing
the START button. If _necessary, the display may be synchronized after
starting with the refe;ence source by pressing momentary contact ADVANCE
or RETARD buttons which advance or retard the last digit of the display
in one-gecond steps.

The estimated time to acquisition (ETA) display indicates
the caluclated time remaining before the next anticipated vehicle acqui-
sition. ETA is computed at each site by the shift supervisor. . It is
expressed in hours, ainutes, and second. The ETA display counts down
to zero frpm a manually preset time. The central computer supplies the
predicted time that the vehicle will come into acquisition range. This
information is included in the scquisition message transmitted to each
site via the 60-wpm teletype system. The ETA displays are manually pre- -
set to the computed ETA by adjusting six preset controls. At the system
time specified iﬁ the acquisition message, the ETA display is started by
pressing a START button. The ETA display counts backwards from a
maximum of 99 hours, 59 minutes, and 59 seconds to zero and stops auto-
matically. When ETA equals O, the estimated time to track (ETT) dis-
play is started automatically.

The ETT display indicates the calculated time available to
track the vehicle starting from. ETA equdls:zero. ETT is computed at’
each site by the shift supervisor. The central computer supplies the
time of beginning and ending track from which ETT is computed., ETT is
expressed in minutes and seconds, with a maximum display of 99 minutes
and 59 seconds. The ETT display counts down to zero from a manually
preset value. When ETT equals 0, the vehicle should be approximately
out of range of the tracking equipment.

3.2.4 General Specifications

Dual Timing System

a. Input power requirements
115 V a-c + 10 per cent, 60 + 3 cps, 10, 29 amperes

b. Input signals ‘
Two-level, negative d-c signals with amplitude of 1 volt
+ 10 per cent peak-to-peak into 75 ohms. Twelve outputs.
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One kilocycle signal, amplitude modulated at a ratfo of

1:4; output level adjustable from 0 to 10 dhm'}nto'GOO
ohms. Output balanced to ground. . Twelve outpiits, '

¢. Composition of output signals I
The following signals, available either individually or
compatibly mixed; - .

1. Code word - 16-d131t,.pulse-width-céded, 20 bits per
second, presented at 4-second intervals. Binary "m»
18 30 msec wide; binary "0" 1s 15 msec wide. First
bit begins 50 msec after zero time.

2. 1 pp8s early - pulse width 50 msec, ﬁeginning 50
-+ msec.prior to gzero time. - . St

3. 1 pp4s early - pulse width 50 ﬁsgc, beginning 50
- wsec prior to zero time, 4 _—

4. 1 pps gated - pulge width 10 msec, gated out for
. one-geéond period~following zero time.

5. 10 pps gated - pulse width 5 usec, gated out for
one-gecond. period following zero time,

6. 100 PP8 gated - pulse width 2 msec, gated out for
one-gsecond period following zero time. - S

7. - 1000 pps gated - pulse width 500 usec, gated out -
for one-gecond period following zero time,

8. 1 pps - pulse width 10 mgec.

9. 10 pps - pulag width 5 mgec.

10. 100 pps - Pulse width 2 mgec.
11. 1000 pps - pulse width 500 usec.

12. Outputs to timing terminal units consist of: l<ke
sine wvave, amplitude modulated by mixed code word,
l-ppés early, l-pps gated, and 10-pps gated. Four
outputs, )

d. Basic accuracy
Better than one part in 108 per day.

e. Resqlution
1 msec

f. Environmental specifications

1. Ambient ¢t erature
~20°C to 54°C (-4%F to +130°F).

2. Humidity
- 95 per cent up to temperature of +54°¢ (+130°F).
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Ultra-Stable Oscillatoxr. The ultra-stable oscillator is a

l-mc crystal-controlled signal source designed to provide highly stable

reference frequency. Its specifications are as follows:

Frequehcy
1 mc nowminal; accurately adjustable over a range of
+ 0.5 cps.

Frequency stability 9
Drift rate less 1 part in 10° per day.

Sine~-wave output
2.5 volts rms minimum open circuit; output impedance
approximately 250 ohms.

Pulse output
Approximately l-volt peak

Power requirements
+ 150 volts d-c regulated at: 100 ma max, during warm-
up; 60 ma normal

6.3 volts a-c or d-c at 3 amp.

Weight
Approximately 30 pounds

Mounting
Standard RETMA rack panels 7 x 19 inches

Recommended operating temperature limits
0° to 50° centigrade

Timing Terminal Unit.

PHILCO

Input power requirements A
1. 115 v ac + 10 per cent, 60 + 3 cps, 1¢, 1 ampere
2. -200 v dc + 1 per cent, 580 millismperes

Input signal
One-kilocycle sine wave, amplitude modulated at a ratio
of 1:4 by time-code pulses from central equipment of the

. dual timing system. Input levels from +5 dbm to -8 dbm

(peak level).
Output signals

1. Amplified input signal, gain adjustable. Output
level 2 v peak-to-peak into 75 ohms. Two outputs.

2. Seven two-level d-c negative pulse outputs. All
pulseg from 0 V d-c to -1 V d-c into 75 ohms, rise -
time (with exception of composite code) 10 usec.
Outputs as follows:
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(a) Early frame marker - 50 msec wide, leading edge
' at zero time; marking beginning of 4-gecond (or
8-second) scanning interval. Two outputs.

(b) Composite dee - reconstructed wodulation en-
velope of input signal less 1-pps and’ 10-pps
markers. Rige time 100 Hsec. Two outputs,

(c) 1000 pps - 500 usec wide. Two outputs,
(d) 100 pps - Z'ﬁsec.wide. Two outputn,
(¢) 10 pps - 5 msec wide. Two outputs.
(f) 1 pps - 10 msec wide. Two outputs.

(8) 1 pp4s encode - 1-Pp4s pulse, 85 usec wide.
- Two outputs,

d. Power Supply

1. Input power requirements ‘ ‘ '
115 v ac + 10 per cent, 60 + 3 cps, 14, 5 amperes,

"~ 2. Output voltage
. =200 v dc, regulateq, 1 ampere

Digital Time.Disglax.

a. Power reﬁui;ements
115 volts * 10 per cent, 60 cps, single phase ac, 300
watts maximm, :

b. Accuracy S
Cumulative error in counting input pulges of not more
than 1 part in 20,000 nor: in excess of 4 seconds in 24
hours, :

3.2.5 Countdown Timing System
; A countdown Fiming'system is located at VAFB (see Fig. 5-1)
- to provide timing control information and display indication of minutes
aﬁd,secdnds remaining before To. The countdown timing system ig designed
to allow remote starting, stopping, and resetting of all remote slave
countdown indicators throughout the system complex as dictated by the
progress of the countdown. The system has a total timing capacity for
control and indication of 999 minutes and 59 seconds before To and 10
ﬁinutes‘aud 00 secoqu.after To.
The . countdown clock, located in the blockhouue, generates

and supplies time to the countdown transmitter and local countdown indi.
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are required to represent each numeral in thg'display and one to repre-
sent the + or - sign, making a total of 36. Presence signal is repre-
sented by 28 volts d-c on the line; absence by 0 voits. The pérallel
-inputs to the countdowm transmitter are converted to a digital time code
word and read out serlally té awplitcude wodulate a 2-ke carrier. Thiﬁ
modulated carrier is sent over telephone lines to a remote countdown
receiver. The receiver takes the serial digital information and converts
it so it is read out as 36 d-c voltages which are applied to a countdown
indicito: that displays countdowp time. .

The countdown clock installed in the VAFB blockhouse would
ha#e to be relocated to the Pbint Afguello blockhouse at the start of
utilization of the Arguello launch complex for the Discoverer operations.

5.2,6 Ground Timing System Performance y
The ground timing system ﬁas adequately met Subsystem H
ground timing requirements with but minor changes to the original 3 day,
49 minutes and 4 second: period, The 24 hour recycle period has the '
following advantages:
B a. It is compatible with the SAMOS Program.

b. Only one system time correlation table need by prepared.
The original tables needed continuous updating.

c. System operation is simplified.j

d. Use of data by opera:oré is simplified in handling and
. Filing.

Other modifications (RP-04 and RP-06) reduced the suscepti-
bility of the timing terminal units to telephone line noise and provided
filters to the timing terminal unit and digital display unit power supply
inputs to suppress interference,

.Opeintionql experience has confirmed the adequancy of the
4-second time interval for the Prime requirement of vehicle orbit pre-
diction. More frequent sampling would be desirable to provide tracking
data on tumbling vehicles, during short time periods such as the initial
recovery phase, and in tracking analysis efforts. In the case of a tumb-
ling vehicle, the capability of sawpling during Verlort "lock-on" wbuld
be desirable.,
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The wide range and multiplicity of outputs. available .to..the
ground timing systém has been useful .in meeting additional timing re-
quirements as they arose. If neceaqaré,-additﬁoﬁal line drivers can be
added when the demand exceeds the original equipment capability. . Also,
1£f necessary to meet future requirements, the basic time intétval count

' may be changed to eight seconds and the binary code word extended to.

19 digits, making it possible to extend the total time intetval count.
of-the~system-t0'524,288 over a period of 48 days, 12 hours, 5 minutes,
and 4 seconds, .

The accu;_ndy with which the ‘WWY correlation of.the ground
timing system can be maintained is dependent dbon two factors:.. (a)
timing gonerator.;aﬁability;;y= and (b) tihe refdrencing accuracy. . The
indicated system time.will be in error with respeot to the WWV standard ..
by the error introduced ' by the referencing process and'by'thﬁ accumulated
gen'a‘rator‘error caused by inherent inat:lbil:lties or inaccurancies, The
.accumulated error is normally small éompared to the expected referencing
error, , . .

The ground timing system specifications require the basic
accuracy of the timing generator to be within 1 part in 108. This would
allow a total timing generator error accumulated during a 24-hour period

_ ofﬂtp.§64’milliseconda; The error introduced into the referencing process

i is the result of propagation effects. The time of propagation of a radio
sigpal from WWV to a tracking station varies 1n accordance with the path
the signal assumes between the earth and the 1ononpheie. This is estimated
to vary from 6 to 8 miliiseconds-per thousand miles. including the accu-
mulated 24 hour timing'generntor error, correlation with WWV of a west
coast . trackim station 3000 miles distant is estimated to fail within the
liﬁits of + 4 milliseconds. This allows a possible deviation in system
time between two tracking stations of from 0 to8 milli@gconds. At.the
extreme, this represents 200 feet of vehicle travel, which ig not con-
sidered significant. Propagation delays between wwv.uwwvh, and the
trac&ihg stations are listed in Table 5-1. These are based upon a
nominal ptopagation delay of 7 millisecondsbéer thousand mileg, which

considers ionospheric refleptions.
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TABLE 5-1
NOMINAL WWV AND WWVH PROPAGATION DELAYS

NOMINAL PROPAGATION DELAY
SITE From WWV From WWVH
Vandenberg 16.7 ms 16.6 mé
Point Mugu 16.3 ms 17.1 ms |
~ Kodiak 24.2 ms 17.8 ms
Hawaii ————- . 1.0 ms
New Boston ‘ 2.8 LT
T/M Ship 16.2 ms 20.5 ms

5-29




SECRET WDL-TR1394

5.3 Orbital Programmer (Vehicle Timer)

The information that follows is based on data applicable to recent
configurations, However, the functions of the orbital programmer are
subject to change as dictated by the procedures utilized for a8 particular
operation. .

Orbit operations are programmed primarily by the orbital programmer,
This programmer operates from a prepunched tape program to turn on the
radar beacon transponder and telemetry transmitting equipmen; within
possible reception r;nge of tracking stations and to turn this equipment
off at other times to conserve battery power. The orbital programmer
also controls payload functions and the enabling ahd disabling of the
tape reset mechanism 88 programmed. Midway in the recovery pass, the
orbital programmer restarts the S8/D timer, which was turned off at the
end of.the launch phase. The 88/D timer then controls vehicle reorienta-

" tion opergtions; nose capsule éeparation, and initiation of the capsule
re-entry operations.

The orbital pProgrammer is adjustable by ground commands transmitted
via the S-band radar 1link during flight. Commands dictate the number
and direction of discrete step éhanges in programmer cyclic rate to
match the programmef period to the Digcoverer Satellite orbit period.

A reset command is also used to shift the tape program instantaneously
to preselected and Programmed reset index points corregponding to specified
reset latitudes. '

The heart of the timer is a 35mm mylar tape driven past & row of
13 electrical contact brushes at a controlled linear rate of movement .
Perforations spaced in the tape make electrical contacts which position
relays according to a planned program of events. Twelve of the contact
brush circuits position six relays either up or down. The thirteenth
contact is used only to provide alternate re-entry sequence initiation
if the alternate re-entry circuit has been selected. The minimum on-or-
off duration for one function is 30 seconds withba positioning accﬁracy
of + 10 seconds.

This document contains information afiscting the national defense of the United States within the g of the Espi Laws, Title 18,
U. 8.C.. Sections 703 and 704, mmmummehﬁoudhmmhhmmmmnnnmthorbedpermism_duihik«lhylnw.
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A synchronous motor drivet the program tape sprocket drum through
suitable reduction. gears. Motor speed, and hence tape linear speed, is
controlled as a function of the variable frequency output of a tuneable
oscillator. The oscillator is tuned by positioning two 10-position
(decade) stepping switches which connect graded resistors into the
oscillator circuitry. The second stepping switch moves .one step for
each revolution (10 steps) of the first stepping switch, thus providing
99 steps. Each step varies the programmer cycle period by .1l seconds
with the total period adjustable from 90 to 108. 15 oinutes. With the
orbital programmer cyclic period set to match the satellite orbit period
the tape will travel exactly 4.5 inches during each complete orbit.

