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1. INTRODUCTION

The STDN Ranging Equipment operates in conjunction with other ground station equip-
ment to provide precision range and doppler measurements for a wide variety of
cpaceborne vehicles. Operating with vehicles carrying an S-band phase -locked
transponder, the Ranging Equipment provides unambiguous range data at distances
greater than 500,000 k-lometers, and nondestructive doppler data for carrier doppler
frequencies up to 230 kHz. The system is designed {or vehicle dynamics of over
15,000 meters/sec and 150 meters/sec/sec. The rancing system employes sinusoidal
modulation and sxtremely narrowband processing techniques to provide high accuracy
range data with low received signal strength.

1-1/1-2



2, DESIGN SUMMARY

S| SYSTEM OBJECTIVES

't ne Ranging Equipment (RE) described provides the NASA Spaceflight Tracking and
Duta Network (STDN) with precision ranging und carri.-r doppler measurement capa-
biiity for spacecraft. ' ‘his equipment provides ranging determination for spacecrafi
up to greater than 20, 100 kilometers and data for range rate determination for
S-band carrier dopp.er shifts up to £230 kHz correspording to range rates up to
15,300 meters/sec.

The equipment:
e Provid.s range data to an accuracy of 1.0 meter rms with a resolution

of 0.15 meter

o Provides nondestructive carrier doppler data to an incremental accuracy
of 0.01 cycies rms with a resolution of 0,001 cycles

o Provides rapid automatic acquisition
e Provides display of range and doppler data
e Provides self-test features for calibration and maintenance

e Is fully compatible with existing and planned spacehorne and ground-
based equipment



BIASED CARRIER
DOPPLER FROM

DOPPLER EXTRACTOR RATE AID
SYNTHESIZER
RATE AID | PHASE DATA MULTIPLIER
(POM)
MAJOR RANGE
TONE FROM
MAJOR AANGE 500 KHZ
DEMODULATOR
EMODUL TQNE TRACKING Lp(s  Pher —{ 1PF —ad veo
FILTER (PLL) 150HZ \/-
l f L
MINOR RANGE 20KHZ < 40 MHZ
TONE FROM l +50 HZ| 2000 [ +100KH2
DEMODULATOR RANGE
TONE
PROCESSOR I
480 KH2 REF
REF DIGITAL 500 KHZ
RANGE SOUARE . AVE L_:> DISPLAY
—»{  TONE ———=" DATA
EXTRACTOR 10 PPS N
]
RANGE \DRTE) RANGE
SIGNA AL ARC "LOCK
GENERATOR LOCALARCTLOCK | COUNTER
RANGE e—
TONES REF PULSE DATA
& ARC LOCAL »
A oemme | ARC
T0 GENERATOR
EXCITER
TRANSMIT ARC REF PULSE
10 PPS
READ

PT0038

Figure 2.2.1-1.

2=2

Ranging Equipment, Range Measurement Concept,




2,2 MEASUREMENT CONCEPTS

2.2.1 RANGE

The ranging system (Figure 2. 2,1-1) employs a harnionic tone waveforrm, cor. ned
vith an ARC (Ambiguity Resolving Code), and uses phase delay measurement tach-
niques for range determination. Each output range value is independent of previous
values and is an unambiguous measure of total phase d:lay in units nominally equal
to 0.15 meter. Each output range value corresponds 10 the instantaneous phase
delay of the major range tone at the time specified by the output data time tag within
+25 nanoseconds. (Major range tone signal flow is further illustrated in Figure
4,7,2-1.%)

Rate aid signals, derived from the carrier doppler, re used by the major range
tone tracking ci ‘cuits to:

e Minimize initial phase lock acquisition time
e Minimize loop phase lag errors due to signal dynamics

o Allow use of very narrow bandwidths to reduze receiver noise errors.

Minor range tones and digital phase matching techniques are employed for resolving
cyclic ambiguities of the major range tone. A nseudo-random ARC is employed for
resolving ambiguities of the lowest frequency (10 Hz) minor range tone. The minor
range tones or the ARC subcarrier are used to modulate the carrier during the range
ambiguity resolving process, but all baseband powrr is concentrated in the major
range tone during the period of accurate ranging after ambiguities are resolved.

A third-order PLL (phase lock loop) is used as a tracking filter for the major range
tone. A rate aid signal is supplied to the PLL to permit the use of a very narrow
loop bandwidth without causing excessive lag error duc to signal dynamics.

The rate aid signal is generated by a rate aid synthesizer using a biased carrier
doppler signal and system reference signals. The input/output doppler ratio of the
rate aid synthesizer is sclectable to provide sufficiently accurate rate aid over the
assigned range of carrier {requencies,

The phase difference between the transmitted range tone and the filtered output of
the PLL at 500 kHz is translated to 20 klHz for tine phase measurement using a
PDM (Phase Data Multiplier).

*For convenience bound in A}« ndix A.



The instantaneous pkase difference between the 20 kHz reference and data signals is
contained in the +2000 scaler in the PDM at tl = time of axis crossing of the 20 kiz
reference signal. For actual dota output, however, this instantaneous phasc dat=

is obtained through a separate +2900 counter which is synchronized to the 20 kHz PDM
input signal.

The scaler count is read out to a buffer to be formatted for display and for external
use. Phase delay is obtained as the ratio of the incremental count m, divided by
the counts per cycle M, and is directly convertible to time delay as:

t, =T (m/M)

Where:
tv = Vernier time delay value

T =2x10"° sec, the period of the 500 kHz rance tone
m = Count value
M = 2000, the counter scaling ratio

The range increment size is given by T/M and is 1 nanosecond (nominally 0. 15
meter). )

A count of integer cycles of phase delay of the 500 kHz range tone is obtained by
readout, at 10 pps, of the contents of a +50,000 counter which operates on the 500
k™Iz square wave used in the Digital Range Tone Extractor (DRTE) and which reseis
at a 10 pps rate in synchronism with the DRTE.

The ambiguity interval of the delay data is extended beyond 0. 1 second (correspund
to the 10 Hz range tone) by recadout of the difference in phasing of the transmitted
and local Ambiguity Resolving Codes.

The combination of whole ¢yele count and incremental cycle count is provided in

one output data word which gives a round-trip range tone delay value with a resolution
(increment size) of 1 nanosecond and which is unambigiov to 6.3 seconds (ap-
proximately 959,000 km),

Each output is "on time" and independent of all other sampled range values,

2,2.2 DOPPLER

The doppler data system counis i..cremental cycles of carrier dopgier (in 0.001
cycle increments) and pronvides a non-destructive on~time readout of the



instantaneous accumulated count. This proviiles non-destructive doppler data with

a uniform 0. 1 second sampling interval.

mulated for 156 minutes at the maximum doppler.

Dopg..e” counts can be continuously accu-

The doppler date system (Figure 2. 2, 2-1) accepts an arbitrarily biased doppler
signal from the MFR (together with reference signals from the exciter and MFh
synthesizer and from the system frequency standard) and provides an output doppler
signal with a 70 MHz bias. This output-bias-plus-doppler signal is translated o

a 1,0 MHz bias frequency and then tracked b, i phase lock loop which acts as phase
data multiplier. The resultant bias-plus-multiplied-doppler signal, which is
available at the input of the + 250 counter in the PDM f{cedback circuit, is then trans-
lated to u new bias frequency at two nhases separated 90°. The two phases of the

60 MHz +57.5 MHz data signal are then employed in a high-speed counter for read-
out and display. The two different phases allow digitizing in 1/4-cycle increments.
This 1/4-cycle incremeniing coupled with the prior mulliplication by 250 provides an

overall resolutio: (increment size) of 0.001 cycle of the input data,

(Total overall

system frequency coherence and signal flow is further {llustrated in Figure 4.1-1.)
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2.3 SIMPLIFIED FUNCTIONAL DESCRIPTION

Utilizing the measurement principles described previously, the STDN Ranging
Equipment has been configured into a system as shown in Figure 2.3-1.* This
system is basically comprised of the following functions:

e Fixed Frequency Synthesizer

e Range Measurement

Doppler Measurement

e Test Simulator
Range Simulator
Doppler Simulator

e Interface/Control

These functions are described below; a detailed description of the implementation
of these functions is given in Paragraph 3. 2,

2.3.1 FIXED FREQUENCY SYNTHESIZER

The 5.0 MHz station frequency standard in the Station Timing System is used to
derive all the reference signals required within the Ranging Equipment. The 40
MHz output from the Fixed Frequency Synthesizer is used to generate the range
tones and also a 400 KHz reference signal from the Modulation Combiner. The
reference signals generated within the Fixed Frequency Synthesizer are used to
derive both range aud doppler data and also to provide the synthetic signals for
simulation of the equipment. Using 5 MHz station {. cquency standard to derive
both the reference frequencies and range tones provides frequency coherence with
the Station Equipment.

2.3.2 RANGE MEASUREMENT

The range measurement equipment which is essentially the equipment on the left-
hand side of the block diagram (Figure 2.3-1), performs two basic functions:

¢ Range Signal Generation
® Range Determination

The 10 pps timing pulse from the Station Timing System is used to synchronize
these functions.

*For convenience bound in Appendix A,




2.3.2.1 RANGE SIGNAL GENERATION — The range signal generation equipraent,
comprised of the Range Tone Generator, Transmit Ambiguity Resolving Code (ARC)

Generator and Modulation Combiner, produces the signals and the modulation wave~

form to the Station Exciter necessary for the unambiguous measurement of range.

From the 40 MHz reference signal the Range Tone Generator derives the major
range tones at 500 kHz, 100 kHz, and 20 kHz; the minor range tones at 4 kHz,
801 Hz, 160 Hz, 40 Hz, and 10 Hz; and generates a separate 500 kHz and 100 kHz
signal used in the Modulation Combiner to provide a 400 kHz reference signal.
The 10 pps signal from the Station . iming System is used to synchronize a data
read-cut control wiihin the Range Tone Generator and distributed to the Transmit
ARC Generator, the Range Counter and Doppler Counter.

The ARC Generator provides 1023 bit pseudo~-random code sequence at 160 bits per
second. It proi‘des an output pulse at the start of ¢ .ch transmitted ARC cycle for
synchronization f the Range Counter and provides a 10 pps signal to the Local ARC
Generator for it.- synchronization.

The Modulation Combiner performs the functions of:

1. Complementing all minor tones below 4 kHz onto the 4 kHz
2. Modulation of the 4 kHz tone, when required, with the pseudo-random ARC

3. Combining selected range tones and/or the subcarrier for use by the
exciter to modulate the transmitted carrier

4. Generation of a 160 Hz ARC clock signa!

5. Generation of a 400 kHz reference signal.

2.3.2.2 RANGE DETERMINATION — From modulation present on the Multi-
Function Receiver (MFR) 110 MHz intermediate frequency signal, target range
is determined, displayed on the Ranging equipment console, and transmitted in a
32 bit format .o the Station Tracking Data Formatter. The Range Demodulator,
Rate Aid Synthesizer, Range Tone Processor, Phase Data Multiplier, Digital
Range Tone Extractor (DRTE), Local ARC Generator, and Range Counter make
this determination,

The Range Demodulator is used to demodulate and level control the major tones,
minor tones, complemented minor tones and ARC modulated 4 kHz subcarrcier as
received from the IF signal of the MFR. Level control is accomplished using a
coherent AGC technique (based on the major range tone power derived in the Range
Tone Processor) with gain adjustment performed prior to demodulation.



The function of the Rate Aid Synthesizer is to develop signals which consist of a bias
frequency plus approximate major range tone doppler for the Range Tone Proces sor.
These signals are developed by dividing the extracted carrier doppler (from Doppler
Extractor) by a number approximately equal to the frequency ratio of the received
carrier to the range tone frequency. This is used to cancel the frequency uynamics
on the received major tones, thereby allowing the use of very narrowband tone track-
ing filters with small lag errors due to doppler dynamics. This unit also provides a
500 kHz rate aided signal for range simulation purposes.

The Range Tone Processor (RTP) performs all analog operations associated with
acquisition and tracking of the ranging signals. The RTP receives the combined
ranging signals from the Range Demodulator and controls the acquisition and
tracking of these signals using signals generated in the DRTE and the Local ARC
Generator. The RTP employs a rate-aided PLL in tracking the received major
range tone and produces a 500 kHz output signal for use by the Phase Data Multiplier,
the DRTE, and the Range Counter.

The DRTE uses the input 500 kHz tone in the synthesis of the lower frequency range
tones and the 160 pps as a clock for the Local ARC Generator. Phasing of the synthe-
sized signals is controlled by the DRTE to obtain a phase match between the
synthesized and received signals. The DRTE produces a 10 pps signal which is
synchronous with the simultaneous axis crossings of the synthesized range tones.

A reset signal is produced and is used to synchronize the reset of both the Local

and Transmit ARC Generators.

The Local ARC Generator uses the 160 pps clock from the DRTE in producing a
replica of the transmitted ARC., The timing of the syn*hesized ARC is controlled
by a signal from the Transmit ARC. An output reference pulse to the Range
Counter is produced at the start of each local ARC cyele.

The Phase Data Multiplier translates the phase difference between the data and
reference 500 kHz range tones to a set of data and reference 20 kHz signals and
multiplies the resultant data signal phase and frequency &t 2000. The resultant
40 MHz signal is used in the Range Counter to obtain a 500 kHz range tone phase
delay resolution of 1/2000 of a cycle.

The Range Counter generates output range values using clock and reference pulses
supplied by the PDM and DRTE and by the Transmit and Local ARC Generators,
The data output to the Tracking Data Formatter is a 32-bit binary word, while the
output to the operation control panel display is an 10-character BCD word. A

10 pps signal is also sent to the Tracking Data Formatter to indicate the period

of valid data taking.



2,3.3 DOPPLER MEASUREMENT

The doppler measurement is performed by the Doppler Extractor, Doppler Multi-
plier, and Doppler Counter. Doppler data is derived from the selected '"best”
VCXO signal from the Multi- Function Receiver. This data is transmitted as 42
bit binary information to the Tracking Data Formatter and is also displayed on the
operating console of the Ranging Equipment.

The Doppler Extractor and "CO Select are shown separately on the Functional Block
Diagram (Figure 2.3-1) for clarity in explaining their functions. The VCO Select logic
compares the AGC from both channels of the MFR and selects the strongest VCO signal.
The MFR lock signal is used as an inhibit signal in the VCO sele:ct logic in the event
that the MFR-VCO signal selected is not in a lock mode. The Doppler Extractor
utilizes the selected VCO signal, the synthesizer sig ial (160.6-185.6 MHz) from the
MFR and a mul iple of the Exciter transmitted frec uency (F /32 = 63.3-66.2 MHz)

to produce a "'bi 1s-plus-doppler' signal at 70 + 0.23 MHz. This "bias-plus~doppler"
signal is used by the Rate Aid Synthesizer as described in the previous section.

The Doppler Multiplier takes the 70 MHz signal, and using 192 M.z and 69 MHz
reference signals produces a new "bias-plus-multiplied-doppler” at 60 MHz

*57.5 MHz. The signal is sent to the Doppler Counter in two phases separated

90°. This phasing of the signal permits the Dopper Counter to provide an increment
size of 1/4-cycle of multiplied doppler.

The Doppler Counter continuously accumulates a count of axis ¢ -sings of the
bias-plus-multiplied-doppler signal and provides a 10 per secona readout of the
instantaneous cumulative count, including the residual 1/4-cyvle increments. This
provides a combined increment size of 0.90i cvcle of the input doppler. The data
output for external use by the Tracking Dat. Formatter is a 42-bit binary word. A
separate output data word is provided for decimal display of the count accumulated in
a 0.1 second interval. The display is updated once every 0.4 seconds.

2.3.4 TEST SIMULATOR

The simulator, containing a doppler simulator and a Range Simulator, provides test
signals for exercising the Ranging Equipment to verify proper operation. The
Ranging Equipment can be configured, in conjunction with the Test Simulator, to
check oper=ation of all components of the Doppler Data Extractor and the Range
Extractor. Table 2.3.4-1 lists the operating and test modes with mode identification
numbers.

The Doppler Simulator gencrates a set of signals or use in the Doppler Extractor.
Appropriate combinations of these signals and signals from the RE interface are
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Table 2.3.4-1. Ranging Equipment Test and Operate Modes

o ——— s 1 et

MODE NUMBER MODE FUNCTION

1 NORMAL OPERATE

2 BYPASS SIMULATE
a. Doppler and Dynamic Range Test
b. Doppler or Static Range Test

3 NORMAL SIMULATE
a. Doppler and Dynamic Range Test
b. Doppler or Static Range Test

selected for use in the Doppler Extractor for each mode listed in Table 2. 3.4-1.
Signal connections within the Doppler Simulator and Doppler Extractor are changed
as required to obtain the several test modes.

The Range Simulator, comprised of the Simulation Range Signal Generator and

Test Modulator, generates a set of ranging signals (range tones and ARC) identical
to those produced by Range Signal generation (Paragraph 2. 3. 2), but with selectable
static or dynamic delay. Its output signal is equivalent to the output 110 MHz carrier
of the Multi- Function Receiver.

The Rate Aid Synthesizer provides an auxiliary output which provides a source of
properly scaled dynamics for the ranging signals.