The position of the increnae/decrease switch and the period setting
in the programmer are transmitted to the ground station via telemetry.
The increase position indicates that step commands will increase the
period setting. The existing period setting in the orbital programmer
is telemetered both as a function of the position of the two stepping
switches and as a function of tﬁe input frequency to the synchronous
motor driving the tspe. The stepping switch positions are displayed
in nixie lights on the command console from which the perfod setting can
be determined in units of seconda or minutes and seconds, by using a
conversion table. The programmer getting at launch represents the
nominal orbital period.

A definite relation-hip between program tape poiition and terrestrial
latitude is required for proéer spacing of readout periods and initiation
of the recovery sequence. Correction of tape misalignment is provided by
a reset function. Tape index points are predetermined for selecced reset
latitudes. An indexing disc is clutched into the gear train at reset
enable, 16 degrees latitude (apptoximntely four minutes) lhead of the
index point on the tape, and remains clutched in until reset disable.
Transmission of Command 3 (Relet) at any time while the disc is clutched -
in, will rotate the disc to its index position and, through the gear
train, will position the tape to its index position for the specified
latitude. Upon release ofthe clutch at reset disable, the disc is spring-
loaded back to 1ts initial position, four minutes before its index point,
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and is ready to be enabled for another reget point. Reset commands are
given only at the specified latitudes unless large orbital programmer
deviatiom make it necessary to give a reset at a different latitude,
to move the tape closer to the cofrect relationship before giving
another reset command at the proper latitude. '

A reget monitor signal is given by a cam and microswitch arrange-
ment on the indexing disc. Initiation and termination of the reset
monitor. signal mark specific points in the .orbital programmer .cycle
which can be.compared from orbit to orbit as a check on ‘pProgrammer
period setting. The reset monitor signal is presented as a light on
the command console panel. S

In general the orbital programmer tape wiil be punched to provide
readout whenever the vehicle is within reception range of any of the
tracking stations dur'ing & certain number of orbits. The pProgrammer

~ provides control of beacon and telemetry plate voltage turn-on and turn-
off, reset enabling afu_l disabling, lbcation of the resget point, and
duration of the reget monitor signal as a function of the terrestrial
latitude and orbital pass number. This sequence will be adhered to if
the orbital programmer period is set to match the orbit period and the
programmer ,r.elationshib to the terrestrial latitude is maintained by
reset commands. ’

A forward and a reversge high speed capability feature was técently
added to the orbital programmer in addition to the adjustable normal
speed. Should the actual orbit period differ from the predicted nominal
orbit period, on which the programmed events are based, the pProgrammer
cycles may Be either ékipped oxr repeated., If the prégrmer receives
a8 SKIP command, the Programmer motor will engage the high speed clutch
after equipment turnoff and the tape will advance 21/20 programmer passes
(4.725 in,ches» of tape) at 20 times the normal speed. If the programmer
receives a REPEAT command, the programmer motor will engage the reversge
high speed clutch after equipment turnoff and the tape will reverse
19/20 progfémer passes '(4.275 inches of tape) at 20 times the normal
speed. The electrical contact brushes will be 1ifted during the actual
SKIP or RBPBAT operation and no programmed events will be .‘eff.ective.
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In o&der to identify the programmer tape pass ﬁumber, 4 systematic
30-second reset monitor signal interruption will be programmed to occur
at varying times after the reset point. This progremmer pass identifi-

~ cation will be the only means of verifying a previous SKIP or REPEAT
operation.

The re-entry phase is initiated by the orbital programmer by turning
on the S§/D timer during the selected recovery pass. Alternate and
emergency re-entry sequences can also be initiated as dicrated by conditions.
These sequences may be initiated by the transmission of Command 5 in
accordunce with procedures eastablished in the applicable System Test
Directive (sTD).
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'SECTION 6
COMPUTATION

6.1 General Description

The central computer for the Discoverer program is the Remington
Rand 1103AP computer (1103A compﬁter modified for floating decimal- point)
located at Lockheed Mi:sileh Space Division, Palo Alto, California, .
Basically, the computer facility serves .ta predict and calculate

ephemerides for acquisition, training puposes, and control of certain

satellite functions. More specifically the applications of the computer

functions include the following:

b,

c.

h.
i,

PHILCO

Simulation of flight and orbital conditions for orientation and
training of tracking station persomnel prior to actual:
Discoverer launches

- Simulation of tracking operations by automatic control of the
..-tracking radar with computer-generated nominal flight condition

data

Prediction of nominal satellite acquisition data for each
tracking station prior to launch

. Prediction of nominal ephemeris (almanac of tracking events)

data from nominal conditions for planning, test, and tracking
operations S '

8imulation of a nominal launch sequence from observed time-of-
event data to produce supplemental nominal ascent conditions
for use as "best guess" predictions in the event of tracking
equipment failures. . o

Repeated recomputation of orbits and ephemeris data from
tracking station input to provide better orbit determination
and retrorocket timer setting information and to update acquisition

and control messages for the tracking stations.

Determination of tracking station accuracies and the assignment
of statdstical weight values to input data from the various

" tracking input sources.

Dgterﬁination of corrections required to ddjust orbital paramétera

Calculation of best retrorocket ignition time for prediction of
re-entry. phase ‘

Prediction of actual inpact time and location on the basis of
retrorocket ignition time

Presentation of data is usable forms for tracking or recovery.

- 6-1
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Figure 6-1 15 a floy diagram of the computer,

- INPUT © ' PROCESSING .OUTPUT
SUPERVISORY . - FLEXOR .
CONTROL PANEL [ . A RITER

| CONTROL -
'PAPER TAPE PAPER. TAPE
| T ——— | |
lecnmcxkbs_‘f-ﬁ. » PUNCHED c:uu:sJ
{ MAGNETIC 'r)\rz",

Figure 6-1 1103-Ap Automatic Digital 00nputer System

The inputs and outputc to the computer remain elaentillly intact even

though the internal computer programs undergo change and

For example, the orbital equations (point by point integration. -‘type)

will always be aupplicd with tx, vy, z, %, y, and £ as the input and

will always make their output in the same
. desired.

6.2 Input Unit

The iﬁput unit tranglates data into
Processing in the computer, and
computing system.

augmentation,

the code and format auitable for
ejects it for manipulation by the

~ The following inputs are utilized°

Pager Tape Inggts.

a. Verlort radar data
b. R-1162 tracking data
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€. Space track radar data

d. Doppler frequency data

Card Inoputs: | .

a. Time-of-event cards - launch, final burnout, etc.
b, Time to fire - recovery phase

¢. - Selected data points - a gecond order input of position and
velocity vector data T :

d. Nominal injection - preflight predictions
e. Run number - first six numbers of a card-bookkeeping operation
£. SS/H timer commands _
* 8. . Vehicle parameters - preflight insertion - engine thrust, ete.
In addition, the storage unit in the computer contains the followihg
input items available as needed: a gravity model, an acmobpherie.model,

an earth ﬁodel, vehicle paraﬁeters, and provisions for storage or previous
" predictions. '

6.2.1 Launch Information
Launch informhtion‘essebtial for orbital computation is
transmitted to tﬁe central computer via 60-wpm teletype. This information
.includes: (1) time of launch, (2) explosive bolt firing, (3) Agena engine
ignition, and (4) Agena engine burnout. '
6.2,2 Calibration Data :
Boresight data areAinclu&ed as part of the tracking tape
transmitted via the 100.wpm teletype. The boresight data may be used
to insert a correction in the tracking data if required,
6.2.3 Tracking Data '
Verlort Radar. The prime tracking data input source is the
Verlort radar equipment. The range, azimuth, and elevation of the vehicle
as measured by the radar are expressed as digitally encoded shaft
positions. The position.of<these three shafts is sampled at 4-second
intervals, as synchronized by the ground timing.systgm, and converted
to binary code form. The three binary code words representing range,
azimuth, and elevation, and a 16-bit binary code word representing the
time at the instant of sampling are then punched on teletype tape and

WESTERN DEVELOPMENT LABORATORIES
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transmitted to the cohputer;' The header format for all 100-wpm teletype
data inputs to the central cqnputoi is shownkin Pig. 6~2, and the
Vetlort teletypevfotmat is given in riﬁ. 6-3. The computer receives the
position of the vehié{g'in_éh;s manner at 4-second intervals during the
period in which the vehicle is above the plane tangent to the earth at
the tricking station. .The flow of Verlort data within the computer is
shown in.Fig. 6-4. The foliowing,altefnate systems are used primarily
as backup to thq Verlort and to proGide a statistical weighting factor

in the final analysis of data.

R-1162 Recéivigg Antenna

Additional crackiné data is obtained from the R-1162 antenna, It
is normally locked on to the telemgtfy signal but it can be locked onto
the acquisition beacon as a backup. Alone, the'R~1162 does mot provide
fan;e iiforhntioh; however, range cam be predicted by using the predicted
‘location of the orbital plane. The input teletype format is given in-
Fig. 6-5. A refraction correction must be applied co'the-étevatibﬁ'
measurements of both the Verlort and R-1162 data ‘to compensate for
atmospheric ﬁehding of the return signals. a
' Sggégdrrack Radar . - ‘

Space track radar il_co-entinlly'éhe same as the Verlort radar
System, with the exception that it does not make use of the vehicle
transponder. This system provides qeasuf@denta of time, aiiﬁnth,_

elﬁvatiéﬁ,'and'range as input to the‘llOZqAF~hompu;er program. It aiso
can provide reduced orbital parameters for use as refershce in the
'prdgram._' o

' Doppler . -

‘The Doppler system is uded'tO'eltimlte the minimum slant rahg?,
relative velocity, and the time of closest approach of an arbital:
pass. The Doppler system measures frequency shift versus time every
two seconds and this Provides a measurement of the rate of change in

slant raﬁge.. A typié;l Doppler tape format is shown in Fig., 6-6.
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. TAPE MOTION
HEADER " DATA WORD
A A .
Ve N NOTE: HEADER APPEARS ONCE
stare | PER MESSAGE
1 Ho 1 Ma | Y8 |M2| " To [Ts ODD PARITY BIT
: Uy fug Hg tu Slw T |7
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6.2.4 Time-of-Events Data .

Time-of-events data ig sent via 60-wpp'te1et§pe as part of
the command summary from each trqcking station. These eveqtsAinc;er,;he
lauﬁch phase, Stage I and Stage II burnou;, injection, etc., and are
telemetered .from the launch vehicle inetrumentation andvkatellite
electronic payload. Time-of-events are used throughout the computer
program as a point of reference fof cbmputing the satellite flight or
r§~éntry conditions and to predict‘nominal orbitl{ timer gsettings for
retrorocket ignition, re-entry time, and point-of-impact,

6.3 Prbéessing Unit

In addition to the basic arithmetic . operations as required fdr _
equation manipulaﬁion, the functions of storage and control are per formed
in thie unit. The storage subsystem holds data, results of computation,
and program instruction defining the process to be pérformed, while the
control subsystem contains the instructions of the pfogram.

6.3.1 Storage

"The physical models incorporated in the 1103-AF computer
Program are widely applied throughout the various modes of computation.
These models are used to simulate a ﬁominnl launch (to be used a8 backup
to ascent tracking instrumentation)-and applied in computations of the
orbital fit, flight Prediction, and retrorocket firing time. The eirth
model is uged in transformation of polar coordinates to inertial co-
ordinates and inertial coordinates to local coordinates,

A brief description of the various models follows:
Atmocgheric Hodelt The'elenentsbof the atmospheric model

necessary to the ascent and descent phases of the 1103-AF computer
program are; ' ‘ '
a. Atmospheric density used in computation of drag

b. Local speed of sound used in computation of mach number
and, consequently, drag

c. Ambient pressure used in computation of thrust correction
for altitude

The local speed of sound and the ambienﬁ Pressure are given asg g function
of height and are found in the 1956 ARDC model atmosphere.

6-9
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, Earth Model. The earth model used. in the 11031AP ‘computationsis
derived from the ﬂough elliploid. The equation represcnting this
ellipsoid is:

ﬁhnrc'A -#nﬁ B are defined as the semi-major and semi-minor axis
rclpectively, and U, V, and W are the rectangular coordinntel. The
earth's eccentricity E, 1s defined in the expreaaion

Nunbetical values a-lociatcd with the constants in the above cxprcacions
arec ‘

>
[}

6,378,270 meters

6,356,794.3394 meters

0.0819918898

0.006722670

Gravity Model. 'The gravity model is given as
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v is velocity

" is the universa) gravitational constant times the mags of the earth

a, is the semi-major axis of the earth and J and p respectively,
are the first and second order expanéion terms.
6.3.2 Vehicle Parameters
——==c=f “Aarameters



WDL-TR1394

carried.out in the computer and Operate on data check points supplied
_ by the tracking station. These are known as parity check,itime rejeccibn,
vight bit rejéction, and elevation rejection, and occur. in the 6rder
listed. Two types of error detection are ugsed: (1) detection of errors
of an implausible'nature, and (2) detection of possible errors involving
plausible but doubtful answers. These are determined by fitting data
to established limits under which the system would normally opcra;e.
| Parity Ch;c « -The parity‘check is a means of detecting
whether or not a machine operation has changed a'ehgchter'q representation,
To detérmine parity, i.e;, to test for equivalent values, the machine
checks whether the sum of the digits (or bits) of a binary number is ap
even number, i,e., diVilibi; by two. This simplified tiit of the
quantities recorded by the tracking stations compares the parity to a
parity bit of each datum transmitted by the :raéking station and rejects
those values that do not agree with each check, _
| Wéigh§ Bit., The tracking equipment aqtomatically.recordc a
weight bit for its data. - This provides A&’ means of.detetning_yhether or
not ‘a given tracking station was "locked-on" during the time of a’
satellite pass. . Data taken during éeriods when the tracking station ig
oﬁt-of-lbck are rejected from the computations. : .
Time Ré]ection.Séhene.'-The ;1he.rejection scheme dete;mines
the r;nge of values of time acceptable to the comﬁuter program, - ﬁiéa
Points are tested to give a monotoné in¢reasing series .in time; those
points that do not ‘fit the monotone pattern are rejected, |
Elevation Check. The elevation check tests whether or not
the elevation angle measured at the tracking station is within the

limitation of the equipment, Elevation angles less than 6 degrees and
those greate’ than ‘89 ‘degrees are rejected, ' ;

6.4 Flight Prediction

. Prediction of the position of the satellite at any given time ig
achieved by iﬁtegration of the associated equations of motion, The‘
initial conditions for the motion are Provided by the output from the
orbital fit and averaging routines in the 1103-AF compﬁter_program.
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.The flight prediction routine is used to:

a. Look ahead in orderto compute data for .the acquisition messages

b. COmpute the vehicle ephemeris
The future position of the satellite can be predicted when numerical
values have been obtained'for six parameters. Six are required since
the equations of motion ‘are three second-order differential equations.
There are many sets of parameters, each consisting of six quantities,
which can be used to describe the satellite orbit.

The set used for the program is: X, ¥, 2, %, ¥, £, where (x, y, z)
are the coordinates of the satellite (at some specified time t=t ) in a
"fixed" or "inertial" coordinate system, and the components of the
velocity vector of the satellite at the same time are (x, ¥, z). The
members of this set of orbital parameters are called "initial conditions"
since we use these six quantities are starting values for the numerical
integration of the equations of motion for a close-earth satellite. At
first, the set of initial conditions assumed is drawvn from launch data
or from a nominal orbit. From this an ephemeris, computed using the
Runge - Kutta method of numerical integration, gives the prediction of
the vehicle position during that period of time when it is above the
tangent plane of a tracking station. 1If the tracking system is a
radar, the vehicle position is observed during this time. A least-squarca
fit is then made between a set of observed positions (say every 4 .seconds)
and the predicted positions at the time of each of the observations.
The results of the least squares method is a set of differential corrections
[(aY x, Ay,bz, 4% Ay, Az) as shown in Fig. 6-8. wWith this new
corrected set of initial conditions the process is repeated. It is
repeated again and again until the differential corrections are very
small, and then these new initial conditions are used to predict the
future position of the vehicle. When another station observes the
vehicle, the least-squares fit is made between both sets of observations
and this last set of initial conditions . Thus, as more and more stations
observe the vehicle, the initial conditions are revised again and again
8o that prediction is made from initial conditions which produce a

trajectory that most closely agrees with all the observations in the least
squares sense. This process is depicted in Pig. 638,
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6.5 Output Unie

The output unit can be the same physical unit as that serving as
the input unit. The unit serves as a translator of the processed data -
and transforms data into a format acceptable for use outside of the
computer. The output may take the form of flexowriter, paper taﬁe,
punched card, or line printer depending on its inteuded usage. The _
flexowriter output, for example, can provide information in the following

formats:
a. Time t
b. Height or alti;ude h
.c. - Geocentric latitude 0
d, Longitude A
e. Velocity (inertial) lVl
£. Inclination angle i
8. Flight path angle a

The Fiexowriter can also give such data as:

“s .Revolution number of orbits (counted by the number of
descendipg'nodes)

b. Names of the tracking stations _
¢. Number of data points acquired from any given station
d. Pre<launch card (time of events)

¢. Total number of data points

f. Rejection intervals

g. Type of data.read into the computer |

h. Number of good data points used

1. Orbital parameter obtained from input dats by smoothing,
rejection, etc.

3. Stat;atical weight assigned to measure values,
The following outputs are utilized: '

PagerlTage Outputs:

8. Local xyz for Verlort radar acquisition tape (a typical
acquisition type format as shown in Pig, 6-7.)

b, Space track message

¢. Simulated Verlort data - checkout

€-15

P H I l_ c o . v ) GOVERNMENT & INDUSTRIAL GROUP

WESTERN DEVELOPMENT LABORATORIES




WDL-TR1394

d. Simulated R-1162 data - checkout

e. Simulated Doppler tracking data - checkout
f. Simulated ship tracking data - checkout
8 Simulated Doppler data - checkout

Card Outputs: R

8. Data Cards - single card

b. Program reset cards - polition,'velocity, vectors, end of
revolution - checkout

Listable Magnetic Tape Outputs:
a. S8/H - Timer Summary
b Data.poiﬁtl
c. All card inputs
d. Pits to orbit )
€. Ephemeris listings
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SECTION 7
GROUND COMMUNXCATIONS

7.1 General _ _

Communication circuits are provided for the transniiaion of data,
operating instructions, and administrative orders. The facilities
include teletype, telephone, and radio, and they interconnect the launch,
tracking, telemetry and control facilities.

The communications function is divided into two Separate systems:
(1) the interstation communications system, which consists of the
circuits and channels provided to connect all of the sc.tions-together
into an integrated network, and (2) the intrastation communications
:yltem,.which consists of the circuits and.equipmenc neceésary to support
on-station activities,

The communications equipment is installed in the operations building
at VAFB (pca Fig. 4-5), Hawaii (léé.Fig. 4-6), and Kodiak (see Fig. 4-7),
At New Boston, the communications equipment is installedvin the A&C van
(see Fig, 4~9), and at Point Mugu, in the commmications van (Fig. 4-8).
7.2 Interstation Communicationé System -

"~ The interstation communications system (Fig. 7-1) provides a

network of communication channels and Asuoeiated terminal équipment
required to coordinate the activities of the Subsystem H tricking

stations, The Satellite Test Annex (STA) is the activity control point
of the system. , , '

The five Subsystem H trackiﬁg Stations are connected to the STA
Computer complex by half-duplex 60-wpm teletype circuits and alternate
voicé/100qun teletype circuits, The Vandenberg and Point Mugu tracking
stations have an additional voice line capability to the étA through
the Vandenberg control center, A duplei real-time voice line slave
data circuit'and,an EE-8 terminated'voice line also exist between the

Vandenberg and Point Mugu tracking stations,

7-1
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Interstaﬁion communications circuits are provided by normal
telephone company leased lines, except for those provided by government
agencies outside the territorial United States. The down-range telemetry
ship is tied in by means of a high frequency, single-gideband (SSB),
voice-radioteletype circuit, terminating at the STA. The Kodiak tracking
station is linked to the recovery force by SSB.

7.2.1 60-WwPM Teletxge

The command-administrative 60-wpm teletype circuit
terminates on a Model 28 ASR (automatic send-receive) teletypewriter set
at each station. The Model 28 ASR consists of a page printer and keyboard,
tape perforator and a transmitter-distributor (T/D). Maximum versatility
is provided, in that each unit of the teletypewriter set can be used
separately or in various combinations. Secure transmissions are
possible at each tracking station by use of the Model 131-B on-line
crypto equipment in'conjunctiqn with the Model 28 ASR.

The 60-wpm circuits from all tracking stations terminate at
the STA in a console. From the console, a multiple number of circuits
can be patched together into any one of several "hubs'" available to the
console. The STA decides to which "hub" stations. vill be assigned during
both normal duty hours and operational periods; ehareforn, if-a stdtion
desires to transmit a message to a station in another "hub", the station
will have to request the STA to make the neceaaary patch,

' The 60-wpm command-administrative net is used for acquisition
and command messages, weather and equipment status reports, performance
and command summaries, and general information messages and instructions,

7.2.2 Alternate Voice/100-WPM Teletype Net

The alternate voice/100-wpm- telctype net consists of separate
full-period telephone circuits connecting the tracking stations to the
SIA. This circuit is used to convey either voice or teletype information
on a shared basis. Circuits are normally on voice when not being used
for tracking data transmission. When in the teletype mode, the circuit
is terminated at fhe computer,

7-3
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' " Teletype Utilization. 1In the teletype mode, the ‘alternate
voice/100-wpm circuit is utilized to route vehicle tracking' data in: "
"digital-bidaty form from the trackihk stations to tﬁb‘cénfril compiiter,
Antenna positioning data (acquisitionﬂﬁrogfam)Aare-tduébd from the -
‘ceritral’ computer to ‘each tracking station prior to’'each pass. " The circuits
are terminated at each end with transmitter-distributors ‘and tape re-
perforators. The d-¢ output of the transmitter-distiibutor is converted
to frequency shift tones for routing on the voice frequency telephone
carrier'ehénnels-by Type 43Ai telegraph ‘carrier equipment. At the .-
receiving end, the frequency~éhtft tdﬂeg~are'convérted~back?to d-c type
-impﬁIqés by similar equipienq. Lines aré switched to ﬁhq ceﬂgral-cogputer
equipment by the operator at STA whenever the circuit ig utilized -for
teletype operations, 'The'teletype terminating equipment,~cpnsict§ng'of .
the'répérforators;'transiitter-distributors, conversion and ‘storage
units, is located in the computer area. '

Voice Utilization. As & voice circuit, the ‘100-wpm alternate
voice line 1is ‘used for all voicg-commuﬂgéationa,~ine1uding countdown‘
status, -checks during prelaunch phase, -and repdrfing of real-time read-

- outs during active passes. ' The STA controls the status of the 100-wpm
" circuits and selects either the 100-wpm or voice, and conference net or
individual stafion-comnunications; a |
7.2.3 Launch Goordtimtion Telephone Circuft . -
' A aepa:;te'full-period tgléphone‘circuié is installéd which
‘.connects the Vindenbergafracking station, ?oint Mugu tracking aeécinn,

- Vandénberg control cefiter and the STA. This circuit is providedjto:f
insure maximum coordination between these stations during prelaunch and
-I&uﬁch“phﬂaed,hincluding the transmission of the lift-off tone.

| 7.2.4" Beal-Time Digital Data Slaving Link -

tracking equipment between the two stétiona. A more detailed deacription
is contained in Section 4.2, pata Transmission and Displﬁy.
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"7.2.5 VAFB-Point Mugu Radar Data Voice Line

A voice line terminated with EE-8 telephones in the radar
and data transmission areas of both stations is routed between VAFB
and Point Mugu. This circuit is used_primerily to coordinate activities
between_the two radars during the launch phase. It is also used in
checking out the real-time slaving link during the countdown.

7.3 Intrastation Communications System

The intrastation communications system (Fig. 7-2) provides the
communicetion facilities for coordination of on-site activities. The
intrastation communications system consists of (1) an administrative
system (2) an operation‘sysCem (dial) (3) direct operational circuits
(hot lines) and (4) an on-station paging system.

7.3.1 Administrative System

At Vandenberg, the administrative telephone system consists
of subscriber subsets terminated at the PABX in the new Missile
Assembly Building. This system is used for normal administrative calls
among the various locations within the launch and tracking complex.
Drops are installed in the administrative and operational areas. Access
to the commercial telephone system is provided.

At Point Mugu, the administrative system consists of
subscriber subsets connected to the Navy (RAMTC) telephone system. Drops
are installed in the administrative and operational areas. Access to
the commercial telephone system is provided.

Administrative telephone facilities at the Hawaii tracking
station terminate on a 100-line PABX. Access to five commercial
trunks is provided by dialing "9", Subsets are installed in all adminis-
trative and operational areas. |

Administrative traffic at the Kodiak station utilizes the
station operational dial telephone system (Leich 40-A) for both
administrative and operational purposes. Direct dialing access to the
local commercial telephone system is provided
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Administratlve communications at the New Boston tracking .

' - gtation are provided by New England Bell Telephone facilities installed
in adminxstrative and operational areas.
7.3.2 Operational Telephone System (Dial)

The operational telephone.system provides dial telephone
facilities between all buildings, offices, vans, antenna towers and
power-generating facilities within the tracking station. Vandenberg
requirements, originally provided by the Kellogg Select-0-Phone System,
have been integrated with the SAMOS operational communications system.
Point Mugu and Hawaii requirements are met by the Kellogg Select-0-Phone
system. The same facilities are provided by a Leich 40-A PABX system
at Kodiak and New Boston. Each subset is aesigned a number combination
and any terminal can be dialed from any other terminal within the system.

The Kellogg Select-o-?hone is strictly an on-station
fao111ty since its characteristics make it incompatible with normal
commetcial facilities. The Leich System is compatible and is utilized
at the Kodiak station to dial directly into the off-station telephone.
system for long distance calls. Both systems provide overtide features
permitting high priority calls to be made at any time.

7.3.3 Direct Operational Circuits

Direct operational circuits (hot lines) are supetimpoeed
on the Kellogg dial-system local lines. Separate hot lines are provided
with the Leich system. These circuits permit the operator,.or the
controller at one of the supervisory consoles, to connect his telephone
directly onto local lines without the necessity of digling. The hot
lines utilize the awitchboard battery, but the switching is independent.
The hot lines are controlled by keyed microswitches located on communications
panels (Fig. 7-4). At the shift supervisor's comnsole (15 keys), the
acquisition and tracking console (15 keys) and-the vehicle command con-
sole (5 keys). These lines are used during acquisition, tracking, and

testing procedures to coordinate the efforts of the master console
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operators and shift supervisor with the various eduipment-bpera:ing
locations. Contact is initiated by depressing a designated pushbutton
switch on the communications panel at any of the three station éupervisory
consoles. This places the operator's headset directly on the line to
the poaition called. 81gnalliﬁg is provided by a ring button on the
panel. Direct hot-line circuits are provided between the following
points, subject to revision as dictated by operationgl requireﬁents:
‘'a., From the SS/H Shift Supervisor's Console to:
(1) Central Timing Generator
(2) 1MSD Telemetry Equipment
(3) Data Transmission Van _
(4) Communication Opera;or'a Position
(5) Acquisition and Tracking Comsole
(6) Vehicle Command Console
(7) Paging System
b. Prom the Acquisition and Tracking Consoled to:
(1) Doppler.Conérol Position
(2) Tri-helix Control position

(3) Telemetry Tracker Control position
(VAPB and Hawaii only)

(4) Radar Console
(5) Radar Computer Comnsole
(6) SS/H Supervisor's Console
(7) Paging System
c. From the Vehicle Command Console to:
(1) 1MSD Telemetry Equipment
(2) Radar Operator ‘
(3) Ss/n Supérvisor's Console
(4) Paging System .