2.3.5 INTERFACE/CONTROL

The Interface/Control logic circuitry is used to transfer commands from the Station
Computer tc the Ranging Equipment and to command verification and status monitoring
from the Ranging Equipment to the computer. The Interface,'Control logic alsc pro-
vides Ranging Equij. ment status to the Tracking Data Formatter. Table 2.3.5-1
deiires the cn. mand and control signals from the computer in addition to the other
station eo' ':"ment signals used by the Ranging Equipment, Table 2.3.5-2 defines the
signals ~om the ranging equipment to the station equipment.
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‘rable 2.3.5-1. Station Equipment Signals to Ranging Equipment

SIGNAL FROM T0 CHARACTERISTICS REMARKS
Reference Timing System Rate Aid Synthesizer, | 5 MHz. 0.7 Vrms into 30 Basic Timirg Sigral for Ranging
Dogppler Multiplier, ohm load. Stability - 1 Equipment
Fixed F requeacy mn 109
Synthesizer
Reference Timing System Range Tone Generatorj 10 PPS Timing Signa! for sampling range
“1" =0 w3V M nisee and doppler data
0" = «§ - 0.3\ 2u msec
Risetime - 10 nanoscc
Stable within 3 nznosec
“"On=~Time" -~ positive
going cdge of pulse
Exciter Ready Exciter Control Logic Standiard Logic Level Used to whibit modulation signal
to Exciter
Transmit Fre- Exciter Duppler Extractor Ft/32 = 63.2¢ - 66.25
quency Refercence MH:2
Level: 0 dbm - 2dB
into 30 chms
Reference MFR Doppler Extractor 55 MMz Not used - Signal geverated
Level: =12 dB into 30 within Fixed Frequency
ohms Synthesizer
iF MFR Range Demodulator 110 MMz Carrier for range tones
Level: -83dBm t 2 dB
into 50 chms
AGC -1 MFR Doppler Extractor Level: © to :8Vdc into
1000 chuns
OV = strong signal con- Used for selection of VCXO
dition
AGC - 2 MFR Doppler FExtractor Scc above See above
VCXO-1 MFR Doppler Extractor Freg: 132.1 MHz (nom) Used for S-band doppler
Level: *4dBm 2dB extraction
into 30 ochms
V( X0-2 MFR Doppler Eatractor Sce above See above
Rynthesizer MFR Doppler Extractor Freq. Range: 160.6 to Reprcsents 400-300 MHz if tuning
Output 185.6 MHz. in 2.5 k'z range of receiver in 10 kHz steps
steps
Level: «4dBm 2B
into 30 chms
Lock - 1 MFR boppler Fxtractor standard Logic Lavel Indicates lock status of receiver
<ccondary phase lock loops
Lock =2 MFR Doppler Fxtractor Standard Logic Laoved Sce abme
Resolution Tone Computer Control l.ogic standard Logie Level Selects major tone
Sclect
Start/Reset Computer Control Logic standart Logie Lovel To cnable ranging acquisition
\lodulation Computer Contro! Logic Standard 1 onic Tevel Usce tn series with “Exciter
ON/OFF Ready’ to inhibit output to
Exciter
One-Way/Two- Computer Controi Logic Standard 1 gic Level Indication only
Way Doppler
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Table 2.3.5+2. Ranging Equipment Signals to Station Equipment

SIGNAL FROM TO CHARACTERISTICS REMARKS
Tone Modulation Modulation Com~| Exciter Level 0 to 4V p to p cont. 4 volts corresponds to 3 radians
biner adjustahle, into 50 chms | phase devistion of Exciter
Resolution Tone Modulation Com~| Computer Dry. 1/2 amp closure Status indication regardiess of
Selected biner LOCAL or COMPUTER Control
Start Initiated Control Logic Computer Dry, 1/2 amp elosure Status indication regardleas of
LOCAL or COMPUTER Control
Mmivation ON/OFF) Control Logic Computer Dry, 1/2 amp closure
ARC Use/Bypass Control Logic Computer Dry, 1/2 amp closure
ONE Way/Two Control Logic Computer Dry, 1/2 amp closure
Way Doppler
Selected
Local/Computer Data Processor | Computer Dry, 1/2 amp closur .
Selected Control Panel
Range Acquired Range Counter Computer Dry, 1/2 amp closure  J
RF Ready Control Logic Computer Dry, 1/2 amp closure Status (ndication regardiess of
LOCAL or COMPUTER Control
Range Data Range Counter Tracking Data: 32 bits Standard Logic
Formatter Level
Range Granuler- Coutrol Logic Tracking Data 2 bits Standard Logic Shows position of Resolution
ity (500/100v/20 Formatter Level Tone Selector Switch
kilz)
Range Acquired Control Logic Tracking Data 1 bit Standard Logic Bit is set when all tones have
Formatter Level been acquired and first range
word is ready {>r outputting:
alsc required by Computer
Modulation ON/ Control Logic Tracking Data 1 bit Standard Logic Information also required by
OFF Formatter Level Computer
Doppler Data Doppler Counter | Tracking Data 42 bits Standard Logic
Formatter Level
Doppler Good/ Control Logic Tracking Data 1 bit Standard Logic Bit is set when MFR Lock -1, -2
Bad Formatter Level signal received and Counter is
ready to output. Bit shall appear
on 6 separate pins
One Way /Two Control Logie Tracking Data 1 bit Standard Logic Set by position of One-Way/ Two-
Way Doppler Formatter Level Way Selector Switch
Selected
VCO Change/ Doppler Tracking Data 1 bit Standard Logic \Tust be displayed for 100 mi!l{-
Doppler Bad Extractor Formatter Level seconds from time of fauit. Bits
shall appear on 6 separate pins
Blas plus Doppler Doppler Multi- Tracking Data 1.0+ 0,23 MH2 Temporary usage to satisfy interim
plier Formatter station configuration
Data Available Range Counter Tracking Data 10 pps Indicates period of valid data
Formatter
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2.4 SYSTEM OPERATION

2.4.1 OPERATIONAL CHARACTERISTICS

2,4.1,1 RANGE MEASUREMENT — Range measurement is performed using a
hybrid ranging technique that employs side-tones and a pseude-random binary-
encoded ambiguity resolving code. The available ranging tones are: 500 kHz,
100 kHz, 20 kHz, 4 kHz, 800 Hz, 160 Hz, 40 Hz, and 10 Hz,

Any one of the three highest available tones :1ay be selected as the major tone used
to obtain range data resolution. During ranging operations, the selected major tone
is transmitted continuously and the lower tones are sequentially applied to resolve
range ambiguities. For transmission, the 800 Hz tone is complemented on the high
side of the 4 kHz and thus becomes 4.8 kHz. The thr~e lowest tones are transmitted
double sideband-suppressed carrier using the 4 kHz wone as a subcarrier. This
eliminates modw ation components close to the carrier which could degrade carrier
acquisition and tracking. The lowest sidetone (10 Hz) gives an ambiguity interval

of 0.1 sec, approximately 15,000 kilometers.

An ambiguity resolving code (ARC) having a length of 1023 bits is bi-phase modulated
on the 4 kHz tone. The code bit rate of 160/sec gives a code period of 6.39375
seconds, corresponding to an unambiguous range of approximately 958,000 kilometers.
However, the range word readout size of 32 bits limits the maximum range readout

to 644,000 km,

Ranging signal delay is measured with a time increment size of 1 nanosecond
corresponding to an approximate range increment size of 0.15 meter.

2.4.1.2 DOPPLER MEASUREMENT — Doppler measurement consists of a periodic
readout (10/sec) of a continuously accumulated count of cycle increments of a doppler-
plus-bias signal. Frequency translation and multiplication, provide a reso’tion of
1000 increments per cycle of extracted-carrier doppler.

2.4.1.3 RATE AIDED TRACKING — Rate-aided tracking is used to permit the
using of a narrow bandwidth range tone tracking PLL with severe signal dynamics.

A rate-aid signal is synthesized from the extracted dcppler-plus-bias signal with

a fractional error of 1 part in 17,600, or less. As a result, the PLL bandwidth

can be very narrow to minimize noise error in the output range data without incurring
excessive lag error for range acceleration magnitudes of 150 meter/sec2 or less.

2.4.1.4 ACQUISITION PROCESS CONTROL - The acquisition process requires
phase lock and amplitude lock to the major range tone, the successive application of
minor range tones and the ARC to modulate the up-link carrier, and matching the
locally generated counterpart signals to the returned modulation signal.

2-13



The process is initiated after receipt of exciter ready status from the Exciter and a
phase lock status from the MFR.

The operator can select iptions for controlling the sequence of steps and the integration
time for each correlation of local and returned signals. The selectable options

are: 1) automatic, operator, or computer control of the sequence of application of
tones and ARC; and 2) automatic or operator control of integration time (and the
resultant adjustment) for each correlation,

2.4,1.5 SIMULATION — The Test Simulator provides the means for exercising
the doppler and range data extraction functions of the Ranging Equipment. A static
value of range can be inserted at the control panel for a check of range output data fox
normal signal routing or with the transmitter /transponder/receiver path by-passed.

In addition, a doppler value can be inserted at the control panel for a check of doppler
output data. The resultant extracted doppler signal can be used in the Range Simulator
to obtain cohere .ly related doppler data and change of the range data. In this mode,

a dynamic range is simulated. This can also be accomp’ .hed either in conjunction
with the MFR and Exciter or with them bypassed.

2.4.2 OPERATIONAL SEQUENCE

The basic Ranging Equipment operational sequence for a tracking operation comprises
a preparation sequence and an acquisition sequence.

2.4.2.1 PREPARATION SEQUENCE — During the preparation sequence the major
tone is selected; if necessary the align.nent of minor range tones, and the setting of
the Range Calibration Adjust (zero-set) are checked and adjusted. After completion
of alignment and zero-set operations, the equipment controls are set for initiation

of ranging operations upon receipt of exciter ready and receiver lock status bits.

2,4,2.2. ACQUISITION — The acquisition operations are sequentially performed
either automatically or step-by-step manually, in accordance with the setting of

the Manual/Automatic switch, The acquisition process is initiated with the application
of the selected major range tone to the modulation input of the exciter. The major
range tone modulates the carrier continuously during tracking operations.

As soon as phase lock by the PLL of the Range Tone Processor is achieved, the

first minor range tone is applied, as modulation, and phase correlation between

the received minor tone and the equivalent synthesized tone from the DRTE i8 meas~
ured. If the correlation value is insufficicnt, pulses are deleted in the DRTE scaler
for that tone causing the tone to lag, and the correlation is measured again. The pro-
cess is repeated until in-phase indications have been obtained. As soon as the in-phase
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condition for one tone is verified, that tone is removed from the exciter modulation
input and the next lower tone is applied. The phase adjustment process is performed,
in sequence, for each successively lower frequency niinor tone until all of the minor
tones of the DRTE hrve been matched to their respective received tones.

After acquisition of range tones through 10 Hz has been completed, the Ambiguity
I.esolving Code is applied on its sub-carrier to modulate the transmitted carrier.
Currelation between the local ARC and the received ARC is measured, If correlation
is not obtained, the local ARC is delayed 16 bit positions and the correlation is

again measured. The process is repeated until full correlation of local and received
codes is obtained and verified. Once correlation is achieved, then the ARC modulated
subcarrier is removed from the exciter modulation input and tracking continues with
major range tone as the sole modulator of the up-link carrier. The use of the ARC
may be bypassed if desired.

2.4.3 CALIB ATION AND CHECKOUT

Calibration of the Ranging Equipment is performed in conjunction with the Station
Equipment. The Station Equipment is locked onto the t~ansponder on the Station
Collimation Tower. The surveyed distance between the station and the tower should
then be displayed on the Range Display on the Ranging Equipment. If there is a
discrepancy between the Range Display and the surveyed range, the Range Calibration
Adjust thumbwheels are then set so that the Range Display and surveyed range are
in accord. This places a fixed bias into the Range Counter to compensate for tota!
equipment delays and provide a true range display. In general, the thumbwheel
settings will be dependent upon the major range tone selected. Thus the calibration
procedure must be performed using the major range tone which will he used for

the actual mission.

Since the doppler measurement channel is frequency coherent (See Paragraphs

2.2.2 and 4.1) with the Station Timing System, doppler measurements need not be
calibrated. As may be seen in the System Error Analysis (Section 4.), the ranging
portion of the system has been designed to minimize errors such as those caused by
environmental factors. However, it is recommended that the range calibration process
be performed at least once every 8 hours or immediately before each mission to pro-
vide confidence in the range measurement,

It is also recommended to exercise and align the system using the Test Simulator
before a tracking mission. The Ranging Equipment should be exercised in the BY-
PASS SIMULATE mode first., In this mode both doppler and range measurement
channels may be checked by by-passing the Station MFR and Exciter. In the NORMAL
SIMULATE mode the ranging equipment is exercised using the MFR and Exciter.
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3. SYSTEM DESCRIPTION

3.1 PHYSICAL
5.1.1 CABINET DESCRIPTION

The steel cabinet is nominally 87 inches high including the pontoon base, 24 inches
wide, and 30 inches deep. See Figure 3.1.1-1. Side panels and a full length rear door
will be provided; all are removable,

Under floor cooling and cabling are utilized. Intersystem cabling enters an intercon-
nection panel in the rear while cool air openings are at the forward bottom portion of
the cabinet, The air is forced up through the equipm._nt by an exhaust fan at the top of
the cabinet, Environmental and cooling conditions - re given in Specifications S-571-
P-37A and S-57. -P-6A. Those conditions most pertinent for design considerations are:

e Ambient Air Temperature 50° to 100°F
e Forced Air (from floor pressure)
Intake Temperature 53° to 63°F
Exhaust Temperature 10° to 40°F

(above intake)

The heat dissipation within the cabinet is conservatively estimated at 1000 watts, half
occurring within the power supply drawers, With a 40°F rise relative to the maximum
inlet temperature of 63°, and allowing 775 watts of external heat absorbed from the
worse case environmental temperature due to radiation and convection, the required
air flow rate can be determined by:

_(Q
Flow rate = K(At)

where
Q = Heat dissipation rate
At = Temperature gradient
K = 1/cpp
Cp = Specific heat
p = Density
For air, ¢, = 0.2402 BTU/Ib/°F, p=0.075 Ib/ft3, and

P

K = 55,5 ft> + °F/BTU = 3.18 (°F/watt)(ft3/min)
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Thus far Q = 1775 watts and At = 40°F

Flow rate = 3,18 x 1775/40 = 141 ftalmin

The fan used produces 150 CFM of air through the cabinet.

it is estimated that the cabinet internal temperature will vary less than 24 F. withan
air flow of 150 cubic feet per minute, an intake air temperature variation of 10°F,
and an ambient room temperature variation of 50° ¢, This variation has been used in

LOW FREQUENCY
PROCESSOR

FREQUENCY SYNTHESIZER

AC POWER PANEL

INTERFACE PANEL




11l circuit designs and analysis to determine stability over the required operatir.g
environment.

Because th~ power supply is the worst heat producing unit and contains the least
temperature sensitive components, it is located as close to the air exhaust as possible
— at the top of the cabinet. See Figure 3.1.1-1, This allows cool inlet air to scrub
the electronic chassis before it is heated by the power supply.

Small, quiet blowers are used in all chassis to eliminate hot spots. These s.nall air
circulators also allow safe temporary drawer operation outside of the cooied cabinet
environment — troubleshooting on the bench, for example.

AC power is distributed to the various chassis by a plugmold. A cg bus, electri-
cally connected to all chassis as well as to the cabinet frame, is use »eturn path
for dc voltages.

Cabinet-to-draw 'r interfacing cables are supported by cable retractors, with easily
disconnectable connectors used at the drawer interface.

3.1.2 CHASSIS DESCRIPTION

All drawers are mounted with quick disconnect slides. The levels of eye sight, over-
head reach, and wrist height are those tabulated by MIL-STD-1472, "Hu ian Engineer-
ing Design Criteria for Military Systems, Equipment and Facilities. "

3.1.2.1 POWER SUPPLY - This unit is bagically a collection of off-the-shelf
standard power supply modules. The supporting chassis contains cooling fans for
convection cooling.

3.1.2.2 HIGH FREQUENCY PROCESSOR — This chassis consists mostly of printed
wiring boards shielded by metallic cans. The wiring (lower portion) of the umit is
solidly covered. The upper portion is enclosed by a perforated metal cover to obtain
shielding with minimum cooling air obstruction.

3.1.2.3 LOW FREQUENCY PROCESSOR -- This unit is identical in design and con-
struction to the High Frequency Processor, except t“at the printed wiring boards are
not shielded.

3.1.2.4 DIGITAL PROCESSOR - This is a completely covered drawur utilizing
integrated circuits mounted on several packaging panels. These packaging panels
contain rows of sockets which accept dual-in-line ICs. The front panel is large
enough to contain the necessary switches and ind‘ca‘ors to control and monitor the
system.,



3.1.2.5 FREQUENCY SYNTHESIZER — This umit is a rack-mounted version of
Rockland Systems Corporation, Model 5100 Fre4u~ - Synthesizer.

3.1.3 INDICATORS AND CONTROLS

Front panel indicators and contro's, whicl are available or the three major drawers,
are illustrated in Figure 3.1.3-1 and described in Table 3.1, 3-1,

TABLE 3.1.3-1 Controls and Indicators

NAME AND/OR PuSITION TYPE OF CONTROL/INDICATOR FUNCTION

Receiveu Frequency S5-Section Thumbwheel Switch Sets nomina: received frequency for use by

Toue PLL Sta‘us

Acquisition Mode - PLL

Phase Meter

Modulation - ON/OFF

Modulation Level Adjust

MFR VCXO Select

VCXO0-1,VCX0-2

Range Display

Doppler Display

tlormal/Simulate

Local/Computer

RF Ready

Sync Loss

Dopple. ¢

2-Bection Indicator

5-Position Thumbwheel Switch

Meter

Pusghbutton Switch/Indicator

Potentiometer

Pushbutton Switch/Indicator

Pushbutton Switch Indication

10 Characters

9 Characters, including sign

Pushbutton Switch/Indicator

Pughbutton Switch /Indicator

Pilot Ligt

Pilot Light

Momentary Pushhbutton/Indicator

Rate Aid Synthesizer

Indicates:

a) Loop is locked to actual major range tone
b) Loop is locked to pilot tone

c) Loop is not locked

Used to select acquisition mode of phased
lock loop in Range Tone ;>rocessor

Used in manual mode to ohserve phuse
comparison

Controle application of modulation to the
Exciter

Sets amplitude of modulation to the Exciter

Allows and indicates manual or automsx-ic
VCO selection

Selects and/or indicates VCXO being used

Indicates current range measurement in
nanoseconds

Indicates curre . doppler nieasurement in 12
Selects and in. ~ates Input signals to ranging
equipment from simulator or station equip-

ment

Selects and indicates control of ranging
equipment

Indicates «xciter ready pnd receiver lock
status i1s received

Indicates loss of reference pulse synch

Initistes automatic VCO select prucess an/
resets Doppler Counter




TABLE 3.1.3-1 Controls and Indicators (Coatinued)

NAME AND/OR POSITYON TYPE OF COMTROL/INDICATOR FUNCTILN
Onpe Way/Two Wey Pushbuiten Sivitch indicator 2) Indicates mode of dopples
aperation
b Provides status signa! to Cumputer and
Tracking Data Formatter
Renge Start /Reset Pushbutton Switch/adicater 21 Epahles reaging acquisition daring mamsal
o " %
b) Egables and indicates reset and reatert «f
raaging oporation
Major Range Tene Selact Pushbutton Switch/indicator (for 2) Selocts major raage toae
each major rasge tene) b) dicates lock for tone selected

Mioor Range Teme Sclect

ARC On/1ock

Range Completr

Aviomstic /Manual

Msaual Shift

Trage Calibration

e stion Time Select

ARC Preset
ARC Use /Bypass

ARC Alarm Re<et

Check Ambiguity

Static Range Select

insert Dats

Sutic Dyaamic

No-mal ‘Bypass

Dop;ler Select

Pusabutton Switch//Indicator (for
each raage tone)

Pushb « Switch "Todi

Pilot Light

Pushbutton Switch/Indicator
Pushbutton Switch Tadicator
5-Section Thumbwheel Switch

1- Section Thumbwheel Switch (8
positions. 1 Auto plus 5 selections)
2-Section Thumbwheel Switch

Pushbutton Switch. Tndicator

Pushbutton Switch Tndicator

Pushbution S«itch Indictor

11-sertion Thumbwheel switch

Momeattry Peshbutton

Pushbutton Switch Indicator

’ushhutton Switch Indicator

Thesection IH heel Switch

2) Select and indication of range tane
(macnsl)

b) Indicates acquisition or lock of range tone
{automatic)

c) lndication of range tone (autometic)

Manual selection of ARC and correistion
indication

Indicates all range waus scquired

Selocts snd indicates mode of ranging
acquisition

Used in | mode to schi phase match
of minor tones and ARC

Sets range calibration oumbers for removal
from range readout (Zeroeet)

Provides n.anual selection of integration
time or selection of automatic mode

Presets ambiguity number in ARC generator
Allows bypassing use of ARC in ranging

Indicates error in ambighity number and
allow s« manual ARC' reset

a) Indicates (oss of lock by MRT PLL after
ranging complete

b)Y Can be reset manually

{ sex to velect range for use 'n static range
simuiation

Inserts selected static riage value

{ sed to select static or dynamic range simu-
iatio~ when tn sinulation mode

Select< 1nd indicates mode of simulator
operation

| sed to select doppler for usc n simulsiion
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3.2 FUNCTIONAL
3.2.1 RANGE TONE GENERATOR (RTG)

The Range Tone Generator (Figure 3.2.1-1)* produces the following phase cohere t

output signals: 500 kHz, 100 kHz, 20 kHz, 4 kHz, 800 Hz, 160 Hz, 40 Hz, and 10 Hz.
All of the outputs are digitally synthegized from an input 40 MHz reference signal aid
are synchronized to within 25 nanoseconds of an input 10 pps reference pulse train, In

particular, the 10 pps output is synchronized to the positive going edge of the 10 pps
input,

The RTG operates from a 40 MHz reference coherently produced from the 5 MHz sys-
tem reference input. The 40 MHz is used (instead of operating directly from 5 MHz or
1 MHz) to provide the required 25 nanosecoud settability without the need for an anslog
phase shifter. The 40 MHz reference signal is divided down to a 1 MHz pulse train
using divide-by-five and divide-by-eight synchronous counters as shown in Figure
3.2.1-2. The 1 MHz is power driven for subsequent use as the clock signal for the
remainder of the countdown chain. This insures that the countdown chain output skew
is dependent only on the differential delays of the gates and the output divide-ty-two
flip-flops. Typically, the differential delays are less than 5 nanoseconds and stable
within 1 nanosecond. Since the divide-by-five and divide-by-eight counters are capable
of reset by the same sync circuit, the 1 MHz output (and thus all lower frequency out-
puts) can be positioned in time in 25 nanosecond increments.

*For convenience, bound in Appendix A.

o b

RO —{x:t’l [
5 |

CLoCK |
40 MHZ) 2~
RESET N\
{SYNC)
[ R q s R s Rg - 40 (1 MH2)
c c —c
8 e —1*_ 9 N ’ Do~1—{x

PT0098

Figure 3.2.1-2. Divide-by-Forty Circuit



The Range Tone Generator outputs are the source of the transmitted range tones as
well as other system reference frequencies. The output AND-OR gates select outputs
either from the RTG frequency divider chain in the NORMAL mode or from the .imu-
lator RTG frequency divider chain when in the SIMULATE mode. For all minor range
tones, outputs are produced in two phases: 0° and 72° for 4 kHz, §00 Hz, and 160 Hz;
.and 0° and 90° for 40 Hz and 10 Hz. The two different phases are used in the Modula-
tion Combiner tc provide the phase shift capability necessary for equalizing system
delays during alignment. (A typical divide-by-five circuit which produces the two
required phases is illustrated in Figure 3.2.1-3.)

In addition to supplying the range tones themselves, the RTG clbo supplies ..o kHz and
100 kHiz signals to the Modulation Combiner to produce 400 ¥Hz and the 10 pps sampling
pulse for use in the Transmit ARC Generator and in the Range and Doppler Counters.

Synchronization of the range tones with the 10 pps i.put sync signal is achieved by
detecting leading edge coincidence of 10 pps sync signal and the synthesized 10 Hz
signal. If they are not coincident within 25 nsec, a reset pulse is provided to the count-
down chain setting it to the all-zeros state which presets the countdown chain by 1 count
(25 nsec) such that the next comparison between the 10 pps sypc signal and the synthe-
sized 10 Hz signal ideally would result in the 10 Hz synthesized signal arriving 25 nsec
early at the next comparison. However, the uncertainty in the next transition of the
divider chain 40 mHz clock will result in the 10 Hz synthesized signal a. riving t nsec

» OUTPUT 72°

0 4 0 1 a * QUTPUT O’

x O -
[=1]
E K]
(=1}

[ 2]
[=d]

N\,
CLOCK D=
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Figure 3.2.1-3. Typical Divide-by-Five Circuit.



late, where 0 < t < 25 nsec. Thus, the next comparison will result in a skew S equal
to

S = (25 - t) nsec

where
0<t<25nsec

This skew is biased at +12.5 nsec. The bias is removed by delaying the release of the
divider chain reset signal with respect to the 10 Hz sync by 12.5 nsec. The skew is
now

§ = (25 - 12,5 - t) nsec

where
0<st <25 nsec

Thus, the maximum deviation of the skew is +12.5 nsec. The 12.5 nsec delay in the
release of the reset is implemented by a one-shot circuit.

Figure 3.2. 1-4 shows the synchronization circuit. The leading edge of the sync signal
and the 10 pps from the countdown chain create 25 nsec pulses by driving one-shot cir-
cuite as shown, If the two one-shot pulses do not overlap, counter AB advances to the
two state enabling the n:ext zero state of the sync signal to reset the countdown chain,
The reset is released at the positive transition of the sync signal delayed 12.5 nsec by
the one-shot. When the 2 one-shot pulses overlap (a synchronized condition) a pulse
is set to the synchronizing counter AB resetting it to the initial state. Because of the
asymmetry of the sync signal, gate D is provided to allow synchronization of the two
signals independent of the out-of synchronization phase relationship. A red light is
driven from the sync circuit to display an out-of sync condition.

The Range Tone Generato: circuitry is physically located in the Digital Processor
drawer,

12.5 NSEC
0/8
h‘—r\?ESET T0
10PPS OUNTOOWN

SYNC 0 A r 8 Q CHAIN
\ ONE D_
7 SHOT C ap—c
2= s T L a
10PPS R R NO SYNC
SAMPLE \
N ONE
’”~ SHOT
—J lswe
PT0248 -

Figure 3.2.1-4, Synchronization Circuit,
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3.2.2 TRANSMIT ARC GENERATOR

For resolving ambiguities in the 10 Hz range tone, the Transmit ARC Generator
(Figure 3.2.2-1) produces a pseudo-random ambiguity resolving code (ARC) using a
10-bit shift register as a sequence generator.

The ARC reset signal from the Digital Range Tone Extractor (DRTE) initializes the
code generator to the all 1's state. The next leading edge of the 10 Hz square wave
from the Range Tone Generator enables the 160 Hz shift register clock (from the Modu-
lation Combiner) and s.ts the Local ARC start signal. The Q7 and Q10 outputs of the
shift register are exclusively OR'd to produce a 1023-bit pseudo-random code for feed-
back to the shift register serial input and for input to the Modulation Combiner where

it is used to bi-phase modulate a 4 kHz subcarrier.

The generator i+ supplied with an all 1's detector circuit which provides an output
pulse each time 1e sequence goes through this reference condition. The time between
this output and a similar output from the Local ARC Generator represents the coarse
range data.

Since the code length is 1023 bits, and the code is clocked at a rate of 160 bits per
second, the code length is 6.39375 seconds. This provides an ambiguity resolving
capability of approximately 958,000 kilometers.

TRANSMIT ARC
(00 CoMB)

13
Q10 \[_]/
i ) PRESET P1.. .. PI0
10STAGE
a7 i S)  SHIFT REGISTER

CLk Q1. . Q10

160 HZ
(MOD COMB)
1= D .—r s TRANSMIT ARC

[~

& REFERENCE PULSE
:ngGz’ —t Q OETECTOR (RANGE COUNTER)
ARC RESET l
(ORTE)
_ LOCAL ARC START
* (LOCAL ARC GEN)

Figure 3.2.2-1, Transmit ARC Generator, Block Diagram
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The Transmit ARC Generator circuitry is located in the Digital Processo~ drawer,
3.2.3 MODULATION COMBINER

The Modulation Combiner (Figure 3.2.3-1) combines the 8 range tones anc ARC for
modulation of the up-link carrier via the Exciter, In general, this is accomplished by:

1. High-side complementing the 800 Hz tone onto the 4kHz tonc

2. Bi-phase modulation of a 4 kHz sub-carrier with the 160 Hz, 40 Hz or
10 Hz tone or with the ARC

3. Linear combining the major range tone (500 kHz, 100 kHz, or 20 kHz) with
a minor range tone or the ARC modulated sub-carrier

4. Providing level adjustment to control modulation index of various tones,
and phase shifters for some minor tones for initial ambiguity alignment

5. In addition, this unit generates a 400 KHz reference signal for use by the
fixed frequency synthesizer

All the range tones are provided to the Modulation Combiner by the Range Tone Gen-
erator in squarewave form. For all range tones below 20 kHz, two phases are sup-
plied which allow for continuous phase shifting of the minor range tones over a range
of at least 72° or 90° as appropriate. This capability provides the required tolerance
for initial system alignment. Because the phase shifter will produce harmonic energy
and amplitude change over the control range, it is followed by a filter and limiter. No
phase shifters are included for the 500 KHz, 100 KHz or 20 KHz tone in order to mini-
mize phase drifts due to temperature and level variations. This is important since
phase variations of a major range tone contributes directly to range measurement
error. Phase shifters for 100 kHz and 20 kHz phase alignment are provided in the
Range Tone Processor. However, those phase shifters are not in the signal path when
the tone is selected as the major range tone,

The 500 kHz through 4 kHz tones are transmitted as sinusoids with harmonics down at
least 40 dB, The 800 Hz tone is transmitted as the upper sideband of 4 kHz at 4.8 kHz.
Harmonics of the 4,8 kHz are down 40 dB and the lower sideband of 4 kHz (at 3.2 kHz)
is down 20 dB. The minor range tones below 800 Hz are complemented onto the 4 kHz
range tone in the form of double sidebands of a 4 kHz supressed carrier. (The 4 kHz
subcarrier is bi-phase modulated with the minor range tone.) For these tones the com-
plementing balanced modulator is followed by a bandpass filter passing frequencies
from 3.2 kHz to 4.8 kHz. This filter insures that the lowest frequency modulation
energy of significant power is at least 3.2 kH7 removed from the carrier, thus avoid-
ing carrier tracking interference,
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Figure 3.2,%-1, Modulation Combiner, Block Diagram.
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The ARC is applied to ‘he complementing balanced modulator in the same manner as
the tones are applied. This results in a2 bi-phase modulated 4 kHz signal.

The minor tones and ARC signals are linearly combined with the selected major tone
in a summing amplifier where each major range tone signal level is individual.y
adjustable. This combined output is passed through a variable gain amplifier and pro-
vided to the Exciter. This final gain control is located on the high frequency processor
front panel and adjusts the output to the Exciter from 0 to 4 V peak-to-peak.

The Modulation Combiner aleo produces a 400 kH~ reference signal for use in the
Fixed Frequency Synthesizer. This reference is generated by mixing 100 kHz and
500 kHz square waves from the Range Tone Generator.

The circuits necessary to implement these functions are located in the High Frequency
Processor drawer.

3.2.4 RANGE DEMODULATOR
The Range Demodulator is part of the range signal generator subsystem and is physi-
cally located in high frequency processor (Figure 3.2. 4-1). The function of range

demodulator A2AS5 is to demodulate and level control the major tones, minor tones,
complemented minor tones, and ARC modulated 4 kHz subcarrier. Level control is

+45
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«.M PHASE -—{ Lo 908 :
REF w SHIFTER | | DOUBLER BPF
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-83 0BM pap | 1598 L LCFiLTer [ eao 15 d8 522':;0 1408 500,V/RAD
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Figure 3.2.4-1. Range Demodulator, Block Diagram.
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accomplished using a coherent age technique based on the major range tone power,
with gain adjustment performed prior to demodulation. This technique provides less
range tone phase delay variation and eliminates signal suppression and the resultant
8/n ratio deterioration.

The receiver if signal is passed through a 3-dB pad to maintain a good 50-ohm imped-
aace level and is then filtered by a 2-pole 10-MHz bandwidth filter to reduce noise
energy. The signal then flows through a voltage controlled, solid-state attenuator.
Tle attenuator uses pin diodes to minimize group delay over its control range. The
coutrol voltage comes from the range tone P11 and changes the attenuation over a
minimum 21-dB rar ge.

Sensitivity of the range tone detector is changed such that the demodulated range tone
amplitude remains constant for modulation indices frcm 0.2 radian to 1.5 radians. A
high-level, double-balanced mixer is used as a phas detector. The input level is
made as high as >ossible, but not high enough to cause gain compression, thus elimi-
nating possible group delay variations under a high noise environment.

The reference signal to the detector is capable of being phase shifted to ensure maxi-
mum sensitivity from the detector. The detector output is filtered in a 1-MHz low-pass
filter to further reduce noise energy and is amplified to an output level of -52 dBm for
the signal, and 0.6 volt peak for the noise in the noisiest environment. This output
goes to the range tone processor.

3.2.5 RATE AID SYNTHESIZER

The Rate Aid Synthesizer develops signals which consist of a bias frequency plus an
approximation of the major range tone doppler. See Figure 3.2.5-1. The signals are
developed by dividing the extracted carrier doppler by a number approximately equal to
the ratio of the received carrie. frequency to the major range tone frequency. This op-
eration is performed to partially cancel the frequency dynamics of the received major
tones, thereby allowing the use of narrow band tone tracking filters with small lag
errors due to doppler dynamics. The division is performed in a pair of digital fre-
quency dividers programmable from front panel thumbwheel switches. The Rate Aid
Synthesizer also provides a 500 kHz rate-aided signal for range simulation purposes
and a fixed 1,6 MHz pilot tone to the Range Tone Processor.