7-9
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7.3.4 Voice Paging System o
A dual system of voice paging is provided at each ‘tracking

" ‘station; one system covera the receiving area and the other, the -
transmitting area. Each area has a aeparate'amplifier and speakers are
installed at specified locations in each area. Any dial telephone in
the operétional teiephbne system has access to the paging -facilities by
dialing a preassigned number. The communication panels at the three
supervisory positions contain a button switch_to provide access to the

'paging systen.

The voice paging system ia~primari1y designed for use by the
shift supervisor to conduct operational Qnd'general administrative
activities. It is used for general announcements, local countdoﬁn infor-
matio@ and operational instructions prior to and during an operation.

- 7.3.5 Knilogg Select-0-Phone System , _

The Kellogg Select-0-Phone system is a 55-line dial telephone

. system. Present tracking station requirements use approximately 35 lines,
ieqving an expansion capability of 20 lines with additional selectors.
The system is capable of conference calls and dialing up to 3% miles
with long-line equipment. The Select~0-Phone uses a manual ring system;
no dial tone is provi&ed. '

7.3.6 Leich 40A PABX Telephone System

The Leich 40A private automatic branch exchange is a 40-line
dial telephone system featuring a dial tome and automatic ring. A
maximum of six local links are available. The Léich equipment is a
compatible system and works directly into commercial lines without modi-
fication. Ten city trunks terminating on trunk switches are availablé.
The switchboard is designed to.operate over a voltage range of 44 to 56
volts with an automatic or common battery central office and may be
adapted to work into a magneto office. The trunklloop limit is tﬁe
central office loop limit or 1500 Q , (whichever is less). '
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' SECTION 8
SYSTEM OPERATION

8.1 General

V Discbverer tracking station operational procedures and requirements
are governed by applicable LMSD publications; i.e., System TeSt Directive
(STD) and étation Operating Procedures (SOP). Direct control of system
checkout and test operations is exercised by the Satellite Test Annex
(STA). Phases of station activityAin support of test operations include
prelaunch, launch, orbit, and recovery.

8.2 Prelaunch Operations '

The objecéive of the prelaunch procedure is to insure proper
functioning of the overall system. Station equipment checks and calibra-
tions are performed in accordance with applicable'SQP's. System 6peration
exercises and data transmission checks are conducted to verify proper
operatioh'of station equipment. Flybys of aircraft equipped with beacon
and télemetry equipment are made at the stations to démonatrate operational
readiness. A dress rehearsal involving all stations provides a com-
prehensive readiness check. Periodic weather reports are submitted from
various stations and the effect on flight operations is evaluated by the
STA'up to the time of launch. | _ ' -

In the fin@l sﬁages of the countdown, periodic cémmunication.
'station status, and system time checks are performed by STA with each
station. Any change in station status, if a malfunction is involved, with
an estimated time fequired for correction, is reéorted immediately by the
station. An acquisition program of the nominal launch or orbit trajectory
is transmitted to each station by thé central computer. The stations run
a preplot of this nominal data and, with the Verlort slaved to the
acquisition programmmer, transmit tracking data back to the cent;al
computer, From this data, the central Eomputer evaluates the readiness
of the tracking data transmission facilities. All r-f interference is
reported to the appropriate Frequency Control Center. Ac.the initiation
of the terminal count, the blockhouse is placed on the conference voice

line to provide a commentary of the progress and the lift-off tome.

8-1
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8.3 Launch Operations
At lift-off, a 1000 cps tone is transmitted to all stations. The

STA immediately provides the down-range telemetry ship with the system
time of lift-off via the SS§B link, o

At lift-off, tracking is initiated by the Vandenberg Verlort, TLM-18
and tri-helix, assisted as necessary by the optical tracker. Two VAFB
range safety MP8-19 radars (one active, with its PRF synchronized to the
Vandenberg Verlort, and one passive) also begin tracking at lift-off.

The Mugu Verlort should lock-on at about t + 40 seconds with the Mugu
trichelix acquiring slightly sooner. Real time Vandenberg slaving link
data is available to aid Mugu acquisition if neccnlary.. To avoid lobe
tracking, the Vandenberg radars received signal is manually attenuated
with the waveguide variable attenuator. The attenuation is gradually
removed as the signal strength decreases. At Mugu, anti-lobe-track-
operating procedures are utilized, If lobe tracking is suspected due to
lower signal strength indication at acquisition, a minual excursion of
+ 10 degrees in azimuth and + 5 degrees in elevation is made at the
earliest possible time before T + 90 seconds. Vehicle velocity after this
time makes rapid lock-on difficult, Fine PRF synchronization is maintained
. by Mugu during the time Vandenberg and range safety are actively tracking.
To avoid interfering with Mugu Verlort tracking and commanding during
PRF cﬁangel.‘thc Vandenberg radar will go passive and the two range"
. safety radars will shut down at T + 164 seconds.

Thé.Point Mugu tracking station has the responsibility for determining
and transmitting the required time-to-fire and veloéity-tofbe-gained
correction commands to provide engine ignition and cut-off times necessary
for achievement of the desired orbit, COmputatioh and transmission of
these correction commands will be accbmplished automatically by the
guidance conpufer system by sampling and evaluating launch tracking data
at two predetermined points. The time-to-fire and velocity-to-be-gained
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correction commands are normally transmitted automatically as Commands
No. 5 and No. 6,‘reepective1y. At the option of the computer operator,.
guidaﬁce'command control may be switched to the guidance command panel
of the VCC which is preset with nominal values of Commands No. 5 ahdA
No. 6. . |

Both Vendenterg and Mugu provide a voice commentery to the STA on
equipment trecking status, required real time telemetry readouts, and
command transmissions and verificatione. Verlort, TLM-18, and Doppler
tracking data are recorded on punched teletype_tape; Verlort data is
transmitted to the central computer via the 100-wpm teletype link.as
soon as possible. The TIM-18 and Doppler data are tranlmitted via
100-wpm teletype as directed by the STA. Performance, command, and
status sumnaries are transmitted via 60-wpm teletype followiog theilaunch
‘operation. Recorded tracking, telemetry, and plotboard data are a
packaged up and delivered to STA by courier. o

At launch, the downrange telemetry ship will be on station epproximetely
1300 am downrange and 75 nm east of the projected launch trajectory.

This position optimizes reception of telemetry data beyond the reorientation
phase while covering engine burnout and orbit injection. The telemetry
ship will automatically track the Doppler transmitter, recording antenna
position data and Doppler frequency data on teletype tepe. This. data,
with ship attitude deta, is transmitted to the STA by SSB radio teletype
at the direction of the STA. The antenna position data, together with V
the Doppler data, can verify that orbit hae been atteined or define the
trajectory in the event that orbit is not attained. The telemetry data
recorded on magnetic tape will normally be delivered upon reaching port,
unleas an air pickup is directed by the STA,

8. 4 Oorbit Operations '

The tracking stations will go through the prepass checkout for orbit
.operations as outlined in applicable SOP's. The central computer . J
evaluates exit trajectory data or orbital data as appropriate and ;
transmits an updated acquisition meeeage and acquisition program to the
stations via 60-wpm and 100-wpm teletype, respectively. The acquisition

message contains Reeves orbit computer parameters; system time of acqui-

8-3

P H I L c o GOVERNMENT & INDUSTRIAL GROUP
WESTERN DEVELOPMENT LABORATORIZS




WDL-TR1394

sition, midpoint, and fade with positional data in both polar and
_cartesian coordinates; time of reset; and commands to be transmitted
‘The acquisition program will be preplotted and then set to start at
ETA=Q to aéeist'tracking devices to acquire as necessary.

Tracking will be maintained and tracking and telemetry data recorded.
from acquisition to fade or actual turn-off of the vehicle §-band
transponder and telemetry. Commands will be transmitted as directed by
the STA. The anti-beacon capture circuit (see Paragraph z.z.13)‘ﬁ111
permit simultaneous Verlort tracking when the vehicle is within range of
more than one station. The radar when tracking will normally drive the
slave ous. During track, the Reeves orbital computer will be updated

_ cohtinuously,so that if radar track is lost, the computer ootput can be
used to aauist in reacquisition. Verlort tracking data will be ‘trans-
mitted to the central computer as soon as possible. The TIM-18 and
‘Doppler data will be transmitted as directed by the STA. Performance
and command summaries are transmitted via 60-wpm-teletype following the
completion of the pass, |

1f acquisition is not achieved stations will implement "lost bird"
procedures as directed by the STA.

Variations in launch-phase performance of both booster and satellite
vehicles may'cause the actual orbit period to deviate from the nominal.
Since the orbital programmer period was set at launch to agree with the
nominal or predicted orbit period, the programmer rate must be changed
to agree with the actual orbit period. Once the orbit period has been
determined, command.No. 2 can be used to correct the programmer rate
in increments of secohids, with:Gomimand:No. 1 determining the . .o
direction (Increeae/Decreaoe) of the change. Command No. 5 is used to
reset the on-off timing of the programmer to the proper geographical

reference. Proper reset timin; is particularly-important to the'tecovery
phase.

| .
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8.5 Recovery Operations
A primary objective of the Diocovctct program is the recovery of

a re-entry capsule ejected from orbit on a scheduled recovery pass.

The recovery capsule is placed on a re-entry trajectory by a programmed
retro-rocket"f:lring. Programmed parachute deployment slows the descent
rate of the capsule, and activation of recovery aids enable capsule
detection for air recovery by specially equipped aircraft.

On the pass preceding the recovery pass, orbital programmer
correction commands are transmitted to the vehicle to refine the timing
bf the re-entry- sequence to place the recovery capsulé within a pre- *
determined area in which the recovery force is operating. Acquisition
aids contained within the capsule aid both air and surface craft to
acquire the capsule during re-entry.

The Hawaii and Kodiak stations are utilized to track the capsule
during re-entry and furnish position data to the sea and air recovery
forces. Pacific Missile Range (PMR) tracking facilitiu at South Point,
Barking Sands, Christmas Island and Tern Island are al.co utilized to
provide cnpaule position data. Emergency alternate re-entxry procedurea
also require the support of Vandenberg tracking station and the downrange
telemetry ship. The re-entry sequence which is preset into the programmer
to occur on a selected pass may be changed by command.
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SECTION 9
RELIABILITY

9.1 Station Reliability Analysis (Kodiak )

A reliability study has been conducted on operacing time and

failure data collected during a 22 month period (from September, 1958
through Jﬁnq, 1960) on Kodiak Tracking Statioh; Alagka. The data'évailable
for this study included equipment operation time and the number of
ma jor failures, each listed month_by.montb. Unfortunately rherg was no
record of repair times, so oo osrimate of availability can be made.

_ Availobility is defined as the ratio of time that equipment is
operational to the time it is required. That 15, it is the ratio

MTBF -
MTBF 4+ MTIR

where MTBF 1s mean time between failures, i.e.,':he summation of

operating divided by the total number of failures, and MTR is mean time
to repair. If repair times are short compared to MIBF's then it follows
that availabilicy is high (close to unity). ‘

Reliability is the probability that equipment will perform its
required function (operate within specifiontion) for a given period of
time. It is expressed as

| Ree ™t
where M\ is the failure rate (failures per unit time)
.and t is tbe time of required operation.

By assuming that the equipment is operable at the beginning of a
required period, the reliability hbs been calculated for certain
essential functions. A vehicle pass duration of seven minutes was
assumed, aud the reliabilities for one pass and for seven passes (assuning
a total of 17 passes, the vehicle is visible for seven at Kodiak) are
calculated. Five functions have been considered: .

a. Tracking and command -

b. Timing »

' ¢. Data transmjission J

d. Doppler tracking . .

e. Telemetry

PHILCO | | WESTERN DEVELOPMENT LARGRATOmES



.The following equipment was included twice; once in telemetry function

and once in Doppler Tracking function:

b.

C.
a.
e.
£,

Tri-helix antenna assembly
Azimth drive assembly
Elevation drive assembly
ﬁaae:asaemb}y’ ‘
Power supply unit

Joystick cﬁntrol unit

All other equipment was asiigned only to one function, as shown in
Table 9-2. Listed in Table 9-1 are the failure and reliabilities for

seven minutes for the functions named.

Table 9-2 lists the major equip-

menttcomponentd, operation time, number of fhilures, estimated MTBF, and

90 per cent confidence interval.

The MTBF is obtained by dividing

operating time by number of failures.* The 90 pet: cent confidence interval

is the interval within which one is 90 per cent certain that the true

~ value lies.

That is, in the case of the radar equipment, the antenna

pedestal has‘an estimqted MIBF (Table 9-2) of 412 hours and the 90

per cent confidence interval is 228 to 828 hours.

This means that by

the techniques used, the estimate is correct 90 per cent of the time
that the true MTBF is in the range of 228 to 828 hours.

* By fallure is meant a fault, the presence of which would cause
loss of the function.