Two separate paths are used to develop the bias-plus-doppler for the range tone track-
ing loops. The two separate paths (one for bias only, and one for bias-plus-doppler)
are necessary because of the variable division factor. In this design the initial bias

is cancelled at Mixer M2 and the new bias frequency is injected at Mixer M1, The new
bias frequency is independent of the criginal bias frequency and can be chosen arbi-
trarily. A spurious analysis lead to the selection of 2.1G MHz (2 1/6 MHz) as the bias
frequency for the 500 kHz range tone doppler rate aid. This selection results in excel-
lent spurious performance in the processor, Bias frequencies for the two lower major
range tone frequencies are 1,76 MHz and 1.636 MHz which also result in excellent
spurious performance for the 100 kHz and 20 kHz range tones,
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Figure 3.2.5-1. Rate Aid Synthesizer, Block Diagram.

The programmable dividers in conjunction with the x4 multipliers following them allow
setting of the doppler division rati, from 4400 to 4600 in steps of 1/2. This provides
400 selectable ratios corresponuing to the 100 MHz received carrier tuning range.
Thus, the ratio can be selected to correspond to the closest 250 kHz carrier frequency
and the maximum error will correspond to 125 kHz. The rate-aid signal will then
reduce to range tone doppler :n the Range Tone Processor to a maximum of 0. 003 Hz.

The Rate Aid Synthesizer includes circuitry agsociated with the Test Simulator. In
particular, the unit produces an output which is twice the synthesized 500 kHz range tone
doppler with a bias frequency of 500 kHz. This output thus simulates the phase and
frequency characteristics of t' 2 received 500 kHz range tone with doppler. This sig-
nal is used by the Test Simulator for dynamic range simulation.

The Rate Aid Synthesizer circuitry is contained in the Low Frequency Processor
drawer.

3.2.6 RANGE TONE PROCESSOR

The Range Tone Processor (Figure 3.2.6-1) performs signal processing of the
received range modalation signal, This includes narrowband filtering of the major
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range tone and coherent phase detection of the minor range tones and ARC. Addition-
ally, this unit provides an AGC voltage to keep the demodulat :d majcr .:.nge tone level
constant and changes the .iinor range tone integration time automatically, depenuing
on the range tone signal-to-noise ratio.

Narrowband {iltering of the major range tone is achieved using a phase-locked loop
(PLL) with rate-aid. The input rate-aid ..ixer decreases the doppler on the major
range tone befo : the PLL, thus allowing the PLL to have a very narrow bandwidth
without excessive lag. A third-order loop is used during tracking to minimize lag
errors to meet the required range accuracy under full doppler dynamics. The rate-
aid mixer following the PLL restores true doppler information to the major tone. (Sup-
porting analysis for the major range tone prccessing is presented in Paragraph 4.3).

The frequencies used for rate-aid injection have been selectec to eliminate potential
mixer products which could introduce phase error on the tracked tone. After the input
mixer, the rate-aided tone is filtered by a crystal filter with approximately a 160 Hz
noise bandwidth. This maintains the signal-to-noise ratio at the Phase Detector above
=15 dB and thus insures good noise offset performance. Note thai after inpu: rate-aid
mixing, the major tone utilizes the same circuit elements, w!.ether it is 500, 100, or
20 kHz. This is a result of changing the rate-aid signal to produce a constant bizs fre-
quency (1.6 MHz) input signal to the FLL. Several components are maintained within
a controlled temperature range to reduce phase drifts. For tracking the major tones,
the phase detector reference signal is of a double-sideband svuppressed carrier nature
The effect of using this signal as a reference is a reduction ‘n the phase detector sen-
sitivity., This is a minor effect and is compensated for by adde. gain in the compensa-~
tion function of the major range tone PLL. The 500 kHz ovutput from the output rate-
aid mixer drives the phase data multiplier, which decreases the inc-ement size of the
digital rang. data, and the DRTE which synthesizes the lower freguency range tones.
Note that \he 500 kHz output filter and axis crossing detectur are in the feedforward
path and thus do not contribute to phase drift errors.

The phase of the 160 kHz and 20 kHz tones (when used 4s minor tones), and the phase of
the complemented tones that are only minor tones (4 kHz, 800 Hz, 160 Hz, 40 Hz,

10 Hz) are detected in a high-noise (-32 dB S/N) performance detector. Comparing

the phases of the complemented tones vields the same information as comparing the
phases of the tones themselves. The reference complemented tone is changed by mix-
ing a 4 kHz reference with the minor tone. The minor tone phase is changed during

the digital phase-matching process which changes the phase of the reference comple-
mented minor tone. The ARC is handled in the same manner as a minor tone, Phase
shifters at 100 kHz and 20 kHz are provided for initial ambiguity alignment,

The minor tone phase detector outputs are routed to a front psnel meter for manual

phase matching and to an integrate-and--compare circuit for automatic phase matching,
The integrator time constant can be changed automatically, depending on the range
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tone S/N, or manually with u front panel thumbwheel switch, Automatic integration
time selection is accomplished by detecting the amplitude of the noise and signal at the
input to this unit and compar !ng that amplitude to reference voltages in coniparators.
The cutput of the integrator is compared to two reference voltages (V, and Vg) to con-
trel digital phase shifting. The DRTE shifts the synthesized tone in 72° increments for
all but 40 Hz and 10 Hz, which are shifted in 90° increments. Note that phase match-
ing is complete when a peak output from tne comparison phase detectur is reached.

The integrate and compare for the ARC yields a correlation or noncorrelation signal
utilizing one comparison voltage V¢. .

The Major Range Tone PLL elements are shown in Figure 3.2.6-2. Except for the
phase detectors, VCXO, and AGC circuits, this function is implemented digitally be-
cause of its inberent flexibility which eases the acquisition problem, particularly at a
S/¢ of +30 dB~-H~. A pilot tone (1.6 MHz) is used tc keep the VCXO on frequency to
minimize acquis tion time. When the PLL is switched from the pilot to the data 1.6
MHz, the VCO o.fset "remecmbers” the control voltage at which VCXO will remain at
1.6 MHz and uses °t 2s a bias thereafter.

Slew control is necessary to minimize acquisition time and is accomplished by: 1) digi-
tally phase shifting the feedback signal when the phase error is large; and 2) direc-
tional analog slew voltage to drive the VCXO toward minimum phase error when the

1.5 MHz DATA
MRT “C !
FROM = o* sah ol A0 ®| COMPENSATION |~ Z > 0/A
DATE
I o f
16 MMz -
PILOT Jdo
o oFesET 2 VEXO®! 1 Mtz
| W DATA
ANALOG OUTPUT
SLEW
p::se SAMPLING ] EPROR SENSING SLEw
e o] acontaoL DIGITAL SLEW
f —C ACQ MODE SELEFT
—<{ MRT SELECT
L, AMPL . LOOP LOCK
DET IR * 70 DRTE
| SWITCH, BIAS, TONE
PHASE FEEOBACK AND FILTERS AGC TO RD
VIA FEEDL ACK
MIXER Y
1 _ NOISE
*TEMPERATURE CONTROLLED “DETECTOR

$50094

Figure 3.2.6-2. Major Range Tone PLL Elements.
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error is small. Logic to perform this function receives input information from the
loop phase detector and amplitude detector.

Figure 3,2.6-3 shows ba: ic information flow in the PLL compensation circuitry. Digi-
tal techniques are employed to obtain 2nd and 3rd ord~r loop operation with nez." per-
fect integrators. T:e PLL compensation transfer functions for the two modes of
operation are:

2nd Crder PLL

e
out GN
S S) = —(1 +wa/S)
in ?"vco
S +w
_ _GN a
K
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SLEW coummj
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Figure 3,2.6-3. Major Range Tone PLL Compensation
for 3rd Order Mode of Operation.
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3rd Order PLL

e

out
() = SN _ (1+w /S)}1 +w /S)
Gm KoK a a
veo
2
- G N S ﬂ"a)
KoKico s
The resultant open loop functions are:
2nd Order PLL
0, GES +w )
——— (S) -
3rd Order PLL
2
3 GS tw )
€ 83

The loop constants were chosen to obtain a nominal 20% overshoot for 2 small step
error of phase, corrasponding to a damping factor of £ = 0.707 for the 2nd order
configuration.

The values of G and w, are set in accordance with desired PLL one-sided noise band-
width, BN; (HZ), as follows:

2nd Order PLL
G =2.6¢ BN1
wa =1,33 BNl
3rd Order PLL

G =3.03 BN1

w =0.449 BN
a 1
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The range tone processor also contains the modulation index automatic gain control
detector, feedback cir~uit, and comparator. Together with the range demodulator
automatic gain control attenuator, the input voltage to the loop phase detector is held
constant to within 0.6 dB for received major range tone indices from 0.2 radians to
1.5 radians. The transfer function takes the general form of G(S) = 1/(ST + K). The
design is based on having a good S/N ratio (> + 12 dB) in the automatic gain control
loop bandwidth when operating with an index of 8 = 0.2 randian and at a major range
tone S/p of +10 dB - Hz. The automatic gain control noise bandwidth rapidly in-
creases as the index increases since the pin diode attenuator is a logarithmic device
and therefore increases the loop gain accordingly. At an index of 0.2 radian the time
constant () is approximately 40 seconds and the loop gain (K) is approximately 20
resulting in a noise bandwidth (bn) of approxin.ately 0.25 Hz. Because of this small
bandwidth required to handle noisy low~index signals, the fastest acquisition mode

(4 seconds) cannot be used with an index below 0.5 radiaus.

3.2.7 PHASE DATA MULTIPLIER (PDM)

The function of this unit (Figure 3.2.7-1) is to multiply the major range tone phase
information to allow digitizing the phase in 2000 increments corresponding to approxi-
mately 0.15 meter.

The 500 kHz fromr jor range tone PLL of the Range Tone Frocesgor is mixed
with a stable refe. 480 kHz to produce a 20 kHz +5¢ K: signal which containg
the range tone pha « .farmation. A %2000 frequency multiplictt.on 1s then performed
using a second-oruaer tr. “king loop with a bandwidth of 2 kHz. This bandwidth is made
wide to allow reduct.on ot self-generated VCO noise via feedback and to insure that the
PLL will lock-up in 2 seconds, should it become unlocked. Voltage limiting in the
loop filter ensures that the VCO will remain on frequency in the absence of an input
signal. The Q of the LC tank circuit in the VCO is made high to nroduce a stable
carrier. The VCO output frequency contains the major range tone phase information,
but multiplied 2000 times.

To close the loop, a divider circuit divides the VCO frequency by 2000 where it is used
as the phase detector reference, and as the range counter reset.

The circuits to implement tLis function are located in the Low Frequency Processor
drawer.
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Figure 3.2.7-1. Phase Data Multiplier, Block Diagram.
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3.2.8 DIGITAL RANGE TONE EXTRACTOR (DRTE)

The DRTE (Figure 3. 2.8-1) consists of a frequency-divider chain for synthesizing
local range tones, a manual and automatic circuit for digitally phase-matching the
synthesized tones to the received range tones, tone selection and sequencing logic for
manually and automatically selecting and sequencing the ton¢.s for phase-matching,
selection gates for implementing the control functicn and, integrator and dump control
logic for manual and automatic selection of integrating (correlating) and dump control.

The frequency divider chain (see Figure 3.2.8-2) is implemented similar to the
Range Tone Generator divider chain. A 500 kHz square wave is digitally multiplied
by 2 to produce a 1 Mpps waveform. The 1 Mpps is repeatedly divided by five to
produce 200 kpps, 40 kpps, 8 kpps, 1.6 kpps and 320 pps. The 320 pps is divided by
four twice to produce 80 pps and 20 pps. Each pulse irain from 1 Mpps to the 20 pps
is synchronously divided by two using the 1 Mpps as a clock to produce the following
coherent output £ quare waves: 500 kHz, 100 kHz, 20 kHz, 4 kHz, 800 Hz, 160 Hz,

40 Hz, and 10 Hz. These local range tones are phase compared to the received range
tones in the RTP and the error signal then used to control the digital phase matching
process. All frequencies are capable of being phase shifted with respect to the 500 kHz
square wave in multiples of 72° except for the 40 Hz und 10 Hz which are in multiples
of 90°, Utilizing the two groups of signals prefix by D" and ""C" (delete and count) in
the block diagram, the phase shifting process is achieved by counting the "C" pps
gignal at 10 times the frequency to be phase shifted (8 times the frequency for 40 and
10 Hz) and deleting pairs of pulses (by utilizing the corresponding "D" pps lines) for
each 72° phase shift (for 40 Hz and 10 Hz a 90° phase shift is achieved by deleting two
pulses at 8 times the frequency to be phase shifted).

The phase error signal in the Range Tone Processor is integrated and applied to a
comparator to produce logic levels "A" and "B", for automatic phase matching of
tones, and to logic level ""C: for ARC correlation (see description under RTP). The
logic levels are received by the digital phase matching circuit for completing the
phase matching process in a minimum number of steps; the logic used is given in
Table 3.2.8-1. Phase match is always accomplished in, at most, three steps using
this logic. In the block diagram the pulse delete logic performs the implementation
of the logic table. The inputs HT signifies matching of 160 Hz to 100 kHz range tones
and LT for the 10 Hz and 40 Hz tone. For the high tones phase shifts of 72°, 144° or
216° can be implemented in a single comparison by deleting 1,2 or 3 pair of pulses at
10 times the frequency being matched. For the low tones (40 Hz and 10 Hz) phase
shifts of 90° or 180° can be implemented by deleting 1 or 2 pairs of pulses at 8 times
the frequency being matched. The pulse delete counter receives the phase shift
commands and the count frequency input from the Pulse Delete Synchronizer and out-
puts a pulse blanking signal synchronized to the pps count frequency. This blanking
pulse is steered via the selection gates to the proper blanking input of the Frequency
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Figure 3.2.8-1. Digital Range Tone Extractor, Block Diagram,
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Figure 3.2.8-2. Frequency Divider Chain, Block Diagram

Divider Chain, The pulse deletion technique for phase shifting delays the next transi-
tion of the waveform being phase shifted as shown in Figure 3. 2.8-3.

The tone selection and sequencer logic receives inputs from the Control Panel, for
manual selection of the minor tones and the ARC. Signals are also received from the
Interface/Control Logic, for selection of the major range tones, and from the pulse
delete logic for sequencing the tone for phase matching in the automatic mode.

The integrate and dump contro. provides the RTP with integrate and dump timing
gates together with switch closure logic to implement the automatic integrator and
dump function in the RTP. Time optimization is achieved by utilizing signals from
the frequency-divider chain.

3.2.9 LOCAL ARC GENERATOR

The pseudo-random code produced by the Local ARC Generator is the same code pro-
duced by the Transmit ARC Generator,

3-25



Table 3.2.8-1. Digital Range Tone Extractor Pulge Delete Logic
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B. Logic for 40 Hz and 10 Hz Range Tones
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Figure 3.2.8-3. Pulse Deletion Techniqgue Waveforms

As shown in Figure 3.2.9-1 an ARC reset signal from the DRTE sets the generator to the

all 1's state. If the local ARC start signal from the Transmit ARC Generator has been
set, the next leading edge of the 10 Hz square wave from the DRTE enables the 160 Hz
clock (also from the DRTE) to the 10-stage shift-register generator. The Q7 and Q10
outputs of the shift register are exclusively ORed to produce a 1023-bit pseudo-random
code for feedback to the shift register serial input and for input to the Range Tone
Processor (via the DRTE tone control) where it is compared for correlation with the
received code. If correlation between the received code and the Local ARC Generator
code is not detected, it is desired to retard the local ARC by 16 bits or 1/10 second

in range and test again for correlation. A shift command (which can be produced
manually or automatically from the DRTE with proper sequencing) advances the
pseudo-random code 1007 bits which is equivalent to retarding the generator 16 bits.
The shift clock is 500 kHz (from the DRTE) and does not disturb the basic synchroni-
zation between the received code and the Local ARC Generator. Using this technique,
the shift can be accomplished much more rapidly, thus reducing acquisition time.

The all 1'3 detector circuit provides an output pulse to the Range Counter each time
the code cycles through this reference condition.
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Figure 3.2.9-1. Local ARC Generator, Block Diagram

As indicated ir Figure 3.2,9-1, the local code position may be preset using front
pane' thumbwheel switches.

The Local ARC Generator circuitry is located in the Digital Processor drawer,
2.2.10 RANGE COUNTER

The Range Couater (Figure 3.2.10-1) uses signals from the Phose Data Multiplier
(fine data), from the Digital Range Tone Extractor (intermediate data), and from

the Transmit and Local ARC Generators (coarse data). The fine, intermediate, and
coarse range data ar e combined to provide a single biniry number representing
unambiguous range. The number is in units of nanoseconds corresponding to an in-
crement size of approximately 0,15 meter. It has a maximum value of about 4, 29
seconds (limited by 32 bit word) corresponding to an unambiguous range of approxi-
mately 644,000 kilometers. This binary number is provided as the range data output
to the Tracking Data Formatter and is also converted for display,

Fine runge is obtained by counting the 40 MHz signal from: the Phase Data Multiplier
(PDM). The fine data counter (Figure 3.2.10-2) is reset at 20 kHz (also from the PDM).

3-28



62~¢

£0 PLUS 10
40 MHZ (PDM) >_Y__. - PLUSZS 108 MINUS FO MINUS 1D
FINE DATA SERIAL SERIAL MINUS 2§
20 KHZ (POM) > — LoGIC ADD o SUBTRACT
> I 169 (HAROWIRED)
CLk1) l | FD FO PLUS ID IL PULSE
J—q_{ MSB'S _&
IL PULSE > }.
\ ouTPUT
500 KHZ {DRTE)
- INTERMEDIATE 10 SERIAL >_. REGISTER
10 HZ (DRTE) > »| DATALOGIC - ADOD
500 MH2 TRANS ) —t
LOCAPIbARC < CLK1+4
REF PULSE >
TRANSMIT ARC 3 1D MSB'S CLk2 > __l
REF PULSE ~ co i'::'ﬁt ¥
ARC ACQ (DRTE) )— > > a8
ADD/SUBTRACT > RANGE WORD
LK 2 ) > conxrss 00 T0F)
DATA CD UPDATE
COC PULSE > >
LOGIC —3 l ) ,
INITIAL RESET ) T—v
It PULSE ) + AMBIGUITY AMBIGUITY
CLK 1 )= > ERROR et ERROR ALARM
160 HZ (DRTEY) | AR LOGIC (TO FRONT PANEL)
R 1 .
SMHZ > >
ZERG SET ZERO SET ]
DATA C > DATA s U
(FRONT PANEL) — T LOGIC
PARALLEL IN/ BINARY RANGE
ALARM RES
‘;Luonf piNEJU > SERIAL OUT > MSB FIRST
LOCAL ARC SHIFT Locic (T0 DISPLAY)
{LOCAL ARC GEN) 7 T .~
f _r.c““ ® 500 KHZ TRANS 4; ?
CONTROL |——————®CLK2
— PULSE ——a CLK1+4 1L PULSE
READ GENERATOR
10HZ (RTG) D-02EA0 o oI & COC PULSE INITIALIZE
CONVERT CLOCK ‘1_-'—>Tnz _ RANGE DATA
{DISPLAY) *__" > READY 70 TOF

SSO164

Figure 3.2,10-1,

Range Counter, Block Diagram
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Figure 3.2.10-2, Fine Data Logic, Block Diagram

The counter 40 MHz clock is inhibited on the leading edge of the 10 Hz read signal

from the Range Tone Generator (RTG). The 10 Hz read signal also starts the control
pulse generator (Figure 3. 2.10-1) sequence which begins with the initial load pulse.
The output of the fine data counter is transferr 1ito the fine data register by the ini-
tial load pulse and then combined with the coarse, intermediate, and zero-set numbers.
The fine data counter has a range of 0-1999 with a resolution of 1 nsec. The number
represents phase between the transmitted and received major range tone and is am-
biguous in 2000 nsec increments. Since the 500 kHz RTP signal and the 20 kHz PDM
signal are not guaranteed to have leading edge synchrorism, data must be added to the
FD counter causing a '"spillout' on a 500 kHz transistion,

Intermediate range is obtained by counting the 500 kHz from the DRTE with the value
of each count being 2000 nsec. This is accomplished by adding a value of 2000 into an
accumulator (Figure 3.2.10-3) for each 500 kHz leading edge. The accumulator is
reset by the 10 Hz leading edge from the DRTE. The output of the accumulator is
transferred to the inter __ediate data register by the initial load pulse. To prevent
this transfer from occurring while the accumulator is being updated, the initial load
pulse is inhibited 200 nsec around the leading edge of the 500 kHz from the DRTE,
This condition is indicated by the 300 kHz transition indicator. In the case where the
10 Hz read signal (from the RTG) occurs within 200 nsec before the leading edge of the
500 kHz the initial load pulse will occur after the leading edge of the 500 kHz, there-
fore causing a range error of +2000 nsec. The ID correction logic detects this case
and automatically subtracts 2000 from the intermediate data as it is combined with the
coarse, fine and zero-set numbers,

The intermediate range value varies from zero to 99,998,000 nsec with a resolution
of 2000 nsec and an ambiguity interval of 0.1 second. Therefore, the combined fine
and intermediate numbers can range from zero to 99,999,999 nsec. Since both the
fine and intermediate counts are reset (or started) by signals synchronized with the
received major raunge tone and are read by a signal (10 Hz read) synchronized with
the transmitted major range tone their combined value must be subtracted from 0.1
sccond to obtain the delay (ambiguous in 0.1 second increments) in the received

10 Hz minor range tone.
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Figure 3.2,10-3. Intermediate Data Logic, Block Diagram

The range zero-set number is transferred from front panel thumbwheel switches into
the zero-set data register (Figure 3.2.10-4), It is then combined with the dynamic
range data so that the output data is properly calibrated. The zero-set value can
range from zero to 999,999 nsec in 1 nsec increments.

Coarse range is obtained initially by counting the shifts required to match the Local
ARC Generator output with the received ARC signal during acquisition. The value

of each count is 108 nsec; see Figure 3.2,10-5. After ambiguities have been resolved
during ARC acquisition, the coarse range is updated as a function of the intermediate
range value. After the intermediate data is corrected (if necessary) following the
read signal, the two most significant bits (MSB's) of the intermediate range number
are compared with the MSB's from the previous sample and the coarse range accumu-
lator is updated according to the following logic:

MSB's @ t-1 MSB's @ t Update
11 00 Subtract 108
00 11 Add 108
ANY OTHER COMBINATION No change
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Figure 3.2,10-5. Coarse Data Logic, Block Diagram

The updated coarse range data is then combined with the tine, intermediate and
zero-set combination and stored in the output register. The updated coarse range

is alsc loaded into the coarse data accumulator. The output register nolds the 3i-hit
binary range word which can range from zero to 4,294,967,295 nsce (roughly 4.29
sec).

The coarse range is also computed in the Ambiguity Error Alarm logic (Figure
3.2.10-6). The #-stage UP/DN counter is incremented and updated in the same

3-32



CLOCK

160 1.2 (DRTE) H—
) 12STAGE
o COUNTER
leeadl @
LOCALARC . STOP -
REFPULSE 7 c a
(FROMLAGEN! meserastanr] | r‘ |
rd .
REF AL ‘ AMBIGUITY ERROR
(FRG.. .. N) +  fCOMPARE ALARM | o1 ARM
1-SHOT DETECTOR (FROM PANEL)
ADD/SUBTRACT
—
CD UPDATE 8 STAGE

UP/ON
LOCAL AF- SHIFT (FROM CO LuGlC)__-D_. COUNTER
(LOCAL ARC GEN) 7 I

INITIAL RESET )— !
(FROM PANEL) )
ALARM RESET )

{FRONT PANEL)

Figure 3.2.10 -6. Ambiguity Error Alarm Logic Diagram

manner as the coarse data accumulator. Its resolution, however, is 0.1 second. The
12-stage counter counts at 160 Hz (from the DRTE) starting at zero on the Transmit
APC reference pulse and stopping on the Local ARC reference pulse. When the 2
counter outputs are compared for error, only the 8 most significant bits from the

160 Hz counter are compared thus dividing the count by 16 and giving it a resolution

of 0.1 second to compare with the 8-stage UP/ON counter resolution. If an error is
detected an ambiguity error alarm signal is sent to the front panel. The outputs are
compared for error after every local ARC reference pulse.

The display of range is in units o1 nanoseconds. The binary number in the output
register is transferred to the Parallel In/Serial Out Logic (see Figure 3.2.10-7)
where it is stored until the convert clock (from the display) tra..sfers it out, MSB
first, to the display where it is converted to BCD for display. The display is updated
once every 0.4 seconds.
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3.2.11 SIMULATION RANGE SIGNAL GENERATOR (RSG)

The Simulation Range Signal Generator provides a capability for static or dynamic
range simulation. For static range simulation, the transmitted ranging signal
(modulation) is delayed by any preselected value over the entire unambiguous range
capability of the system. The selectable delay increment size is 1 nanosecond, or
nominally 0.15 meter of one-way range. Thus, any range may be simulated to a res-
olution equal to the range measurement system resolution. For dynamic range simu-
lation, the transmitted ranging signal contains a simulated doppler component which is
in exact proportion to simulated carrier dOppler; Thus, the output range data is
dynamic and "tracks' with the carrier doppler data.

The Simulation Range Signal Generator and its relation to the normal Range Signal
Generator is illustrated in Figure 3.2.11-1. The Simulation RSG contains a range
tone generator and transmit ARC generator which are very similar to those used in
the normal moc. of operation. In addition, it contains preset counters, synchronous
dividers, a mixer, and a filter to implement the selectable delay.

3.2.11.1 STATIC RANGE SIMULATION — For static range simulation, the output
tones and ARC are time delayed relative to the normal tones and ARC in accordance
with the programmable counter selections. The programmed delay is maintained
relative to the normal modulation by synchronizing to the 10 pps "on-time' pulse train
from the normal RTG.
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Figure 3.2.11-1. Relationship of Simulation and Normal Range Signal Generators,
Block Diagram
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The H-counter is programmable from 0 to 19, and delays the range modulation output
from 0 to 19 nanoseconds in one nanosecond increments. The 1 nanosecond re olution
is achieved by the offset-mixer which scales the delay increment from 25 to 1 . ano-
seconds. Thus, the H-counter can delay the phase of the 500 kHz in 19 incre:. .ats

of 1 nanosecond each.

The J -counter is programmable from 0 to 49 and delays the range modulation output
in 20 nanosecond intervals from 0 to 980 nanoseconds. Thus, the H and J counters
combined delay the modulation output in 1 nanosecond increments from ¢ to 999 nano-
seconds.

The K-counter is programmable from 0 to 99,999 and delays the range modulation
output in 1 usec intervals. The H, J, and K counters combined delay the modulation
output in 1 nanosecond increments from 0 to 0. 099,999,999 seconds. The L-counter
is programmable from 0 to 62 and delays the ARC output from 0 to 6.2 seconds in

0.1 second increments. The delay is relative to the normal Transmit ARC Generator
code output and is synchronized by a reset signal from the normal ARC generator.

The total combined delay from the H, J, K, and L counters delay the modulation out-
put in 1 nanosecond increments from C to 6. 299,999,999 scconds. Encoding of the
preset counters is achieved by manually inserting the desired delay into 10 thumb-
wheel switches located on the front panel.

The synchronizer circuit for the Range Simulator receives the 10 Hz reference from
the normal RTG and the preset insert pulse, activated manually from the front panel.
The synchronizer outputs z preset load pulse and a count enable signal synchronized
to preload and which then start the counters coherent with the 10 Hz reference. At the
first 10 Hz, the divide-by-20 that produces the 2 MHz is enabled to ensure a stable 50
MHz on the second 10 Hz received. At this time 20 nanosecond delays are produced
by deleting 50 MHz pulses from the J preset input. The K and L counters delete puls-
es sequentially after the completion of the 50 MHz deletions. Since the 50-MHz is
phase shifted by the 40-MHz in 1 nanosecond increments (after the third 10-Hz) delet-
ing the 50-MHz first ensures that synchronizing the 50-MHz with respect to the 10-Hz
does not produce a variable delay in the range of + 10 nanoseconds.

The Simulation Range Tone Generator (Figure 3.2.11-2) uses the same divider chain
employed in the normal RTG. Phase coherency is produced at the preset count in the
combined H, J, and K counters after the 10 Hz reference,

For producing ambiguiti»s in the 10 Hz range tone, the Simulation ARC Generator
produces a pseudo-random code the same as the Trunsmit ARC and the Local ARC.
The 160 Hz clock is obtained from the Simulation RTG. As shown in Figure 3.2.11-3,
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Figure 3.2.11-3. Simulation ARC Generator, Block Diagram

an all 1's detector isn't used here since the Simulation ARC Generator is only used to
produce a delayed ARC bit stream which is switched to the Modulation Combiner in
place of the Transmit ARC output during simulation.

The 10-stage shift register is preset by the Simulation ARC Reset signal (from the

L Counter) which is delayed by a multiple of 1/10 second from the normal ARC Reset.
The next leading edge of the 10 Hz square wave from the Simulation RTG enables the
160 Hz shift register clock.

The LC bandpass filter at 50 MHz reduces the major undesired signal, the lower side-
band at 46 MHz, to 15 dB below the 50 MHz signal by virtue of being a 2-pole design
with a Q of 16, The expected phase drift with temperature variation is reduced by the
follow ing +100 circuit so that at 500 kHz, the phase drift is very small,

3.2,11.2 DYNAMIC RANGE SIMULATION — For dynamic range simulation, the
modulation signal from the Simulation RSG is provided with a doppler component which
is in the exact proportion to simulated carrier doppler. The doppler is introduced by
driving the Simulation RTG with a 1 MHz + 2 x 500 kHz doppler signal specially de-
rived in the Rate Aid Synthesizer (see 3.2.5). In the case of dynamic range sim..z-
tion, the H and J counters have no effect on the output since they affect only the 1 .1Hz
static signal which is not used. However, the K and L counters do operate and set the
initial phase of the 100 kHz and lower frequency ranging signals.

3.2.12 TEST MODULATOR
This unit provides the proper ranging spectrum for testing the Ranging Equipment.

The phase modulation is performed at 22 MHz, derived from a phase shiftable 11 MHz
source. See Figure 3.2.12-1. The phase shifter is necessary because the 110 MHz
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Figure 3.2.12-1. Test Modulator, Block Diagram

output must be at the same phase as the receivec 1¢ MHz signal to achieve the same
output level from the Range Demodulator phase detector. The output of the modulator
is multiplied by 5 to develop the 110 MHz output. This multiplication allows a lower
index at the modulator and thus good linearity. The output level is increased via a
variable gain amplifier to keep the major range tone at a constant level, (i.e., what
the MFR does by means of AGC) with or without a minor tone applied.

3.2,13 DOPPLER EXTRACTOR

The Doppler Extractor combines signals from the MFR, the Exciter, and the Fixed
Frequency Synthesizer to produce an output consisting of a 70 MHz fixed bias fre-
quency plus the two-way carrier doppler frequency, as shown in Figure 3.2,13-1,

The doppler data is contained in the MFR VCXO and Frequency Synthesizer frequencies
while the actual operating frequency is contained in the Exciter Reference frequency.

The most critical filtering is within the p multiplier circuitry. As in the case of the

35 MHz reference from the Fixed Frequency Synthesizer, all spurious which would
fall within the 60 kHz tracking bandwidth of the doppler multiplier must be suppressed
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Figure 3.2.13-1. Doppler Extractor, Block Diagram

by greater than 65 dB at the input of the X32 multiplier, An analysis shows, that the
worst-case filtering is required following the mixing of 0.58 MHz *13 kHz (Fy) with
4.98 MHz %111 kHz (F,) to obtain 5,56 MHz +124 kHz. To suppress Fy to the re-
quired level two cascaded 3-pole filters are required following the mixer. All other
filtering is accomplished by lower order filters.

The frequency division required for the signals from the MFR Synthesizer and the
exciter reference is accomplished through the use of ECL high-speed digital logic.
This logic series has an additional advantage of being able to directly drive low im-
pedance loads and transmission lines.

The 32 multiplicr is configured utilizing conventional multiplying techniques. The
first two stages consist of active double balanced modulators with their inputs capaci-
tively coupled. When wired in this manncr the output is the second harmonic of the
input. A hot carrier diode quadrupler followed by a hot carrier diode doubler com-
pletes the multiplication chain.

The VCXO select logic is designed to switch to the MFR VCXO with the highest AGC

level provided that the corresponding VCXO is locked. Selection evalration vecurs
only upon a change in MFR lock status. A manual override feature is also incorporated.
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The circuitry of the Doppler Extractor is located in the High Frequency Processor
Drawer.

3.2.14 DOPPLER MULTIPLIER

The function of this unit is to multiply the carrier doppler information k; 250 to con-
tribute to data digitizing in increments of 1/1000 cycle, as shown in Figur.: 3.2,14-1,

The bias (70 MHz) plus doppler is mixed with a stable reference signal at ¢ MHz to
lower the bias frequeucv to 1.0 MHz. Frequency multiplication by a factor of 250 is
then performed using a phase-locked loop (PLL). The PLL low-pass filter is de-
signed to yield a second-order tracking loop with a tracking bandwidth of approxi-
mately 60 kHz. This bandwidth is made wide to reduce self-generated VCO noise
via feedback and to insure good acquisition and Doppler rate tracking performance.
In the absence of an input signal the VCO offset volts ge is small enough to ensure the
VCO frequency will be within the lock-up range of the loop.

The VCO is an octave range, VHF transistor, varicap tuned oscillator. Because of
the octave range tuning of the oscillator, the phase noise is contained in a relatively
wide bandwidth; but with the wide tracking loop bandwidth (60 kHz), the VCO noise is
greatly reduced so that the loop output signal is sufficiently stable, Due to the nonlin-
ear nature of this VCO, the bandwidth varies over the operating range from approxi-
mately 110 kHz to 35 kHz. It also puts out approximately 4 dB more power at the
high frequency end and results in causing resetting at the high end whenever the loop
becomes unlocked. This action necessitates a RESET whenever a new input frequency
is likely to be acquired. This RESET makes a one-time sweep through the VCO con-

trol range,

10
r__{> -» INTERFACE
PANEL

RESET

250MHZ

1.0MHZ + 23MHZ +57 SMHZ

Thr2 ¢ 2398 T
FRON DIPPLER o+ o o0 ol LoF o LC
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e [ 10
I e
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) 4
6; [ 290 J
$§0268 X

Figure 3.2.14-1, Doppler Multiplier. Block Diagram
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To close the loop, a divider circuit divides the VCO frequency by 250: the output is
then used as the reference for the phase detector. The first two stages of the divider
utilize ECL UHF flip-flops.