PHILCO
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TABLE 9-1
SUBSYSTEM FAILURE AND RELIABILITIES

' ; _ RELIABILITY
- FUNCTION FAILURE RATE (7 MINUTES)
%1, Tracking and Command | 0.01266 , 0.9985
*2. Timing : 0.005992 0.9993
*3. Data Transmission 0.009203 0.9989
%4, Telemetry . - 0.01752 4 0.9980
5. Doppler Tracking 0.007514 0.9991
Product of 1,2,3,4& - 0.9948
Product of 1,2,3,4,5 - 0.9945

(excludlng duplxcatlon of tri-helix antenna equipment which is
included ‘in each of 4 and 5)

for 7 passes 1,2,3,4 = 0.9755
for 7 passes 1,2,3,4,5 = 0.9585
*Prime importance functions

9.1.1 Summary .
Table 9-1 shows the reliability (i.e., the probability that

given equipment will perform its function for a stated period of time)
for five functions of the Kodiak station based on the operating data.

The primary functions of (1) tracking and command, (2) timing (3) data
transmission and (4) telemetry have a probability of performing properly
during a seven minute pass of 0.9948.. For all seven of the 17 Discoverer
passes the reliabilify is 0.9755. For these four functions plus (5)
Doppler tracking the reliability for a seven minute pass is 0.9945.

The probabil1ty of all the functions petforming properly
for all seven passes is .9585.

All the above figures are based on the assumption that the
equlpment is operating satisfactorily at the beginning of each pass. This
assumption was wade necessary since no repair times were ‘known, The
reliabifity‘figures should be reduced By an availability factor which would
take into account the probability that equipment might be down for repair
at the beglnning of a pass.
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9.2 Reliability Summary A ,

This section preeents a brief_eummary of the reliability effort on
the Discoveter‘Progrgm during the period from December 1958 to November
1960, Machine-processed and analyzed quantitative data on system failures
was used in conjunction with failed part analyses to establish a basis
. for system reliability improvement.' Failed part analyaes were conducted
on a total of 440 representative failed perte which were returned from
field and from experimental teeting failures. These failure analyses
were conducted to determine reliability problem areas and modes of
failure. The following data was collected to provide a quantitative

basis for analyzing failed parts:

8. The number of failures, including preventive maintenance
failures

b. The identity of the failed component, including reporting
" organization, major system and -subsystem, failed part, and:
manufacturer :

€. The cause of failure, if knowm, 1nc1uding the type of failure
d. - The time operated before failure

e. The symptoms of failure; causes and environmental conditions
eesocieted with failure. '

9.2.1 Reliability Problems

' A formal failure analysis wae>conducted on significant and
‘recurring failures. Such‘analyses were especially useful because com-
.ponents. were examined and histories maintained. The failure analysis _
group reviewed the failure reoorte, the failed part analysis report, the
tabulation of previous failures, and the associated drawings. It then
isolated the causes of failures so that corrective action on reliability
problems could be taken to improve system reliability. The following

table is an example of the reliability problems encountered in the
Discoverer Program.

9-7
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DISCOVERER PROBLEM SUMMARIES

Beacon Type 449 - Model 3bb2A .Subsystenm

Receiveklrfihlmtfter Unit

PROBLEM

CAUSE OF PAILURE

. CORRECTIVE ACTION

Arcing and loass of po-
wer output in the
transmitter tube

Plate current and peak.
current to tube exceed-

| ed tube ratings

Pulse countdown and
excessive current
drawn by modulator
from power supply

Peak current and RMS
current at 1230 pps ex-
ceeded tube rating

Reduction of beacon
power output require-
ments witliin minimum
system requirements

Inner canductor of
cable assembly broke
off inside duplexer at
soldering terminal

Mishandling of cable
during repair

Careful handling and
Teplacement of an ex-
cessively handled
agsembly '

| Damage to new tubes
—caused by improper
handling

Blistering of the. plat-
ing in the transmitter

- | cavity

Plating process was
corrected with S/N
0030

Air lenkagé of connec-
tor of low pass filter

Ineffective sealing

Sealing process wa
corrected -

Intermittent countdown
in vibration and crit-
ical code spacing ad-
Justment ‘

Misapplication of part;
one sixteenth of a turn
on trim pot shaft de-
termined code spacing
tolerance

.cess of code spacing

[sd

Testing of six Trimpo
showed resistance ex-
cursions with noise .
voltage spikes in ex-

tolerance. Modifi-
cation of circuit re-
quired to .reduce crit-
ical characteristics

PHILCO
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TABLE 9-3 (Continued)

Command Decoder Unit

PROBLEM CAUSE OF FAILURE CORRECTIVE ACTION
-Contact chatter and Acceleration magnifica- Stiffening brace
hangup of armature tions - result Placed across relay
: : when command decoder mounting board dampen-

.{was vibrated per speci- |ed resonances in boar&
fication
Contacts of relays be- |Incorrect checkout in Modified checkout con-
came welded during the field sole to provide fuses
checkout of beacon to protect relay con-
: tacts

Beacon Castings.

Porosity, loss of pres- Incorreqt material used Casting quality was
sure due to air leaks |in casting: low quality { improved. X-rays and+

casting workmanship chemical analysis wer
run on remaining cast
ings

Dopplet Subgyatem

Tri-Helix Antenna Assembly

Antenna pedestal broke |Inadequate mounting of |Strengthened pedestal
loose from antenna base|antenna to withstand to base mounting

in high winds aboard shipboard environment '
tracking ship :

Antenna

Control relay contacts |Contact rating exceed- | Replacement of relays
arced and burned. ed. Relay compartment |with higher rated re-
Water leaked into re- |leakage. lays. The relay com-
lay compartment . partment seals were
’ improved.
9-9
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TABLE 9-3 (Continued)

Telemetry Tracker Subsystem

Preamplifier
PROBLEM CAUSE OF FAILURE CORRECTIVE ACTION
Prémature failures of |Low signal to noise Installation of power
the preamplifier tube |ratio; “turn on" line regulation and
history and filament reduction of “turn
voltage variations on" hazards
were major detrimental
factors

Data Transmission Subsystem

D-C Amplifiers

Premature failure of Dirt on contacts caused Replacement of choppen
mechanical chopper cau- noige and contact bounce|with a new chopper de
sed unbalance and noise chopper case was not signed especially for
in D-C amplifiers . hermetically sealed. this application.

v Contact adjustment was
too critical for field
maintenance.

9-10
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9.2.2 Total Re orted Failures For Disco#erer Ground Tfackin

System Plus the S-Band Beacon and Command Decoder

The following bar graphs (Figs. 9-1 through 9-9).give a
Summary of the failures reported from the field during the period of
Decembgr 1959 to November 196b. This information is indicative, but not
conclusive, about overall system failures. It was vaiuable for indication
of equipment warranting further investigation, such as the sub-carrier
discriminator in the télemetry ground station components chart.
9.3 ZIransistorized "S" Band Beacon

The following summarizes the reliability design review performed
on the transistorized $-band beacon Type 149-82 used in Subsystem H on
Discoverer and Samos vehicles and is extracted from WDL-TR1333, titled
"Reliability Design Review, S-Band Beacon (Transistorized) Type 149-82,
Model RT-5", dated 15 August 1960,

The beacon is composed of an S-band receiver and transmitter
(transpondeg), a tranéiscorized power supply, and a'six-command decoder.
It receives and acknowledges command signals sent from the tracking site.
These command signals are then decoded by the s8ix-command decoder and
issued to the thicle's control facilities. The transponder and the
decoder are housed in Separate units within the same compartment and
are connected by cables to transfer signals or commands from the trans-
pqnder to the decoder.

9.3.1 Design Review
Reliability Procedutes, The following procedures were used

to perform the reliability design review:
a, Examination of specifications
b. Review of the parts list
c. Reliability prediction based on parts count
d. Circuit review
e. Review of parts applications
f. Stress value reliability prediction
8 Physical design review

h. Life test results
5-11
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Parts Review. Parts were réviewed and recommendations were
offered on all parts that did not meet military standards. Comments

were also made in cases where a lack of sufficient information on specific

parts was found,

Reliability Prediction. A reliability audit was made based

on parts count only. The average failure rates used in making the parts
count reliability prediction are listed in Table 9-4. These rates were
derived from published literature assuming 70 % ambient temperature and
derating to 50 per cent. BN
Cglculation of Electrical Stress Values. Electrical stress
-values were calculated from preliminary circuit diagrams furnished to
Philco WDL by Avion. (Failure rates will vary depending upon the appli-
cation.) The component failure rates obtained from published literature
are based upon per cent of full rated value and a temperature of 70°C.
Reliability Terminology. The terminology listed below
applies to Tables 9-5, 9-6, and 9- 7 and explains how R( t) is determined:
t = time in hours
Reliability = R(t) = e
A = failure rate in per cent per 1000 hours.

=Mt

‘Failure Rate Analysis. Each part in the S-band beacon and
the six-command decoder was analyzed. The reaults of this analysis are
given in Tables 9-4 through 9-7, Reliability versus time in hours was
computed for the beacon and decoder separately and for the two units
combined. See Tables 9-5, 9-6, and 9-7.

Parts Aggliéa;ion Review. Suppressor diodes CR2000 through
CR2009, located'in the relay matrix, are being operated too close to the
maximum rating as given by the manufécturer. Work is in progress to
find a suitable part having a higher rating. At this writing no replace-
ment part has been found; however no failure has occurred.

9.3.2 Summary of Reliabilitz Prob;emg and Chagges Accomplished
oo Lead Length High noise level caused false transmitter -
Pulses due to excessive length of lead from terminal 6 on TB 200 to

P H l l c o GOVERNMENT & INDUSTRIAL GROUP
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terminal 2 on TB300. To eliminate the noise pickup because of the ex-
cessive lead length, the lead has been replaced wzth a point- to-point.
juniper effective on Serial Number 509.

Pulse Agglifie « The pulse amplifier gain was found to-be ,
critical. High signal level resulted in single pulse operation. Effective
on Serial Number 509, the bias on the pulse amplifier was changed to
make it less critical to adjustment. i

' C606 on Serial Numbers 501 and 502. Mounting stud separated
from the capacitor case. To correct this, Avion reduced spacer thickness.

Local Ogcillator 21. Crystal current was correct, but in-
sertion loss was high. Effective on Serial Number 502, the type of
cable from the local oscillator to~tﬁe crystal cavity was changed.-

Q1300 in Ramp Generator. - False commands were generated
under threshold signal conditions. To eliminate.this. Avion desensitized
the multivibrator and improved ramp clamping.

Q1107 and 01401 on Serial Number 501. Transistor leads
broke in vibration at transistor button base. iEffective on Serial
Number 502, a'bonding compound has been coated over the transistors,
transistor leads, and séckets. Vibration teaﬁs have indicated this fix
to be satisfactory.

Relay K2007. This relay failed during altitude test under
switching conditions. The failure analysis disclosed a cracked header
glass bead which probably existed prior to the start of the test. Avion
has initiated a careful magnification inspection of glass beads after
assembly of relays to matrix board.

9.3.3 Conclusions

The failure rate for the Model 149-S2 beacon is estimated

at .002 failure per hour. For a satellite operational duty cycle of

20 per cent the probability of successful operation for aeventecn passes
is 0.989, The predicted reliability for S houra operating time is
0.9975,

9-22
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TABLE 9-4
AVERAGE FAILURE RATES

: ' Failure Rate
Companents Per cent per 1000 Hours
Resistor - 0.122
Capacitor 0.141
Transistor : 0.110
Diode 0.084
Relay 0.40
Transformer 0.30
Choke 0.30
Electron Tube 0.84

TABLE 9-5
149-52 RADAR BEACON
RELIABILITY VERSUS TIME IN HOURS
(based on M = 31.427 from total failure rate)

Time R(t) v Time R(t)
1 0.9996 160 0.9512
20 0.9940 200 0.9417
40 0.9900 250 ~0.9231
60 0.9801 300 0.9048
80 0.9782 350 0.8958
100 0.9704 400 0. 8750
130 0.9607 450 0. 8607
‘ 500 0. 8521

9-23
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TABLE 9-6
SIX-COMMAND DECODER
RELIABILITY VERSUS TIME IN HOURS
(based on A = 18.780 from total failure rate)

Time Ree)  Time o Ree i

1 0.9990 ) 160 0.9704
20 0.9970 200 0.9651
40 ‘ 0.9950 250 0.9591

60 0.9960 300 0.9447
80 0.9851 350 0.9416
100 ~ 0.9821 400 0.9323
130 0.9801 450 0.9231
500 0.9139

TABLE 9-7

COMBINED RELIABILITY FOR BEACON DECODER
RELIABILITY VERSUS ACTUAL OPERATING TIME IN HOURS
(based on A = 31,427 + 18,780 = 50,207)

Tinme . . R(t) | Time R(t)

1 ’ 0.9995 ' 200 0.9054

40 0.9802 400 0.8181

100 ' 0.9510 ~ 500 0.7778
9-24
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APPENDIX A-1

VERLORT-BEACON LINK CALCULATION

Radar Power Output

Radar Line and Duplexer Loss

Radar Conical Scan Loss (50% crossover)
Radar Antenna Gain

Polarization Loss

Fading ﬁargin

Space Loss at 1500 N. Miles; F = 2900 mc
- Vehicle Antenna Gain

Vehicle Receiver Line and Diplexer Losses
Signal Power at Vehicle Receiver
Vehicle Receiver Sensitivity

Vehicle Signal to Noise Ratio

BEACON-VERLORT LINK CALCULATION

WDL-TR1394

dbm

2 db
3 db

db
db
db
db
db
db
dbm
dbm
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APPENDIX A-1