The VCO output is then mixed with a 190 MHz reference signal to reduce th bhias
frequency to 60 MHz where it can be more readily counted. Two outputs are turnished
to the doppler counter 90° apart to facilitate digital multiplication of x4 thus accom-
plishing data incrementation in 1/1000 of a cycle. As in the Doppler Extr.ctor all
fixed-tuned filtering is made relatively broadband to minimize phase shiits due to
frequency change. This is essential to reduce error in the output doppier count.

The circuits to implement the Doppler Multiplier are located in the High Frequency
Processor drawer.

3.2.15 DOPPLER COUNTER

The Doppler Counter (Figure 3.2.15-1) accepts the output of the Doppler Multiplier
which varies from 2,5 MHz to 117.5 MHz as a function of carrier doppler varying
from -230 kHz to +230 kHz. There are two outputs. First is a 42 bit binary output
that is provided to the Tracking Data Formatter (TDF) at a 10 per second rate: this
binary number is an accumulation of the bias-plus-doppler count since an initial
start time and, at maximum doppler, overflows in about 156 minutes., The second
catput is to a decimal display and is an accumulation of the doppler count for a 0,1
second sampling interval.

To achieve a resolution of 1073 cycles with a straightforward counting technique

would require counting at a frequency in excess of 460 MHz, (for maximum positive
doppler) and either reading the counter ''on the fly"” or switching counters. To avoid
this state-of-the-art risk a lower frequency fj, (117.5 MHz max) is input in quadrature
with phases designated as fing and fing . The phase fi“o is counted directly and pro-
vides the coarse resolution (4 parts in 10~3 cycles). Both phases fing and fjp o are
compared at the time of the 10 pps read pulse to yield the required 1 part in 10-3
cycles resolution.

The frequency fino is given by

3
- 10 ,
fino =250 (240 kHz + fy) = Y (240 xHz + )

where
240 kHz = bias {frequency

fy = Doppler frequency [—230 kHz ¢ fd s + 230 kHz]

The maximum counting frequency fing is 117.5 MHz corresponding to a doppler fre-
quency of +230 kHz. The LSB of the counter has a binary weight of 22 and effectively
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multiplies fing by 4. Binary weights of 20 and 21 are determined from the phase
comparison circuit at read time and added to the value in the counter., The addition

does not create a carry and is achieved by tagging the 2 bits of the phase comparison
as the LSB's of the overall count and transferring these two bits and the count in the
counter to a holding register at the time of the read pulse. Each sample period in-
creases the value of the holding resistor by 103 (240 kHz + fg). The resolution is

1 part in 10-3,

Referring to the block diagram, the control logic circuit in the low speed logic sec-
tion operates to transfer the doppler count of the previous read pulse to register (t-1)
and the doppier count of the present read pulse to register (t). The input to register
(t) is also transterred in parallel to the Tracking Data Formatter trancfer logic for
input to the TDF. This data is the sum of all previous counts since the initial start
time. The new cumulative count is available at the formatter no later than 2 micro-
seconds after occurrence of the 10 pps on-time sample pulse.

Although this slight delay exists in getting the data to the TDF and ready for readout,

it is emphasized that the data was "dumped" (sampled) precisely (within 25 nanoseconds)
on time and thus corresponds to the true doppler count (within a fraction of a count) at
the precise time of the 10 pps sample pulse,

For display purposes only, the display and difference logic takes the difference of the
accumulat . reading (t) - (t-1) and subtracts the bias frequency (240 kHz x 103) from
this difference. Thus, if the input is 117.5 MHz for 1/10 second corresponding to a
doppler of 230 MHz, the count in the counter is 4 x 11,75 x 106 = 47,000,000: subtract
0.1 x 240 x 105 = 230,000. 00. If the input corresponds to minimum doppler of -230
kHz the count is 4 x 0.25 x 10 = 1,000,000; subtract 0.1 x 240 x 106 = -230,000. 00,
At this point, the number is still in binary form. The control logic provides shift
pulses to transfer the data to the serial-binary to parallel-BCD converter for decimal
display. The BCD converter control logic accepts new data and updates the display
only once per second.

At a maximum input frequency of doppler-plus-bias of 117.5 MHz (a period of 8. 51
nsec) device delay times of a few nanoseconds become significant. The critical de-
sign problem is to construct the counter such that at read time the count can he ex~
tracted without stopping the counter and without upsetting the accumulating count,

In short, the count difference t - (t-1) between any two read pulses must be accurate
to +1 count,

The counting unit (Figure 3,2, 15-2*) is divided into four parts:

1. A four-stage high-speed synchronous counter generating intermediate
resolution

*For convenience bound as Appendix A,
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2. A 36 binary bit synchronous counter accumulating carrier (coarse data) irom
the high speed counter

3. A phase comparison circuit generating fine count data

4, A read pulse synchronizing circuit to transfer the count at read time to the
holding register after the counter outputs have settled

The four-bit synchronous counter utilizes MECL 19231 "D" flip-flops and 10105 gates
having propagation delays of 3.3 nsec. Thus, the maximum counting speed is about
10Y/6.6 =150 MHz. This is sufficiently above the required 117.5 MHz to guarantee
reliable operation. The carry generation is started at counter state 1110 (see wave-
form diagram Figure 3.2.15-3). The carry gate is enabled 3.3 nsec after counter
state 1111 and is ANDed with state 1111 clock (regative logic). The positive-going
edge of the carry gate clocks the coarse counter stages advancing the count 1 bit
(weight of 26), . carry is generated every 136.16 rsec. Set-up time for the

MECL 10231 flip -flop is 1 nsec and is below the maximum counter set-up time of
1.91 nsec. The coarse counter congists of 9 stages of a MECL 10136 synchronous
hexadecimal counter. The carry out of one stage is input to the succeeding stage and
overrides the common clock (carry output of the four-bit counter) thus allowing de-
vices to be cascaded to provide a fully synchronous counter. Propagation delay from
clock input to data out is 5 nsec, worst case, and from clock input to carry out ** is
11.5 nsec worst case, thus for 9 stages a worst-case propagation delay of 103.. .sec

COUNTER STATE —= 1110 nn . 0000
cLK ‘ I ‘ l l_"'
A '| \ V33—
F/F LSB b K \ |
|

Iy
T

|
pe—33 ! \
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[

\
— “—— SET-UP TIME = 1.91NSEC MIN \
| \ | \

)t | \ le33
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| ! A—
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Figure 3.2.15-3. High Speed Counter Waveforms
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exists from the clock until the last carry out has settled. The carry ¢!ack input hus
a repetition period of over 136 nsec which is well in excess of the propagation delay,

The phase comparison circuit consists of two MECL 10231 ""D" flip-flops commoaly
clocked by the positive-going edge of the read pulse. Each flip-flop has one phase

of the clock as the D inputs as shown in Figure 3.2,15--.. When the flip-flops are
clocked by the read pulse the clock phases are transferrred to the output and held un-
til the transfer pulse transfers the data to the holding register. Each positive going
edge of CLK0 advances the four stage counter 1 bit (weight of 22). Referring to
Figure 3. 2.15-4, the quadrature relationship has four states: 0, 1, 2, and 3
(overall count weights of 20 and 21). The state at read time is 'latched', decoded and
appears at the input to the transfer register in binary for subsequent addition to the
overall count.

The read pulse synchrorizer circuit implements transferring the counter count :the
holding register on the .- it positive read edge. This insures transferring data while
it is stable and not going through a transition, To satisfy the above condition, the
read pulse synchronizer must clock the holding register within 3.3 nsec (worse case)
of the positive going edge of CLK0 (¢. > Figure 3.2,15-3). Thus, the propagation
delay of the device must be less than 4.3 nsec. The flip-flop used in this application
is a MECL III MC1690 having a propagation delay of 1.5 nsec. The cross-coupled
gate serves to release the counter reset at the first read pulse after an initial reset
has been activated from the front panel.
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Figure 3.2.15-4. Phase Comparator Waveforms
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3.2,16 DOPPLER SIMULATOR

The Doppler Simulator (Figure 3. 2. 16-1) provides test signals to exercise the
Doppler Data Extractor over simulated doppler excursions of -230 kHz to +230kHz
in increments of 0.001 Hz.

The simulator operates in either the normal mode or one of two simulation modes:
Bypass Simulate and Normal Simulate. The doppler simulation capability is exactly
the same for both simulation modes.

In the normal mode, the MFR VCXO, the MFR Synthesizer and the Exciter reference
(Fy/32) are provided to the Doppler Extractor from the Doppler Simulator while a
55 MHz reference is also provided from the Fixed Frequency Synthesizer.

For the bypass simulation mode, the Doppler Simulator provides substitute signals
generated withir the Fixed Frequency Synthesizer for the MFR VCO, the MFR
Synthesizer, and the Exciter reference signal (f;/32). These signals provide the
capability of exercising the extire Doppler Data Extractor. The substitute MFR VCO
is provided by a variable frequency synthesizer which provides a +0.230 MHz fre-
quency variatioa in 0. 001 Hz steps to simulate the maximum doppler.
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The synthesizer is a Rockland Model 5100 modified by removing all controls and
monitors from the front panel with the exception of i.e POWER ON/OFF switch and

a 1 volt P/P signal monitor jack. As can be verified by the signal coherence

diagram Figure 3.2.16-2A, this test mode maintains full system coherence and there-
by provides completely controlled doppler simulation with a predictable doppler data
output.

In the normal simulate mode, the Doppler Data Extractor is exercised while connected
to and using the input signals from the MFR and the Exciter. This is accomplished by
using the MFR synthesizer and Exciter reference signals as in the normal mode while
modifying the MFR VCO signal by adaing simulated doppler. As in the other mode this
simulation mode also exercises the Doppler Data Extractor over a range of 0 to +230
kHz in 0.001 Hz steps while maintaining system coherence. Signal flow and coherence
in this mode is shown in the signal coherence diagram Figure 3. 2. 16-2B.

The implementation of the Doppler Simulator is shown in Figure 3,2.16-1. Inputs

are from the MFR, Exciter, Fixed Frequency Synthesizer and the Doppler frequency
Synthesizer. All remaining signals are generated using conventional mixing and
filtering techniques. In generating the transmit reference si~wulation signal (64-11/24
MHz), sidebands at 40 kHz, where encountered, result in a 70 MHz doppler signal into
the doppler multiplier with the 40 kYz sideband down~35 dB. This results in a dopp-
ler count jitter of =8 counts rms,

The circuitry comprising the Doppler Simulator is housed in the High Frequcncy
Processor Drawer. The Doppler Synthesizer is a separate self-contained chrssis.
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3.2.17 FIXED FREQUENCY SYNTHESIZER

Fixed frequency reference signals for use throughout the Ranging Equipment are
generated in the Fixed Frequency Synthesizer. All the fixed frequencies are generated
from two references: a 5 MHz reference from the frequency standard in the Station
Timing System, and a 400 kHz reference from the Modulation Combiner. As shown

in Figure 3.2,17-1, the frequencies are synthesized using conventional mixing, multi-
plication, division, and filtering techniques; for clarity the amplification and filtering
stages have not been shown.

An analysis of the phase noise requirements in the Doppler Multiplier phase locked
loop indicates that all reference frequencies generated for use in ithe Doppler Ex~
tractor with the exception of the 170.6 MHz reference must have a minimum of 65 dB
suppression of the spurious signals which fall within the 60 kHz tracking bandwidth.
This somewhat :tringent requirement is due to the > 32 (+30 dB) muitiplication of the
fixed reference { ‘equencies within the Doppler Extractor. Since the 170.6 MHz ref-
erence is divideu by eight prior to its multiplication, an improvement of approximately
20 dB in its phase noise will be obtained. The spurious suppression requirement for
this reference is therefore 45 dB. All other fixed frequencies generated within the
Fixed Frequency Synthesizer are réquired to have all spurious signals suppressed
by greater than 35 dB.

3.2.18 INTERFACE/CONTROL LOGIC

The Interface/Control Logic (Figure 3.2.18-1) interfaces the Ranging Equipment
with a computer and a Tracking Data Formatter. The computer can monitor the RE
by examining the contact closures applied to the computer. When the local/computer
control (from the front panel) is in the computer position the computer can directly
control the RE with TTL compatible logic levels applied to the computer control
inputs. Range and doppler data with RE status lines are supplied to the TDF as TTL
logic levels; see Figure 3.2.18-2. Where multiple parallel data lines are used, a
common gruund connection will be used.

3.2.19 AC/DC POWER

A single breaker mounted on the AC POWER panel controls application of the 60 Hz,
single-phase 115 Vac power to the Ranging Equipment. Whenever power is applied,
a green incandescent ON indicator is illuminated and an elupsed time meter energized.

The elapsed time meter provides a total registration of 9999,9 hours. Two ac line

filters re mounted at the rear of the chassis to reduce radio frequency emanations
from the Ranging Equipment.
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Figure 3.2.1%-1, Interface/Control Logic, Block Diagram
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The dc power supplies are all mounted within two power supply drawers mounted in

the ranging equipment cabinet. A selector switch is provided on the front panel with

a meter so that the voltage from each supply can be individually monitored. Adjustment
of each voltage is provided by a screwdriver potentiom. ter accessible or each supply
module inside the drawer.

The following supply voltages are provided:

VOLTAGE USE
(voit)
+15.0 Analog circuitry
-15.0 Analog circuitry
-5.2 ECL Digital Logic
+5.0 T TL Digital Logic
+24.0 Analog circuitry
+24.0 Lamp and relay supply
DAIVING CIRCUIT RECEIVING CIRCUIT
*5V o
L
m 200

LINE

<
s 7

Eps

—5 § l ilm

OPEN COLLECTOR

[

- mfe - - - -

55036

Figure 3.2.18-2, Basic Interface Logic

All of the dc supplies are current limited, short circuit proof and have regulation
better than 0.1° from no-load to full-load with a constant ac line voltage. The dc
power supply system has been designed to operate so that less than 807 of the rated
current of each supply is required under normal operating conditions,

3-53/3-54



4, SUPPORTING ANALYSES

4.1 DOPPLER SYSTEM FREQUENCY COHERENCE

Figure 4.1-1* is a flow diagram showing the frequency relationships of the doppler
system through the output of the Doppler Extractor. (C oherence within the Ranging
Equipment was shown i. Paragraph 2.2,2.)
The transmitted frequency ft is shifted to Kft on the uplink, multiplied by "p" in the
transponder to Kpfy and retransmitted to the receiver. The downlink signal is shifted
to KK'pr at the receiver. The signal frequency proc.ssing within the system is de-
fined by equations at various points in the system.
The output signai of the extractor is a bias-plus-doppler signal represented by:
- + = +
(KK'-1) pr 70 tb f 3

Where:
fb = 70 MHz, bias frequency
f 1= (KK'~1) pf,,, doppler on returned carrier
p = 240/221, transponder turn-around frequency rat ‘.
fT = Ground transmitter carrier frequency (MHz)

4,2 MAJOR RANGE TONE PROCESSING COHERENCE

The Range Tone Processor uses a "'rate-aid" signal to track the received major range
tone with a narrowband phase lock loop.

The coherence relationships, for the Rate Aid Synthesizer, between the doppler input
signal and the synthesized output signals are shown in Figure 1.2-1. (A 70 MHz sys-
tem reference signal and a signal used to obtain a dynamic range simulation are also
shown.)

The coherence relationships for tracking of the 500 XHz. 100 klz or 20 kllz tones as
the major range tone are shown in Figures 4,2-2 through 4,2~-4,

*For convenicnce bound in Appendix A,
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Figure 4.2-1. Rate Aid Synthesizer Coherence
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Figure 4.2-2, 500 kHz Range Tone Processing Coherence
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4.3 MAJOR RANGE TONE PLL

4,3.1 REQUIREMENTS

System performance requirements which dictate design parameters of thc major range
tone PLL are imposed by signal dynamics, random noise error allucation, and time
allowed for track acquisition and settling of acquisition transients to within error
budget values.

4,3.1.1 SIGNAL DYNAMICS - Signal dynamics, specified in terms of carrier
doppler and doppler rate, correspond to the following range dynamics:

R < 15,000 meters/sec
. 2
R = 150 meters/sec

Range data errors are to be within budget for these steady-state dynamics. In addi-
tion, tracking is to be maintained with degraded accuracy for

# < 352 meters/sec’
To minimize lag and transient errors and acquisition times with the required narrow
PLL bandwidths, a carrier rate aid signal is employed to cancel range dynamics to
within one part in 17600 (57 ppm). The resultant worst-case residual signal dynamics,
for the range tone PLL, correspond to:

(1.5 x 104 m/sec) / 17600 = 0.852 meter/sec

]

- 2
(150 m/se02) / 17600 = 8.52 x 10 3 meter/ sec

-2 2
2 x 10 ~ meter/sec

i}

(352 m/secz) / 17600

The resultant maximum residual doppler and doppler rate within the major range
tone PLL for the several tones are listed in Table 4.3.1.1-1.

4,3.1,2 RANDOM NOISE ERROR — The random noise error requirement is estab-
lished by Figure 1 of Specification S-813-P-19 (revised) which is reproduced in Fig-
ure 4.3.1.2-1, An analysis of that figure indicates that at low values of S/9, where
input additive noise is dominant, the tone loop one-sided noise bandwidth (BN l) must
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Table 4. 3. 1- 1"1.

Maximum PLL Doppler and Doppler Rate

SPECIFIED TRACK VALUE

MAXIMUM VALUE

RANGE
TONE DOPPLER RATE 2 RATE 2
(kHz) (DEG/SEC) (DEG/SEC") (T2G/SEC)
20 4,09 x 1072 4.09x 10 9.60 x 10
-3 -3
100 .205 2,05x 10 4.80 x 10
-2 -2
500 1.023 1,023 x 10 2,40 x 10
100 L
- -
70— -
- -
50 — .
40~ -
@ 30 -
&
vy
" 20— ~
]
g 7_0: 20 KH2 :
- 5.0 =
g 40— -
-
S 20~ -
= 100 KHZ P
10 500 KHZ "
0.1 -
55030 60 LI ' o ' 3 ! R w0

TONE LOOP (S/D) IN DB

Figure 4.3.1.2~1. Range Accuracy Requirement




be 0.05 Hz or less for either ot the three major range tones (MRT). Allowable maxi-
mum bandwidths at other points of interest are:
S/9 = 30 dB - Hz
BN1 = 0.2 Hz for 500 kHz MRT

BN1 = 0. 05 Hz for 110 kHz and 20 kHz MRT

S/¢ = 50 dB - Hz

BN
1

BN
1

6 Hz for 500 kHz

1 Hz for 100 kHz and 20 kHz MRT

4,3.1,3 ACQUISITION TIME — The major range tone PLL is required to acquire
track and operate within its error budget within the following time spans:

1. Near Earth - (/¢ = 50 dB - Hz)

t = 4 sec
acq

2. Lunar Range - (S/¢ = 30 dB ~ Hz)

t = 22 sec
acq

For the near-earth case, the full specified signal dynamics given in Paragraph 4.3.1.1
may be present duri..g acquisition, For the lunar-range case, maximum dynamics
present during acquisition are one-fifth (20%) of the full specified dynamics.

4.3.2 PHASE ACQUISITION PERFORMANCE

4,3.2.1 PROCEDURE — The acquisition of accurate tracking of the m jor range
tone is accomplished in three basic steps:
1. Step and/or slew PLL output signal to near null error condition (open loop)

2. Close loop and operate as a 2nd-order PLL with relatively wide noise
bandwidth until phase and velociwy transients have settled

3. Reduce loop handwidth to final value in 3rd=-order configuration
Acquisition is completed when transient errors have decayed to within the budgeted

values. Note, however, that aiter step 1 only, phase control has been sufficiently
achieved to begin the ambiguity resolution process (minor tone acquisition),
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The total time required to complete the acquisition process increases as the major
range tone S/ and the acquisition and tracking bandwidths decrease.

4,3.2,2 SLEW PERFORMANCE — The initial step in acquisition of range tone
phase lock is an open-loop slew toward the stable null. This slew toward null is
accomplished in two steps:

1. Shift phase digitally 180° using VCXO divide by 6.

2a, For 500 kHz + 100 kiiz MRT, slew toward rull at fixed rate using VCXD
frequency offset until measured phase error is zero (actual error may not
be zero due to lag and presence of noise),

2b, For 20 kHz, digitally slew using VCXO divide by 6 until measured phase
error is zero,

The time requi:ed to accomplish each step is cons'rained by the detector filter noise
bandwidth requi *ed by the range tone S/¢ and the resultant filter lag and slew rate
limitation,

The phase error input to the PLL, when first l-crAer configuration, is
determined by the error of stopping slew caused <, ‘il v ind random noise (and
by signal dynamics).

A gingle~pole, low-pass filter is used to improve null detection S/N for slew control
for low range tone S/9 values., The detector o.tput is a sinusoidal function of fre-~
quency 9 slew/360 Hz, The rilter causes a lag of the arror signal of:
0 = 6 8 )
Lag arctan (6 slew/180 Af3 B
where,

6 Slew = PLL slew rate (deg/ sec)

Af 3db Half-power frequency of low-pass filter

The null detector phase lag for various slew rates and detection bandwidths will be

Slew Rate Detection Bandwidth Lag Error
(°/sec) (Hz) (Degrees)
200 3.50 9°
121 3.39 5. 1°
200 1.25 25°
120 1.25 15°



No filter phasc lag occurs when maximum noise bandwidth (160 Hz two-sided) is used,
since this bandwidth is determined by a bandpass filter ahead of the PLL phase detec-
tor. The equivalent phase error due to random noise at the input of the slew control
logic circuit (slew detection filter output) is:

Oy = arctan JN?zs

= arctan m

where,

BNl = One-sided noise bandwidth of filter ~ 1,6 f3dB

O¢ = RMS crrcr of apparent phase
5/¢ = Range tone S/N power density ratio

f 3B = Half-power b'ndwidth of fi'ter (low-pass)

The random noise error coniribution to phase error at end of slew is listed in
Table 4.3.2.2-1 for appropriate combinaos of S/9¢ and LB

Table 4.3.2.2-1, Rsndom Noise Zrror
Contribution to Phase Error

f3qm s/¢ oy
@z) (dB-Hz) (Deg) BN,
50% 50 1.62 80
5 30 5.11 8
1 30 2,29 1.6
1 12 20 0.16

*Obtained from 100 Hz RPF ghead of PLL phase detcctor




4.3.2.3 TRANSIENT RESPONSE — Figures 4.3.2.3-1 through 4.3.2.3-6 arc
gereralized cases and show normalized PLL transient responses to small, step inputs
of position, velocity, or acceleration (step is small when d (sin 6,) /dé. =1,

Figures 1.3.2.3-1 through 4,3.2.3-3 apply to a 2nd-order loop with a nominally
1 erfect velocity integrator and a damping factor ¢ =0.707. The open loop transfer
function for such a loop is:

2% S +wo/ 2%)

S2

GE) =

\IE%(S+%/\E)

SZ

2.663 BN, (S + 1.331 BN )

SZ

where,
BN1 = One-sided noise bandwiuth of loop

G = BN 1 / 0.531 for ¢ = 0.707 and 20% position step error overshoot

Figures 1.3.2.3-4 through 4.3.2.3-6 apply to a 3rd-order loop with nominally perfect
integrators and an open-loop transfer function of:

s (5+4/3)"
4 S3

G )

2
3.6263 BN (s ~0.4486 BNI)

S3

where,

“ = BN ] / 0.743 ©Hr 20, position step error overshoot



The scales .f all figures are as follows:

1,

Tine is presented as the product BNl x Time, thus actual time is
t = (scale time)/BN 1

Error is presented as the ratio of [Error/ (Input Step)] / (BNl)l.
where,

i

0 f. ; position step

i = 1 for velocity step

i

2 for acceleration step

The predicted closed-loop transient response of the MRT PLL for a number of condi-
tions is illustrated in Figures 4.3.2.3-7 through 4 3.2.3-15. These respunses were

obtained through computer simulation of the PLL with input conditions corresponding

to nominal worst case situations. Descriptive data pertinent to the various figures is
summarized in Table 4.3.2.3-1. In all cases:

lo

3.

4.

The resporse starts at the time the PLL is initially closed in a 2nd-crder
configuration. This is after any required slewing is completed.

The initial phase error simulated at the time of loop closure is greater
than or equal to the one sigma uncertainty in phase due to noise present
in the observation bandwidth used during slew.

The loop is allowed to settle in the second~order configuraticn for approxi-
mately 5 time constants (BN1 t =5).

A.ter secttling in the initial 2nd-order configuration, the loop bandwidth is
reduced and the configuration changed to 3rd-order.

The assumed phase error at the time of bandwidth reduction and configura~
tion _lrange is the rms ervor due to noise in the initial bandwidth. (This is
the reas~n for the apparent stcp error in the figures).

The signal frequency dynamics present during the acquisition process
correspond to the full specified dynamics for the strong signal cases (§/0 =
50 dB=-Hz) and one-fifth of that for the medium (/0 = 30 dB-Hz) and

weak (S/¢ = 12 db-Hz) signal cases.

For the cases where signal dynamics have a significant effect. the phase
error ('~ to noise at the time of bandwidth switching is introduced in both
polari\

Figure 4.3.1,2-1 estab'ishes the range accuracy requirements for the system, From
this figure, the lotal allowable rms phase error under various conditions can be



cetermined. The total allowable values are listed in Table 1.3.2.3-2. A portion of
this total allowable error can then be allocated to transient lock-up error to account
for the residual phase ¢-ror due to transients at the time acquisition is considered
completed. Figures 1.3.2.3-7 through 4.3.2.3-15 car then be used to detérnine the
time (after initially closing the loop) required to get the residual transient phase error
v7ithin the allocated amount. The allocated transient phase errors and the required
times are also given in Table 4.3.2.3-2. In some cases, the allocated transient
er-or is approximately two-thirds of the total allowable phase error. Although this
may seem large, it should be noted that the responses represented by Figures
1.3.2.3-7 through 4. 3. 2.3-15 are for severe cases (maximum required dynamics,
minimum S/0 within range, and maximum rate-aid error) and in general, the ervors
will be considerably less, Furthermore, the error can be in either direction and
statistically should combine with other errors in a rool -sum-square manner.
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Table 4,3.2,3~-1,

Transient Response Descriptive Data

Figum 4- 3. 2. 3"
-7 -8 -9 -10 -11 -12 -13 -14 -15
MRT Frequency (kHz) 500 100 20 500 100 20 500 100 20
S/e (AB-Hz) 50 50 50 30 30 30 12 12 12
0 (deg/sec) 1.0 | 0,20 | o0.,04 |o0,2 0.04 0,008 0.2 0. 04 0.008
0 (deg/sec’) 0.01 | 0,002 | 0,0004| 0,002 |0,0004 | 0,00008 | 0.902 | 0.0004 | 0.00008
Initial phase error (deg) 4 4 4 4 4 4 25 25 25
Second-order bandwidth 4,8 4,8 4.8 0.6 0.8 0.6 0.15 0,15 0.15
(Hz) (one-sided)
Second-order S/N (dB) 40 40 40 29 29 29 17 17 17
Second-order rms phase 0.4 0.4 0.4 1,4 1,4 1.4 5.6 5.6 5.6
error due to noise (deg)
Third-order bandwidth (Hz) | 0.6 0.6 0.6 0.0375 | 0,0375 0.0375 0.0375 | 0,0375 0.0375
(one sided)
Third-order S/N (dB) 49 49 49 41 41 41 23 23 23
error due to noise (deg)
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Table 4.3.2.3-2. Transient Response Summary

TOTAL TRANSIENT TIME RQRD
ALLOWABT® ERROR TO REACH
ERROR ALLOCATION | ALLOCATION
CONDITIONS (Degrees) (Degrees) (Seconds)
S/¢ = 50 dB - Hz
500 kHz MRT 1.2 0.3 1.2
100 kHz MRT 0.32 .0.16 1.5
20 kHz MRT 0.32 0.16 1.5
S/¢ = 30 dB - Hz
500 kHz MRT 1.2 0.8 13.0
100 kHz MRT 0.53 0.35 17.5
20 kHz MRT 0.53 0.35 17.5
S/¢ = 12 dB - Hz
500 kHz MRT 3.4 2.0 42
100 kHz MRT 3.4 2,0 42
20 kHz MRT 3.4 2.0 $

4-34




4.3.3 TRACKING PERFORMANCE

In all cases the MRT PLL will perform tracking in a third-order configuration with
near perfect integrators. Thus, loop tracking phase errors due to velocity and
constant acceleration dynamics will be near zero (less than 0.1%). Transient errors
due to steps in velocity or acceleration dynamics can be predicted from Figures
4.3.2.3-5 and 4.3.2,3-6.

Otker tracking errors, discussed in P.ragraph 4.7.2, consist of systematic errors
caused by phase detector and A/D converter drifts due to temperature, and random
errors due to VCXO phase jitter and phase error digitizing.

Errors due to additive input thermal noise are discussed in Paragraph 1.7.3.

4.4 MINOR RANGE TONE CORRE LA TION

Operating together, the Range Tone Processor (RTP) and Digital Range Tone Extractor
(DRTE) automatically synchronize the synthesized minor rauge tones with the received
minor range tones in a prescribed sequence, starting with the highest minor one and
ending with the 10Hz tone.

The synchronization process for each tone consists of:

1. Correlation (phase comparison) of local tone with received tone
2. Deciding which of three possible levels the correlation function lies in

3. Correction ¢ phase error in accordance with decision logic discussed
in Paragraph 3.2.8, Table 3.2.8-1.

4. Repetition of steps (1) through (3) until agreement {peak correlaticn)
is obtained.

In the absence of decision errors, a2t least two and not more than three correlations
are required.

The correlaticn process is performad by a phase detector and an "integrate-and-
dump" circuit.

For the 100 kHz through 800 Hz minor range tones, the correlation functiv. is
sinusoidal. For the 160 1z through 10 Hz tones, the function is triangular.
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This functional relationship between correlator output and the offset of phase match,
6., can be expressed as:

A
Eo = (2/7) Es cos 0, (100 kHz < fm < 800 Hz)
) 0p 160 Hz < fm < 10 Hz I
= @/ME, (l 'lWl) [ |0¢| =180 deg |

where

Es = Amplitude of input range tone

Figure 4.4-1 is a graph of the two correlation functions normalized to unity. The
possible correlator outputs (excluding any phase or amplitude error) for the various
minor range tones are also indicated. The outputs for the 100 kHz through 800 Hz
tones occur at one of five positions on the sinusoidal function and are separated in
72° (1/5-cycle) increments. The outputs for the 160 Hz tone also occur at one of
five positions, but on the triangular transfer function. The outputs for the 40 Hz
and 10 Hz tones occur at one of four positions on the triangular function and are
separated in 90° (1/4-cycle) increments.

L e —_———— e — — ——————— ]

dn

O 100 KHZ - BOO HZ
o 0 160 M2
A 40 HZ 10HZ

Figure 4.4-1. Correlator Outputs

4-36



The correlator output is compared W two different slicing (reference) levels anc
decisions made as to whether the correlator output is above or below the reference
levels. These decisions provide information as to which of three states the apparent
phase is in., These states correspond to:

State 1 0° (all tones)

State 2 +72° (100 kHz - 160 Hz)
£90° (10 Hz, 10 1lv)

State 3 £144° (100 kHz - 160 H2)
150° (40 Hz, 10 l17)

In the presence of a given noise level and with a given integration time, the difference
in level between tie slicing reference level and the no ainal correiator output
determines the pr ‘bability of a decision error, P e Or contrarily, in the presence
of a given noise l¢ -el, and for a required decision error probability, the difference
in levels determines the required integration time. This is stated mathematically
as:

T = K/(S/¢) sec

where
T = Integration time
K = Function of error probability and level differences
S/9 = Signal-to-noise power density ratio
For P = 10‘.3
e
. 2
K = 2,945/(a-b)
where
a = Limiting value of correlation output
b = Normalized value of slicing level

The nominal values for "a' are those corresponding to the various possible output
levels shown in Figure 4.4-1. The limiting values, however, are different due io
phase and amplitude drifts and other systematic errors which can »ccur. The
ranges of "a' for the various tones are shown in Figure 4.4-2. These ranges
correspond to phase errors of 210° and amplitude errors of 414%,
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Figure 4.4-2. Normalized Correlation Output Limits

From the figure it can be seen that the worst-case situation occurs when making the
decision as L State 1 or State 2 for the 100 kHz through 800 Hz tones. In this case
the level limits are separated by 0.847 - 0,535 = 0,312, If the slicing level, 'b",

is sl midway between the two values, then |a~b| = 0.156 and (a-b)2 = 0.0243,
Reference levels will be used in the Ranging Equipment such that this is the minimum
value of (:1—-b)2 in all cases. With this value, the maximum K is:

K =2,945/0,0243 = 121
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and the maximum required integration time is:
T = 121/(8/9) sec

It all cases, the integration time used is at least this large and the | a=<b | value is at
2ast 0,156, Thus, the decision error probability, Pe' will be less than 1073, In
many situations the integration time used is longer and the |a-b] value is con-
siderably larger. Thus Pe will be considerably smaller.

Also, it should be noted that P, is the probability of error for a single decision.

With the phase matching logic used (Table 3.2.8-1), at least two decision errors

wre necessary to leave a tcne improperly adjusted. Since the decisions are independ-
‘nt, the probability of that occurrence is:

Since as many as 7 tones are phase matched, the total probability of ambiguity
error is:

(P) =1P) s 7x107°
T 1

Tke actual integration times selected for use are given in Table 4.4-1,

Table 4.4-1. Integration Times For Minor
Range Tone Correlation

s/e INTEGRATION TIME
(dB-Hz) (sec)
' 10 - 16 12.8
16 - 22 3.2
22 - 28 0.8
28 - 34 0.2
‘ Above 34 0.05
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4,5 CODE CORRELATION

Operating together, the Range Tone Processor, the Digital Range Tone Extractor
and the Local ARC Generator automatically synchronize the local ARC with th«
received ARC. The synchronization process consists of:

1. Correlation (phase comparison) of local ARC with received ARC

2, Comparing apparent correlation level with decision level for decision
that ARC is matched

3. Delaying local ARC by 16-bit position, if (2) is not satisfied
4. Repeating steps (1) through (3) until (2) is satisfied.

The correlation process is performed by a phase detector and an "integrate-and-
dump"” circuit. The input signals to the phase detector are the, (previous!y phase
matched) received and local 4 kHz minor range tone pair which are bi-phase
modulated with the received and local ARC respectively. The correlator integrates
the phase detector output over an integral number of code bit periods, but over a
time interval which in some cases is less than the code length.