VERLORT-BEACON LINK CALCULATION
VERLORT-BEACON LINK CALCULATION
. Radar Power Output + 84 dbm

Radar Line and Duplexer Loss : - 2 4db
Radar Conical Scan Loss (50% crossover) - 3 db
Radar Antenna Gain : , + 37 db
~ Polarization Loss ' - 3.db
‘Fading Margin - - 6 db
Space Loss at 1500 N, Miles; F = 2900 mc - 170 db
Vehicle Antenna Gain : : + 3 .db
. Vehicle Receiver Line and Diplexer Losses - 2 db
Signal Power at Vehicle Receiver - 62 dbm
Vehicle Receiver Semsitivity ‘ ‘ - - 65 dbm

Vehicle Signal to Noise Ratio 3 db

BEACON-VERLORT LINK CALCULATION
==l LR LALLULALION

Vehicle Transmitter Power Output + 60 dbm
Vehicle Line and Diplexer Losses - 2 db
Vehicle Antemna Gain + 3 db
Space Loss at 1500 N. Miles; F = 2900 mc - 170 db
Fading Margin - 6 db
Polarization Loss - 3 db
Radar Conical Scan Loss (50% crossover) - 3db
Radar Antenna Gain + 37 db

. Radar Line and Duplexer Losses - 2 db
Signal Power at Radar Receiver - 86 dbm
Radar Receiver Semsitivity for Auto Track = 90 dbm
Radar Signal to Noise Ratio t 4 db

A-1
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APPENDIX A-2

ACQUISITION-TRI-HELIX ANTENNA LINK CALCULATION
Transmitter Power Output ’ + 10 dbm
Transmitter Line and Diplexer Losses - 3 db
Transmitter Antenna Gain ‘ 0 db
Space Loss at 1500 Nautical Miles; F =225 - 240 mc -~ 148 db
Polarization Loss : - 3 db
Fading Margin ‘ - 6 db
Receiver Antenna Gain ' + 15 db
Tracking Errors - 34db
Receiver Line Losses : - .2 db
Signal at Receiver Input ‘ » - 140 dbm
Receiver Noise for 100 cps bw and 5 db N.F. . = 149 dbm
I-F Signal-to-Noise Ratio ' : . 9 db
A-2
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APPENDIX A-3

FM/FM TELEMETRY - TRI-HELIX ANTENNA LINK CALCULATIONS

WESTERN DEVELOPMENT LABORATORIES

Transmitter Power Output + 39 dbm
Transmitter Line and Diplexex Loss - 3 db
Transmitter Antenna Gain V 0 db
Space Loss at 1500 Nautical Miles; F = 225-240 mc - 148 db
Polarization Loss - 3
Fading Margin - 6 db
Receiver Antenna Gain ' + 15 db
Tracking Errors ' - 24db
Receiver Line Losses ' o - 2db
Siganl at Receiver Input - 111 dbm
Receiver Noise for 300 ke bw, 5 db N.F. - 114 dbm
L-F Signal to Noise - _ ' ' & db
A-3
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APPENDIX A-4
TELEMETRY TRACKER LINK CALCULATION

Transmitter Power Output + 39 dbm
Transmitter Line and Diplexer Losses - 3 db
Transmitter Antenna Gain 0 db
Space Loss at 1500 Nautical Miles; F = 225-240 mc - 148 db
Polarization Loss - 3 db
Fading Margin : - 6 db
Receiving Antenna Gain + 31 db
Conical Scan Loss - 34db
Receiver Line Loss . - 2 db
Signal at Receiver Input ' - 95 dbm
Receiver Noise for 300 kc bw,5 db N.F, -~ 114 dbm
I-F Signal to Noise . 19 db
A-4
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APPENDIX B
EQUIPMENT MODIFICATIONS

B.1 General

A good_portioo of the Discoverer equipment, as well as the system
a8 a whole, is of a prototype naturé; also, the time elehent of Discoverer
implementation did not permit complete equipment integratioo prior to
installation. Because of this, continued engineering effort and opera-
tional experience resulted in the deveiopment of numerous modifications
to improve equipment and system performance.

A liating and description of those modifications proposed and engi-

' neered by Philco is included in this appendix.

During the fourth quarter of fiscal year 1960, a general philosophy
evolved which limited further Diacoverer equipment modifications. The
subsequent modifications that are to be considered, will be, generally,
those that are mandatory for adaptation to a new program requirement,
Modifications that wmerely improve operating efficiency or refine equip-
ment capabilities generally wili not be included. This regulted in
cancellation of some proposed modifications.

Work on some modifications has been stopped pending IMSD review.'
It is anticipated that work on these modifications will be resumed be-

cause of the advanced status of the engineering and procurement.

B-1
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B.2 Discoverer Modification Descriptions
= ———————==tatlon Descriptions

RP-01 Tri-Helix Signal Strength Modification

remote indication of telemetry receiver signal strength on
tri-helix control rack.

RP-02 Power System Modification at Hawaii

Replace interim power transformers and switchgeér at Hawaii
transmitting area with permanent weatherproof items.

TP-03 TIM-18 Ground Safety
Improve the safety features 6f the TIM-18 to provide adequate

Protection to personnel Performing maintenance and calibration
of the TIM-18 telemetry tracker.

RP-04 TTU Modi fication

Modify timing terminal units as described in EE Co. specifi-
cation, "Modification of Timing Terminal Unit ZA-22247", to
improve operation under conditions of excessive telephone
line noise, :

RP-05 Countdown System Engineering

Furnish the éngineering >aetvices required to complete ip-
stallation ingtructions for the "Countdown Timing System"
at VAFB. The instellation instructions will consist of:

1. Installation drawings
2. Installation instructions

3. Bill of Materials required to complete the installation.
RP-06 - TTU Power Supply Modification

Modi fy timing terminal unit power supply in accordance with
EECo Drawing #A23693 to filter 117 v ac 1ine input,

RP-07 Diesel Engineering Services (ANNETTE)
Provide engineering gervices required to:

1. Complete minor overhaul of 5 Cumming diesel enginesg,

required,

2. Supply additional maintenahce, tools, and components
required for diegel engine maintenance.

RP-08 Verlort Air Condi tiémer

Design and ingtall g mechanism for extending and retracting
the Keco Industry Model F-1la air conditioner in the Verlort
radar van., 4 screw type jack is reécommended by J, Harding,
Range Operations. After g succesgsful Prototype has been
developed and ig operational, 5 additional unitg will be
fabricated for installation at all IIA sites.

B-6
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RP-09 Auto Tracking Status Indication

Modify RU-406 and RU-310P Verlort radar units to provide for
automatic indication of tracking status on SS/H Shift Super-
visor's Console,

RP-10 26-1/2 Foot Radome Installation

Install 26-1/2 foot rigid radome on existing Verlort radar

at Hawaii. Modify existing 18' x 18' stee] platform on radar
structure to permit 19' 1g* diameter base of radome to be
installed. Brace radar structure by installation of 4 up~
right supports to 4 corners of platform structure.

RP-~11 Emergency Power Study

Pexrform engineering study of existing auxiliary power systems
to determine modificationsg necessary to insure capability of

and preserve, radar tracking data in digital form in the
event of primary power failure,

RP-12 Tri-Helix Synchro Reference and Rotator Brake Modi fication

Install synchro reference and rotator brakes on tri-helix
antenna systemsg per Sentry Engineering memo, subject;
"Synchro Reference and Rotator Brake Modification for Tri-
Helix", dated 16 February 1959,

RP-13 Interim Development Control Center, Palo Alto
Not applicable to tracking stations,
RP-14 Aupli fier Muting Relay

Provide the installation engineering for replacing the paging
amplifier muting relay with an Iron Fireman Type R-408-B-1K
relay at Vandenberg, Hawaii, and if not completed, at Mugu.
The new relay is required to provide more sensitive operation
vwhen the Paging amplifier 1g included as part of a conference
connection. The amplifier to be modified is part of the
Kellogg-Select-O-Phone operational communications system.

RP-15 TLM-18 Boresight Beacon

Modify and reinstall the TIM-18 Boresight Beacon at Vanden-
berg and Hawaii. This wodification will include:

1. Replacement of R-67, 15K bleeder resistor.

2. Add a 1/2 amp fuse to the input g-c power leads.

3. Provide a 8eparate weatherproof a-c power connector for
a8-c power input,

4. Mount an r~f attenuator internally in the r-f output
cable, :

B-7
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RP-16

RP-17

RP-18

RP-19

RP-20

RP-21

RP-22

RP-23

RP-24

PHILCO

WDL-TR1394

Convenience Outlets:

Provide engineering and installation for convenience outlets
on Milgo-supplied racks at all locations for the operation
of test equipment., If possible, both twist 16ck and yn
type grounding receptacles providing 115 volts a-c should
be provided.

Lift Off Tone Oscillator

Engineer, Procure, and install a 11ft off tone oscillator
in the VHF Building at Vandenberg. The tone is to be con-
trolled via a telephone pair with 24 volts d-c applied at

the block house. :

Telemetry Amplifiers

Prdvide, engineer and ingtall line-dfiving amplifiers for
telemetry readout. The line amplifiers will consist of

Interference Survey Site #6, Location Philco WDL.
Not applicable to tracking stations.

Modification of Verlort for Simultaneous Nutation and Raster
Scan

Install jumper between terminals #4 and 5 of TB-430102 to

. provide nutating power during raster scan mode of operation.

Verlort Two-Pulge Modification

Scanner/Programmer Modification

Modi fy scanner/programmer ag required to prevent damage to
R25 and K-10 when equipment ig transferred from "operate"
to "standby" condition with stepping relay stopped on
Step 19,

TTY Terminal Modification

Provide andinstal} switches for by-passing selective calling
and cryptographic (131B-2) facilities vwhen required for
equipment testing and line monitoring. '

Installation of VHF Direction Finder :

Prepare drawings and specifications for installation of
VHF Ditrection Finder equipment at Kodiak Station.

GOVERNMENT & INDUSTRIAL GROUP
WESTERN DEVELOPMENT LABORATORIRS
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RP-25 ~ Test Point Modification, D/TT Converter

Modify wiring to pins #45 and 50 of test jack strip J-2 to
provide convenient means of checking operation of line flip-
flop, parity flip-flop, teletype reperforator and local
teletype line,

RP-26 R-1162 Synchro Reference Voltage Modification

Provide automatic switching of the synchro "r" leads to
console power in case of loss of the reference voltage
from the transmitter area.

RP-27 . Verlort Elapsed Time Meter

Provide and install an elapsed time meter on the wain power
circuit of the Verlort radar for maintenance scheduling and
religbility studies. Subject meter is to be located above
the door on the front panel of Junction Box, RU-347E.

RP-28 Command Tone Recording

Provide and install a resistive mixing network for recording
comnand tones, launch closure TIF computer tone (Mugu only),
and binary time code word on Channel #6 of the radar van
recorder, -

RP-29 Launch Pad #5 Intercom

Engineer and install a fifteen station, ten channel, inter-
communications system on Sentry Launch Pad #5 similar to
that currently is use on Launch Pad #4, Equipment require-
ments are described in WDL-SW-1082, dated February 17, 1959,
and WDL-PS-1122, dated February 18, 1959, which should be
used as guides for system engineering.

RP-30 Doppler Receiving’ Equipment Installation, Telemetry Ship

Accomplish temporary inétallétion of following items of
Station ‘6 Doppler Receiving and Doppler Checkout Equipment
on MSTS Ship, "Joe E. Mann,"

l. Motorola Phase Coherent Receiver

2. Lambda Power Supply, Model C-280

3. Hewlett-Packard Counter, Model 524BR

4, Hewlett-Packard Digital Recorder, Model 560AR

5. Hewlett-Packard Low Frequency Function Generator, Model
202AR : '

6. Tektronix Oscillograph, Model RM-45

7. Boonton Signal Generator, Model 202F.

8. Equipmeént Rack for items "5" through "7",

RP-31 Tape Recorder Doors

Provide and install windowed doors to cover the tape recorder

section of the D/TT converters and acquisition programmers
for dust protection.

B-9
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RP%32 Additional Calibration Equipment : _ 4
Procure additional calibration equipmentnfor data transmission

RP-33 . Verlort Recorder Amplifier Tube Shield Modification.‘

RP-34 Iﬁtertm Doppler and SSB Inatallgtion--“King County"
RP-35 Relocation of Verlort Radar faldwin Programmers

RP-36 Modification to Record Doppler Signal Strength

of hum and noige componentg tg recorder and Provide signa}
Strength integration, '

RP-37 - Verlort Support Structure Hedte;s

RP-38 Event Recording Clock

Prepare design and detailed cogt estimate for fabrication of
two simijgyr event recording clocksg to be installed at, the
"Van" Tracking Station Per requirementg outlined in eénclosure
to F. Hawkinson memo, Subject: "Event Recording Clock," dated
April 6, 1959. fThig E.0. authorizeg design Services only,
Procurement and fabricating Costs will be authorized by

Separate E.Q, subsequent ¢, formal authorization to Proceed

i : B-10
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RP-39 88/G and 8s/1, Display Console

Install new console section and associated equipment to pro-
vide display of S$S/G and SS/L information adjacent to the
vehicle command control console at Vandenberg, Hawaii, and
the two Alaska stations. The ‘equipment except installation
hardware will be provided by the data handling section.

RP-40 Doppler Receiver Counter Output Circuit Modification

Design, procure and install a wodification kit for the
Motorola Phase coherent Doppler receiver to improve compa-
tibility between receiver output and Dymec DY-5182A-1
counter input circuits. '

RP-41 Dopbler Boresight Beacons

Accomplish installation engineering and physical installation
of boresight beacons for VHF Doppler receiving system.

RP-42 Baldwin Encoder Test Jack Modi fication

Install test jacks for monitoring pulse input, pulse output,
+800 volts and +28 volts on front panel of Baldwin encoder
power supply. '

RP-43 Plotting Board Signal Terminations

Modify MCC and plotting board wiring to accomodate latitude
crossing panel. Accomplished by vendor.

RP-44 Plotting Board Installation Mugu

Complete installation of d-c data circuita.between Data Van
D/A Converter and Radar II plotting boards in Administration
and Control Van. '

RP-45 Telemetry Tracker Indicator Modification

Remove existing angle indicator panel and replace with Milgo
supplied servo amplifier indicator panel.

RP-46 Tri-Helix Indicator Modi fication

Install tri-helix servo indicator conversion kit and assoicated
servo amplifiersg,

RP-47 Verlort Boresight Camera
Install boresight camera on Verlort rqdars;
RP-48 X-y Reqorder Modification

Modify X-Y recorder servo amplifier E15A31A and servo supply
E15A72A as required to provide additional circuit protection
and improve reliability, Modification consists of the re-
Placement of six resistors and eight semi-conductor diodes.

B-11
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RP-49 " Timing and I.ﬁtitude Crossing Pulge Modification

Modi fy timing and latitude crossing pulge unit to prevent
interaction between timing relay K-1 and collector supply
voltage to. timing section and latitude crossing section.

RP-50 Master Control.COnsole Blower

onsole to reduce high ambient temperature of air
‘surrounding transistors in vce module. ‘Provide intake or
exhaust blowerg and/or additional air baffling as required,

RP-51 Weather Instrument Shelters

RP-52. Communicationg Panel Modi fication

Modi fy communications panel to provide for individual releasge
of parties from conference network. Pregent mode of opera-
tion with common "release key" results in necessity for re-
establishing conference each time one or more parites

desires to be released from network, -

RP-53 Communicationg Panel Expansion (Hawait)

RP-54 System Time Clock - Hugu Communicationg Van

System time only,
RP-55 Tri-Helix Indicator Wiring Replacement

Replace microswitch wiring in tri-helix indicator unit with
“wire of increased durability to preclude fatigue breaks and
insulation breakdown .

RP-56 Emergency Power Unit Mugu Timing System

Accomplish necessary engineering for instailation of 30 ke
mobile power unit adjacent to instrumentation van to be
utilized ag backup power for the dual timing system only,

RP-57 Milgo Maintenance Tray Modification

B-12
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RP-58

RP-59

RP-60

RP-61

RP-62

TP-63

RP-64

RP-65

RP-66

PHILCO

WDL-TR1394

Verlort Radome Windows

Design and install one radome window for testing and opera-
tion of the Verlort radar boresight camera,

X-Y Recorder Modification

I
Recorders to improve reliability of gervo wotors and facili-
tate maintenance of inkwells, '

Camera Installation (R~1162)
Insgtall boresight camera on R-1162 telemetry trackers,
Tape Transport Modi fication

and acquisition Programmer to provide for control a-c-line
power independent from associagted equipment.

Telemetry Tracker Carrier Relay Modification

Replace R-2201 in both r.f amplifiers with 30K resistorg to
increase sensitivity and adjustment range of "carrier relay",

Digital Display Equipment Modi fication

Install noige elimination kitg on the Beckman digital time
display unit, '

Synchro Reference Modification

Modify synchro reference power distribution system to elimip-
ate presence of "hot 1lineg" within tri-helix control rack
and A&T console when a-c line power switches for subject
units are in "gppw position. ‘

Synchro Line Amplifier Modification

Modify the exigting Milgo synchro line amplifiers to convert
from reverged Phase to direct phase amplification of synchro
system control signals and to Present a high degree of system
data line isolation. : '

B-13
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RP-67

RP-67A

RP-68

RP-69

RP-70

RP-71

RP-72

RP-73

PHILCO
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Passiﬁe Tracking Modification Kit ‘ )
This.modification'prbvides for the selection of either the

- @utomatic range tracking gate or the beacon video return,

to trigger the early ‘and late track gates. This in turn
wakes the angle track gate. The video in the remote video

Quality Bit for Passive Track

Provide an additional punched "quality bitn on the telétype
tape output of the D/TT converter when the Verlort ig in
the 'pagsive track" mode of operation. '

Verlort--Instaliation of Anti Beacon-Capture.Circﬁit

The anft beacbn-capture circuit'allowa the gated beacon
video signals to reset a free running phantastron circuit,
1f a_selected number of gated pulses are missed, the phanta-

magnetrorn approximately half 2 PRF cycle early,

Vérlort--Addition of Range Simulatqr

This modification wilg Provide a pulge ¢o the' "S" bang
signal generator (HP Mode] 616) which moves -out in time at
a time rate of UP to 20K yd/second. The r-f signal . from

‘the HP-616 is feq into the duplexer and g target {s simulated,

Verlort--Recorder Standard Channelization_

Provides standard channelization of existing functiong in the
8ix and 30-channey Tecorders and addg several new channels,

Verlort—-cround Beacon Radar Verification

Provides display-fucility for local monitoring of command
relay operation in an S-band beacon mounted in and integrated
by the Verlort, Hardware provided.

Verldtt-~Verlqrt Wave Guide Variable Attenuator_(VTS)

15 Command Control Relay Unit

Provide Discoverer-to-ﬂlded switching of the KY-94 coder ig-
puts. Also Provides relay repeaters for the Radar tone verij-
fication 1lineg, Switchover of the Ky-94 command -inputg jg

accomplished by switching +300 volts (provided by the-coder)
from the yce to the 15~command Panel,

B-14
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RP-74

RP-75

EC-92

EC-93

EC-94

EC-95

EC-96

EC-97

PHILCO
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Tone Tell-Tale and Re-entry Selector Indicator Lights for
"L" Timer Panel,

independent of the telemetry decommutators. Upon receipt of
8 command verification tone, telemetry circuits provide a
relay closure completing the 28 volt DC circuit to the
appropriate tone tell-tale indicator on the "L timer panel,

The reé-entry selector indicator Provide a NORMAL indication
when the external +28 volt DC supply is turned on, until g
signal on telemetry channel 16 activates a relay in the "1" .
timer chassis, At this time, the NORMAL light is turned off

. and the ALTERNATE light‘is turned on,

VCC Rehabilitation
Rewire agll relays and switches in the command panel.
Verlort--Elevation Servo Sensitivity

Change in the torque limiter so that elevation servo sengiti-
vity is the same as azimuth sensitivity, This simplifiesg

‘alignment and trouble-shooting Procedures,

Acquisgition Progremmer--Output Control Circuit

By-pass control relays so that acquisition Programmer is
always connected to the C/P converter.- :

VCC~~Command 4 Verification Lamp, Lock-on Disconnect

Modi fication to Command #4'vg;ification lamp {ndicator to
momentarily flash, approx. 1/2 second, from g continous
lighted lamp indication upon verification. This requires
disconnecting ground wire from relay K-216A, terminal 6.

X-Y Recorder--TIM-18 Tracker Pre-Plot Capability

Acquisition Programmer--Addition of Time By-Pass and Coast
and Normal Switches and Lamps

Addition of time by-pass switch for maintenance and algo to
allow run through on an "operation” if necessary. Not appli-
cable to Vandenberg,

X-y Recorder--Pre-pPlot Pen Control Mod.

Addition of repeat relay in plot board in lieu of direct
control of the +300v by the acquisition Programmer, ag it

is inadvisable to have the +300V in the inter-area telephone
cable, '
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EC-98

EC-99

EC-100

EC-101

EC-102

EC-103

EC-104

EC-105
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Tri-Helix--Antenna Stowing Mechanism

Installation of straps and angie brackets to provide antenna
stowing mechanism. No applicable to Vandenberg.

VCC-~Interchange of Commands 2 & 4

Provide increased insurance for stepped command of vehicle
timer period, the tone assignaments of commands #2 and #4

were interchanged. Command #2 (formerly tones A & C) will
be tones B & C and Command #4 (formerly tones B & C) will

be tones A & C.

VCC~-~Command 3 Modification to Insure l-Second Pulsed
Commands ) : .

Modification of Command 3 circuit;y.to insu:e & l-gecond
duration pulge when Command 3 is depressed, and when
Command 3 is held down, a repeated pulse of l-second dura-
tion spaced at l-second intervals is transmitted, :

Re-installation of Original TIM-Trackér Indicator Panel

Installation of the new Milgo Bug Indicator Panel has
provided a complete spare indicator panel which is installed
in Rack #4 and connected to the 36:{ or 1:1 synchros, as
desired, installed in Az & El synchro gear boxes. This pro-
vides numerous. operational advantages, '

Modification to Provide 24-hour Automatic Recycling

Digital time display system--modify both the recycle and
alamm functions of the system time word to a 24-hour period,

Dual timing System--modify to recycle the accumulator after
& count of 21,600 4-gecond intervals.

Slave Bus Azimuth and Elevation Indicator

Conversion of the existing tri-helix aztﬁuth and elevation
signal indicators to double indicators using station spare
components, allowing slave bug data to be presented on the
“CC » . )

Separation of Synchro Reference Source

- Separation of the synchro reference source into three cir-

cuits, each separately fused and switched, to the MCC, tri-
helix, and telemetry-tracker.

Synchro Reference Line Filter at VAFB

Minimize 5th & 7¢th power line harmonics on the synchro

amplifiers.

Install a 300 & 420 cycle series resonant filter across the
synchro reference line gnd & transformer to isolate the
synchro load from the other distribution.
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Replacement of the four Pole pen and arm motors with eight
Pole motors to reduce maximum speed.

4 pole; R112-2B Kearfott
8 pole: R111-21 Kearfott

Power supply voltage will pe increased from a regulated 105
Vv dc to a regulated 150 v dc. This modification will in-
Ccrease the reliability of the camera data recording unit
with regard to neon lamp firing and amplitude of input
signal required, E

Switch Controlled Automatic Insertion of "Q" at End of Data
Teletypejrapes

This modification prbvides for a simple and quick method to
insertAcomputer-required "Q"s at the end of a perforated tele-

-type tape for transmission of tracking data from g tracking

station to IDCC.
This modification is applicable to Kodiak only,

Installation of Analog Data Line Amplifier Program Patch
Board

Modification to Provide a means of Patching the Parsong de-
modulator outputs to the analog data line amplifiers and the
ADLA's outputs to the VCC. This would also provide a meang
of breaking information to the VCC when not in uge.

Analog Data Line Amplifier Model 149, Relay Output Monitor
To provide a convenient miethod of relay output adjustment
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| Bc-li2 ' Installation of Correction Capacitors to c/p Refraction Unit

To reduce system inaccuracies synchro correction capacitors
are added to the stators of the differential generators in
the C/P refraction units. - . : .

EC-113 Modification of Scanner/Programmer to Eliminate'Operational
Errors

Provides for automatic homing of the stepper switch, activa-
tion of the header data circuitry with the equipment fn
"standby" status, and elimination of the data word during
the time that header information is being given to the tape
punch, )

EC-114 Addition of Coax Line Drivers to the Dual Timing System

This modification will Provide 12 additional Coax line

Drivers to the dual timing system at Vandenberg and Hawaii.
The demand for 1pps-4pps and 10pps outputs at these tracking
stations now far exceeds the equipment capabilities. Addition
of the line drivers would take care of thege demands end
provide spares for future requirements,

EC-115 Verlort Antenna Balance Adapter Plate

A new adapter plate was fabricated which is four inches
longer and two inches wider than the original, with the
weight mounting holes shifted two inches toward the outside
to insure clearance and slotted the added four inches to
allow the weight to be shifted. With the new adapter plate
installed, it is not difficult to locate the weight to

obtain a very near dynamic balance of the antenna.
EC-116 Relocation of D-C Amplifier Balance Contxols

Relocate d-c amplifier balance controls to the front panel
for ease in adjustment and to eliminate the requirement to
remove the scale factor for unitg each time an adjustment
is required. : . A '

EC-117 "L" Timer Panel Modification

Convert timer period readout to step counter to allow dig-
play of timer period in numerical step position by indicating
the telemetered position of g l-second and 10-second
stepper switch in the vehicle timer. The period may vary

" from 00 to 99.

EC-118 Test Points, Acquisition Programmer

Installation of test points to facilitate testing and trouble
shooting. ,
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. Versatility in Selection of Range, Azimuth and Elevation

Modes

Provide a more vergatile system for selection of Range,
azimuth and elevation modes,

Active Passive Track Mode of Operation

- The above modification provides 4 wore rapid transfer from
- the passive mode to the active mode of operation. With the

wedification installed the system way have a passive track
with the transmitter on or off. To be utilized at the
inital acquisition.

Regulation and Filtering Improvement, Milgo +28 and +44
Power Supplies

Modification to improve output filtering and voltage régula-

tion by installing new trans former and redesign of regulator
circuits.

IN-24, TN-25 Coupling Modification

Change from direct to capacitor coupling between TN networks
and correct biag levels to reduce failures of IN-24's, TN-25'g
and MN-13'g,

R~1162 Boresight Camers Cover

Provide a moistureproof hard cover to replace the existing

canvas cover not suitable for use with input from dehydrator
unit,

D/A-ZSV Power Supply Cooling, Milgo

To provide blower operation (cooling) to the 25v power supply
during standby or power on conditions. . ’

Discrete Answer Back Arrangement (Kodiak)
Modification will allow each station to have a function to

this. He will transmit 4 "N'"s, conditioning distant station
to "select non Print". The -station letters (CDC list)
(KO-Kodiak) will cause distant machine to verify with:

1. Carriage return

2. Line feed

3.+ Letters

4. Answer back (DI=Kodiak)

VCC Extension Test Cables.

To facilitate maintenance of the individual components of
the Vehicle Comnand Control Unit. By utilizing the appro-
Priate extension test cables, a particular chassis or panel

may be brought out of the console and worked on with power
applied.
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EC-127 VCC Command #2 Interrupt Circuit

Modification of the vec p:ecedenée circuit to prevent inter-
truption of Command #2 during a 1-pps duty cycle. :

EC-128 Verlort and R1162 Reticle Illumination

To provide a simpler and more precise means of adjusting the
intensity of the reticle illumination on the boresight camera.

EC-129 - R-1162 (TIM-18) Antenna Sector Scan Reset Modification

To prevent this large antenna from slewing rapidly when
switched back to the sector scan mode. The amount of slew
would depend upon the amount of stored offset. from zero
contained in the sector scan differential generator.

EC-130. Extended Range Verlogt Radar.

To extend Verlort range to 5,000 miles.

B-20

P H | l. c o : GOVERNMENT & INDUSTRIAL GROUP

WESTIRN DEVELOPMENT LABORATORIES



APPENDIX ¢
INTER-RELATION WITH OTHER PROGRAMS

WDL-TR1394

L1 IR PO,




WDL-TR1394

' APPENDIX C
INTER-RELATION WITH OTHER PROGRAMS

C.1 General

The.Diséoverer C & CS facilities are used in support of other pro-
grams, the most significant of these being the Midas, Samqs and Advent
Programs . Addit;onally, the Hawaii station Supported Tiros I; a detailed
- description of this support is contained in wpL TR-11874A.
C.2 Midas and Samos ' A _

Support of the Midas and Samog Programs include Verlort tracking
and commanding and VHF telemetry and Doppler reception for the past
Midas Phase I ang forthcoming hybrid Midas and Samos flights, 4 detailed
des_-cript‘ion of Midas Phase I is contained in WDL TR-1184. Detailed:
description of hybrid Midas operations 18 contained in WDL TR-1416 and
of hybrid Samos in WDL TR-1390. Support of theag pPrograms required or
will require certain modifications and augmentation of the basic
Dibcoveret equipmént. The major modifications are:

@. Extension of Verlort range to 5,000 miles at all stations in
support of hybrid Midas flights, T

b. 1Installation of 8 Hybrid Data System for the exchange of
Discoverer and Samos cynchro position slaving data at VAFB..
A digital slaving link between the Verlort and the D/R antenna
is presently planned for NBTS,

c. Installation of 15-command panels at VAFB and Hawaii to expand
the Verlort command capability from 6 to 15 commands in support
of Midas Phasge I. These same 15-command panels, wodified to
permit a variable, "long command”, will be utilized in support
of hybrid Samos flights for transmission of auxiliary real time

commands (ATCsy ag backup for -ynp commands on payload and data-
link functions, '

C.2.1 Verlort Range Extension

Action ig being taken_(EC-130) to extend the maximum trackin
capability of the Verlort radar from 2,300 miles to 5,000 miles to per-
mit tracking of high altitude Midas flights. The extendgd range modi fi -

cation involves the following chqnges in Verlorte characterisitics:

4. Incorporation of a fourth pulse-reéurrent frequency of
approximately 630 cps for either automatic or manual
selection., The 630 PRF represents a division ratio of

c-1
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130 from the 82-kc timing oscillgtor, The additional‘

pulse recurrence frequency is required to eliminate
interferqpce between transmitted ang received pulgeg,

of approximate range to permit selection of any 2,500
mile portion of interest, ‘

range. The rundown slope of the strobe sweep generator
is reduced 8PProximately hayf to compensate for the
doubling in sweep time,. . ,

c/P Converter, Changing the Veeder-Root counter drive
8€ar 8o that the counter ig capabile of reading 9,999
K yards, Change range output synchro drive gear to
increase range of unit,

‘D/TT Converter, Changing the wiring between the Verlort
the

range encoder ang D/TT converter so that the most

8igni ficant range bit is connected to the /1T R range

bit locationvand the least significant bit is cognected

to the R g _Trange bit location, This allows utilization

of 19.p¢ range data providing & maximum range of approxi-

mately 10,224 g yards without changing the resolution
19.53 yards). The Passive track bit is removed frog

the R18 location to the T (zero) location, The T

tion. The required changes in teletype format are
shown in Fig. ¢c-1, This change in format wily require
2 revision i central computer Programming,

MCc. Installing & new range dia] 8raduated to accommodate
the eéxtended range,

Control Rack. changing the Veeder-Root counter drive
===2:10oi Rack
gear to permit the counter to reaq to 9,999 g yards.

P/c Converter, Changing the input circuit of d-c gmpli-
fier Number 1l to Compensate for the new 8ear ratio of
the Verlort range Potentiometer, :
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Fig. C-1 Extended Range Modification Data Word Format LMSD Mod. 17(30130)
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c.2.2 Hybrid Data System

The hybrid dats system (Fig. C-2) Provides intersystem
positional slaving on a semi-automatic basis between the Discoverer
and Samog tracking equipment at the Vandenberg Tracking Station. A

system to aid the respective gystem console operatorg in establishing
optimum tracking and slaving modes, This involves the exchange of
Discoverer slave track data and Samos angle tracker data.

Slaving Discoverer to Samos. A Samos‘tracking status
indicator lamp was added at the Disgcoverer McC tracking status panel
to. provide an indication that the angle tracker is au:omatically'rracking.
Utilization of Samos data 1ig controlled by a "Remote 1" switch Provided
at the Discoverer glave track command Panel. ' Actuation of this.switch
places two-axig angle tracker syhchro‘pooitional dara on the Discoverer
slave.data bus. Discoverer tracking equipment Operators may then use

Slaving Samos to Discoverer, Discoverer glave data is avai]-

able to the Samos system at all times, regardless of any particular equip-
ment tracking status; nowever, the actual decision to use Discoverer
slave data is made by the Samos master control console acquisition.and
tracking operator, baged upon indicationsg and gtatug signals furnisghed

by the hybrid data system. Continuous servo indicator dial displays of

Remote No. 1. On the Samos MCC, if remote slaving of the
angle tracker ig desired, the normal Procedure is to 80 to the Remote
1 condition first. 4 8ystem interslaving logic has been established,
and signals generated, such that if the console ig either in the normal
(no remote slave) or in the Remote )] configuration, the DISCOVERER
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TRACKING lamp will light only if an active track of either the Verlort
radar or the telemetry tracker exists, and that Particular equipment's

Remote No. 2. If no lamp indication ig obtained in the ,
Remote 1 configuration, and a lesser quality of tracking data ig desired, -
the REMOTE 2 button may be depressed. If the DISCOVERER TRACKING lamp
lights when the REMOTE 2 push button switch ig depressed, it indicates

establish a desired intersystem slaving configuration from Discoverer
and are (1) the optical trécker, (2) the acquisition prdgramer, (3)
the tri-helix antenna, (4) the Verlort radar, and (5) the telemetry
tracker, the latter two in the non-automatic track mode.

" If no "DISCOVERER TRACKING" lamp signal {g obtained in either
the NORMAL (No Slave), RRMOTE 1 or REMOTE 2 switch positions, no tracking

€.2.3 15-Command System

The 15-command system (Fig. C-3) expands the Discoverer
command capability from 8ix to fifteen commands. The ground portion
include the 15-commnand Panel, (Fig. C-4) which ig installed i{n vgc Bay
No. 2 at VAFB and Hawaii. Command control is assumed by the 15-command
Panel when' its power switch is activated, The vehicle portion of the
15-command system is identical to Discoverer except for the addition
of & command relay box. ' Thig unit contains the latching relays and
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receive a new command. Four of the remaining pairg are used, one pair
for each digit, to designate to the vehicle equipment the binary equiva-~
lent of the decimal number of the command selected. The sixth pair ig

used for gn execute inétruction; which instructs the vehicle equipment
to carry out the selected commands,

in the order listed above and supply them to the Pulse coder. The pulse
coder generates tones for modulating the command pulgse. Egch control
signal ig usually generated one time for one 8second 1if verified or ig

In-the'telemetry mode, the mode that ig normally used, the vehicle equip-
went transmits g4 verification signallby means of the telemetry 1ink

when a command is received and decoded, Ip the radar mode, the radar
Provides the verification signal, which in this case merely indicateg
that a command is being transmitted,

resulting in g single command of ope second duration, However, other
wodes of execute instruction are possible, I1f desired, execute can be
automatically Tepeated (one second on and one second off) - g Predetermined
number of timeg by use of the step selector, Execute can also be trans-

Provision for automatic éxecution. is made with the vehicle timer reget’
command. When it ig desired to reset the vehicle timer, the reset
command ig manually initiated at some time prior to time-to-reget (TTR) .

witted continuously for 40 Seconds by use of the “long command" mod e,

The TIR clock in the VCC 13 set to automatically generate g signal at
TTR minus 10 seconds to start g ten second counter in the 15-command
Panel control circuit, The éxecute instruction is 8utomatically trang-
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Command Tone Combination Function
1 A&B Execute
2 B&C- Enable 1
3 A&D " Clear
4 A&C Enable 2
5 B&D | Enable 4
6 C&D Enable 8

The binary enabling commands are transmitted sequentially to

obtain the binary representation of the degired "15=-command , "
C.3 Advent ' | .

The Hawaii Discoverer tracking station will be uged in support of
the secondary tracking station requirements of the Advent Tracking, Tele-
metry, and cbmmahd Sub-System (TT&CS). 4 complete description of the
TT&CS is contained in WDL TR-1386. The TT&CS performs the fqllowing
Advent program functiong: )

8. Provides accurate tracking data in order to determine an

ephemeris with an error compatiable with orbit control
requirementsg.

gency (i.e. failure) cbnditions to provide information about
the space environment, ’

The Hnwuiivniscoverer tracking htatibn equipment planned for utili-
zation in support of Advent are the R-1162 (telemetry tracker), timing,
_and communications systems, B

The R-1162 will be modified to permit dual Discoverer-advent use
with the following capabilities: - ‘

8. Receive and track g right-hand circularly-polarized signal in
the 215-t0-260 me band. with an antenna gain of 28 db,
(Discoverer).

Crl0
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b. Receive and track a 401 (+1.5):mc right-hand circularly
Polarized signa] with an antenna gain of 34 db. (Advent).

€. Transmit at 375 (+1.5) mc at either 100 watts or 20 kw, g

The following modifications to thé R-1162 are being considered to .
Provide the capability indicated above; -

@. Replacing the existing feed with g dual horn with 10-cps coni-

b. Installing a diplexer and band rejection filters to isolate
the 275-pc transmit channe] and the 401-mc receiver channe],

The degired trécking accuracy ig 8 williradiang rmg error unsmoothed
in winds to 50 knots, but the current Practive is to gtow the antenna
when the wind velocity reacheg 35 mph. There is considerable doubt as

The Hawaii,Discoverer timing system can be used ipn support of Advent
TT&CS timing requirements, The need includes a tige index word which is
synchronized with GMT and an &8ccurate and stable set of pulge t;ains.

For communiéations, the existing voice and 60 -wpm circuits to STA
can be used for administration and logigtics, An a&ditional full duplex
60 -wpm TTY circuit to STA will be required for transmission of data to
STA and Teceipt of STA commands., Datg transmitted will be digital -~
azimuth, elevafion, Doppler, and "near real~timev telemetry., The ex-
isting intrastation communications circuit will requirenmodification
and augmentation to support the Advent pProgram,

S c-11

PHILCO | . | WESTUAN DEvE Sruaar L ShouUR



APPENDIX D
'DISCOVERER FLICHT SuMvaRy

WDL-TR1394

TR oy wew ~tva



WDL-TR1394

APPENDIX D
DISCOVERER FLIGHT SUMMARY

The following tabile is a tabulation of the Discoverer flights,
Eccentricities and periods were taken from NASA Space Track Datas.

Digck : . Angle of Height . Height
Flight ;::ECh g:h. (;::::gs) E::::t Inclin‘n‘ Apogee Perigee
No. t ‘ ) y (Degrees) (nm) - (nm)

1/59 1019  No Orbit
1 2/28/59 1022  Pogsible
' Orbit
11 4/13/59 1918‘ 90.43 0.007 89 189 138

IIX 6/3/59 1020 No Orbic
v 6/25/59 1023 No Orbit

V. 8/14/59 1029 g94.5 0.04 80 419 122
VI . 8/19/59 1028 s 0.05 85 " 470 98
VII  11/7/59 1051 94.5 0.0492  go.7 453 88 -
VIII  11/20/59 1050 103.65 0.1005  80.6 - 903 110

IX 2/4/60 1052 No Orbit
X 2/19(60 1054 No Orbit

XI ° 4/15/60 1055 92.3 0.03 80.4 o322 103
XII 6/29/60 1053  No Orbit o
XIII  8/10/60 1057 94,13 0.03279 82.85 382 140
XIv  8/18/60 1056 94,54 0.0459 79.65 442 102
Xv 9/13/60 1058  94.23 0.0405  80.90 414 114
XvI 10/26/60 1061 No Orbit
XVII 11/12/60 1062 96.45 0.05785 - 81.86 539 104
XVIII  12/7/60 1103 93,81 0.03326 80.82 375 130
XIX 12/20/60 1101 92,98 0.03105 82.80 345 117

* NOTE: Discoverer,Flight

Flights v, VI, VII, XI, xv Capsule not recovered

Flights XIII, XIV, XVII, XVIII Capsule recovered
Flight x1x No recovery attempted
D-1
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