The output of the correlator at each sample time, is:

EO = Es (2/7) Cos N Code Matched
= Es (2/7) CLR Cos 6, Code Not Matched
where:
0y = Phase difference beiween local and received 4 kHz sub-carrier
ES = Amplitude of input 4 kHz sub-carrier
C LR = Cross~-correlation between the local and received code when

not matched

The value of CLR depends on code position and the correlation interval. For the
code sclected, a digital computer was used to determine C LR for a range of
corrclation intervals, expressed as the number of bits correlated. Results of
that analysis are summarized in Figure 4.5-1 for intervals of interest; as can be
secen C p < 0,3125 for an interval at least 0,2 second (32 bits). This has been
chosen as the minimum integration time and will be the largest CLR'
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The required integration time, T, for a decision error probability of 10 ~ is:

T = 6.96/(a-b)2 (S/0)

Allowing +10° error of sub-carrier phase match and $14% signal amplitude error
(same as for minor range tones), the boundary values of normalized Eg ("a") are:

1. Code Matched
Lower Limit = 0.86 Cos 10° = +0,847

2. Code Not Matched
Upper Limit = (1.14 Cos 0% (.3125) = +,356

Setting the slicing level, 'b", at +0.601 gives a normalized separation value
} a-h] =0,246. Thus

K :_-(-;'—?i—i-: 115
. 246
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and the required integration time is

T = 115(S/9) sec
for each code match decision.
In all cases, an integration time considerably longer than this is used and the decision
error probability will be considerably less than 10'3. (The actual integrat:on times
to be used are the same as the minor range tones. given in Table 4.4-1, except that
the minimum time is 0.2 seconds.) For example at S/ = 10 dB, an integration time

of 12,8 seconds will be used whereas the required minimum is:

T = 115/10 = 11.5 seconds
Furthermore, for the relatively long integration times, the unmatched code cross-
correlation factor, Cyp, will be much less than 0.3125 and the probability of
deciding match — when actually unmatched — will be greatly improvea.
For S/6 = 34 dB, an integration time of 0.2 second will be used because this is
the minimum value selected due to cross-correlation. The value required by
noise considerations is, however, only

T = 115/2500 = 9. 046 second

Thus noise will cause decision errors with a probability much less than 10-6.

4.6 RANGE DATA ACQUISITION

4.6.1 GENERAL PROCEDURE

The range data acquisition process comprises the execution of three separate
sequences of action (Figure 4.6.1-1), The initial sequence of events starts with
establishing level control of the MRT and ends with the major range tone PLL
slewed to un approximate null error, with range tone AGC fully effective, and with
the phase acquisition mode (FAST, MEDIUM, or SLOW) selected.

The other two sequences of events are executed in parallel; they separately cul-
minate in:

1. Major range tone PLL operation in the appropriate bandwidth and 3rd
order mode with major aequisition transient settled

2. Resolution of major rangc tone ambiguities with the minor range tones
and the ARC
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Figure 4.6.1-1, Acquisition Sequence

Manual control of operating mode (when effective during acquisition) deletes the
S/9 determination action from the first sequence. After completion of acquisition,
manual control results in change of PLL bandwidth (for change between FAST and
MEDIUM).

The three sequences and their time schedule are discussed below.

4.6.2

AGC/SLEW SEQUENCE

The AGC/slew sequence sets up the initial conditions for the PLL acquire and
ambiguity resolution sequences which follow. The actions which are completed
during the AGC/slew sequence are:

1.

Provide nominally correct major range tone power level into PLL and
level sensing circuitry (establish AGC)

Determine the S/¢ of the received major range tone and select the appro-
priate operating mode (FAST, MEDIUM, or SLOW) for the next sequences
of data acquisition and for tracking

Slew PLL output signal to nominal null error with respect to input signal

Re-establish level control,
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An acquisition mode selection of FAST, MEDIUM, or SLOW i8 made in accordance
\\“ith:

Fast: S/¢ = 50 dB - Hz
Medium: 50dB - Hz> S/o> 30dB - Hz
Slow: 30dB -Hz > §/¢

4.6.2,1 LEVEL CONTROL AND MODF SELECTION — The process of determining
S/¢ and selecting the operating mode is shown in Figure 4.6.2,1-1, Two basic
decisions are made:

1, The major range tone is being received and is controlling amplifier gain

2, The S/p value is above 50 dB - Hz, below 30 dB - Hz or between these

two values.

The S/¢ determination i8 made by comparison of the output of a wideband IF noise
detector with two reference levels after AGC has had sufficient time to approach
the final mean value.

4.6.2.2 SLEW — Sl§w of PLL output signal is initiated as soon as the operating
mode is selected.

Digital logic (operating on filtered output signals of the coherent detectors which

are used for PLL control and for AGC) controls a fast 180° digital slew and a slow an-
alog slew of the PLL feedback signal. Filter bandwidths and slew rates are selected
to minimize filter lag and S/N effect on phase error at end of slew consistent with the
acquisition time requirements.

4,6.3 MRT PLL ACQUISITION

After slew is completed in the previous sequence, the MRT acquisition consists of:

1. Closing PLL in relatively wideband second-order configuration
2. Waiting for acquisition transients to sufficiently settle

3. Switching PLL to nirrow bandwidth third-order configuration
4. Waiting for acquisition transients to sufficiently settle

The PLL performance and response to these steps are discussed in Paragraph
4.3.2,3,
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4.6.4 AMBIGUITY RESOLUTION

Ambiguity resolution consists of phase matching all of the minor range tones and the
ARC. These sequences are described in Paragraphs 4.4 and 4.5.

4.6.5 ACQUISITION TIME SUMMARY

4,6.5.1 GENERAL ~ The various steps required to achieve range data acquisition
have been described; they consisted of:

1. AGC/Slew
2. MRT PLL Acquisition
3. Ambiguity Resolution

Steps (2) and (3) are conducted in parallel.

This section provides a summary of the total time to perform those steps for three key
S/¢ values. Not included in the acquisition time summaries are propagation delay
times which will depend on range, and which can be substantial for very long ranges.
For example, at lunar range, the round trip propagation time is approximately 2.47
seconds. Since there may be as many as 8 range tones plus the ARC transmitted
sequentially, the total time lost due to propagation would be about 22.3 seconds.

4.6.5.2 AGC/SLEW — The initial AGC bandwidth is approximately 0.5 Hz (one-
sided noise). Allowing about 2.5 time constants for settling of AGC, the signal will
be properly level controlled in approximately 1. 25 second at a modulation index of 0.2
rad. At B = 0.5 rad, the 1,25 second time is reduced to 0,75 second, At that time,
the following actions can be taken:

1. Detect signal presence
2. Select acquisition mode (FAST, MEDIUM, SLOW)
3. Start slew

For all signal cases, slew will require 1.0 second at most,

After ~lew is completed the AGC bandwidth is reduced and the MRT PLL acquisition
and ambiguity resolution processes are started in parallel. For strong signals, 0,5
seconds is required to re-establish the correct level of AGC; for S/o0 = 50 Db-Hz, 4

seconds is required,

4,6.5.3 MRT PLL ACQUILITION -~ The major raugc tone PLL is considered fully
acquired when its acquisition transient errors have settled to an allowable value, The
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allowable values and required maximum times were given in Table 4.3.2.3-2. In
summary, t~ maximum required times were:

Strong Signa! 1.5 secs
Mediwin Signal 17.5 secs

Weak Signal 42 secs

4.6.5.4 AMBIGUITY RESOLUTION - The ambiguity resolution process cons. sts of
a scries of sequences:

1. Integrate and compare (correlation)
2., Dump and correct (correction)

The times for each event are determined by the S/¢ values and the tone . ...\C being
operated upon; se> Table 4.6.5.4-1,

Table 4.6.5.4-1. Schedule of Correlation and Cnrrection Intervals

Correlation Correction
S/e (T (To) Applicable
(dB - Hz) (secs) (msecs) Signals
10-16 12,8 50 All minor tones and ARC
16-22 3.2 50 All minor tones and ARC
22-28 0.8 50 All minor tones and ARC
28-34 0.2 50 All minor tones and ARC
> 34 0.05 1.25 800 Hz & above
> 34 0.05 6.25 160 Hz
> 34 0. 05 25 40 H~7
> 34 0.05 50 to 100 10 Hz
> 34 0.2 50 ARC
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If no decision errors are made during the process, at most 3 correlation and corrcc-
tion cycles are required for each minor range t Fcr the strong signal casc. the
range shculd be within the 10 Hz ambiquity range and unly one ARC correlatioi. should
be required to verify that fact. For the medium signal strength, it i€ assumcd that
the ARC can be preset so that, at most, 10 correlation and correction cycles are
required. For the weak signal case, nu preset knowledge is azsvmed.

Summaries of the ambiquity resolution times are given for tne three signal strength
cases in Tables 4.6. .,.4-2 through 4.6.5.4-4.

Table 4.6.5,.4-2. Corrslation and Correction
Time Summary for S/¢ = 50 dB - Hz

Time (msec)

Correlation Correction Total
Signal (Ty) (Ty) (T, + T )*
100 kHz 50 1.25 153.75
290 kHz 50 1.25 153.75
4 kHz 50 1.25 153.75
800 Hz 50 1.25 153.75
160 Hz 50 6.25 168.75
40 Hz 50 25 225
10 Hz 50 50 to 100 450
ARC 200 50 ; 250

Maximum Total Time 1.69 sec

*
n = 3 for all toneas

n =1 for ARC
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Table 4.6.5.4-3. Correlation & Correction Time
Summary for S/¢ =30 dB - Hz

Time (msec)

Correlation Correction Total
Signal (T (T,) n(T, + T )*
100 kHz 200 50 750
20 kHz 200 50 750
4 kHz 200 50 750
800 Hz 200 50 750
160 Hz 200 50 750
40 Hz 200 50 750
10 Hz 200 50 to 190 900
ARC 200 50 2500

Maximum Total Time (Sec) 7.9 Seconds

*
n = 3 for all tones
n= 10 for ARC
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Table 4.6.5.4-1. Correlation & Correction Time
Summary for S/9 =12 dB - Hz

Time (msec)
Correlation Correction Total
Sigual (Ty) Ty Ty + Ty)*

100 kHz 12,800 50 38,550
20 kHz 12,800 50 38,550
4 kHz 12,800 50 38,550
800 Hz 12,800 50 38,550
160 Hz 12,800 50 38,550
40 Hz 12,800 50 38,550
10 Hz 12,800 50 to 100 38,700
ARC 12,800 30 539,700

Maximum Total Time 809.7 seconds (13.5 minutes)

*
n = 3 for all tones

n = 42 for ARC

4.6.5.5 TOTAL TIME — A summary of the total acquisition time for each of the
three cases is given in Table 4.6.5.5-1. The total time consists of the AGC/Slew
time plus the longer of the MRT PLL acquisition or the ambiguity resolution time.
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Table 4.6.5.5-1. Total Acquisition Time Summary

Time (Sec)
Sequence S/e = 50 dB S/9=30dB - Hz S/¢=12dB - Hz
@ AGC/slew 2,25%* 6.25 6.25
(® MRT PLL 1.5 17.53 42
Acquisitions
(®) Ambiguity 1.69 7.90 809. 7
Resolution
Total Acq 3.4 21.75 841
Time (Sec)*
*
Larger of @) + (2) and @ + @)

=k
At 8 = 0.5 rad.
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4.7 RANGE MEASUREMENT ERROR

This error analysis of range measurement performance is consistent with the tollow-
ing definitions:

RANGE RESOLUTION — The smallest measurable quantity that will yield a determin
istic output range vale.

RANGE INSTRUMENTAL ACCURACY — Range instrumental accuracy includes all
random and systematic errors due to the Ranging Equipment hardware in the presence
of an infinitely high input S/N ratio.

RANGE ACCURACY — Consists of range instrumenial accuracy plus the effect of re-
ceiver input thermal noise. Error due to uncertainty in initial zero-set and knowledge
of the velocity of propagation is not included.

The unit used to express range measurement requirements and performance is the
meter. Table 4. 7-1 provides a set of conversion factors used in the range measure-
ment error analysis.

Table 4. 7-1. Range Measurement Conversion Factors

FREQUENCY, f

UNITS FORMULA* 500 kHz 100 kHz 20 kHz
nsec/cyc 109/f 2,000 10,000 50,000
nsec/degree 109/360f 5.55 27.7 138.8
degrees/nsec 3601/ 109 0.18 0.036 0.0072
meters/cyc c/2f 300 1500 7500
meters/degree c/720f 0.83 4.186 20.83
degrees/meter 720f/c 1.2 0.24 0.048
meters/nsec o/ (2 x 109) 0.15 0.15 0.15

*All factors for range are one way 8
Velocity of propagation c taken as 3 x 10 meters/sec.
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4.7.1 RANGE RESOLUTION

The range resolution, as defined above, is set by the number of increments per cvcle
used in measuring phase delay of the major range tone; it is given by:

AR = ¢ 2Mf
m
where,

AR = Resolution (increnicnt size)
]
c = Velocity of propagation, 3 x 10 meters’/secord
M = Number of delay increments per cycle

fm = Major range tone frequency
The value of the product Mf,, is the same for 500 kHz, 100 kHz, or 20 kHz and is
(using the values of M and f, for the 500 kHz range tone):

Mf = @ x 109 (5x105) - 10°.

Thus, the resolution is:

8
AR=> 3x10 /2 x 109 = 0.15 meter

4,7.2 RANGE INSTRUMENTAL ACCURACY

Range instrumental accuracy is limited by systematic and random errors occurring
within the Ranging Equipment. The errors of concern are those associated with the
fine-range data signal processing. Intermediate- and coarse-range data is used only
to resolve ambiguities in the fine-range data. The fine-range data signal processing
and information flow is illustrated in Figure 4.7.2-1.* For reference purposes, some
of the signal processing elements in the diagram have been arbitrarily numbered. The
errors discussed below are those contributed by the Ranging Equipment. Errors contrib-
uted by sources outside the Ranging Equipment (part of the RF Link, Figure 4.7.2-1)
are not included. For example, group delay variations in the Exciter, MFR, and
Transponder will contribute error to the ranging measurement, but are not included

in the analysis since they are not part of the Ranging Equipment. Ranging accuracy

as discussed in Paragraph 4.7.2, however, does include input thermal noise error.

4.7.2,1 SYSTEMATIC ERRORS — Systematic errors result from modulation group
delay and phase variations within the processing elements as a result of temperature

*For convenience bound in Appcndix A.
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change and signal frequency dynamics (doppler and doppler rate). Table 4.7.2-1 sum-
marizes the errors by cause for elements shown in Figure 4.7.2-1. The errors are
individually discussed below.

4.7.2.1.1  Temperature Change — The temperature variation within the cabinet is
estimated to be +12°F (see Paragraph 3.1,1). Most of the Ranging Equipment circuitry
operates over that range and the following analyses and estimates are based on that
temperature variation. Selected elements, however, are controlled through heater
circuits to operate over smaller temperature variations. For those elements, the
error analyses and cstimates are based on the controlied temperature variation.

Filters 1A, 1B, and 1C are all 2-pole LC, bandpass filters with a Q of 2. Over the
operating temperature range, the fractional detuning will be less than +200 ppm result-
ing in a phase shift of less than+0,1°,

Filters 2A, 2B, and 2C are all LC filters with a half-power bandwidth of 70 kHz. The
500 kHz and 100 kHz filters are 1-pole bandpass, and the 20 kHz filter is a 2-pole low-
pass. Over the operating temperature range, (the 500 kHz filter is temperature con-
trolled) the fractional detuning and resulting phase shift will be less than the following
values:

4
Filter No. & Fractional Detuning Phase Shift (degrees)
2A +100 ppm %0.08
2B +500 ppm +0.08
2C +500 ppm +0.016

Filter 6 is an LC, 2-pole low-pass filter with a cutoff frequency of 1 MHz. Detuning
due to temperature variations will result in these phase delay variations:

Major Range Maximum
Tone Frequency Phase Shift (Degrees)
500 kHz +0,05
100 kHz £0,01
20 kHz +0.002

Filter 3 is a 1-pole bandpass crystal filter with a half-power bandwidth of 100 Hz.
Over its controlled temperature range, the phase shift will be less than £0. 15°.

Filter 4 is a 1-pole LC filter with a balf-power bandwidth of 100 kHz; however, this
filter, as well as the axis-crossing detector (ACD 3) which follows it, is within the
major range tone PLL. Thus slowly varying phase shifts caused by temperature
changes will be tracked out and ne. contribute error to the ranging measurement,
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Table 4.7.2-1. Systematic Range Error Summary

ERROR MRT 500 kHz 100 kHz 20 kHz
SOURCE ERROR+» DEG | NSEC| DEG |NSEC| DEG |[NSEC

TEMPERATURE CHANGE
Filter 1 0.1 |o.6 0.1 2.8 | 0.1 13.9

2 n.08 0.4 0.08 2.2 0.016 2.2

3 0.15 [0.83 0.15 4.2 ] 0.15 }]20.8

4 - - - - - -

5 0.035]0.2 0.007 .2 0.002 0.2

6 0.05 (0.3 0.01 3 0.002 0.3
ACD 1 - - - - -

2 0.18 |1.0 0.036 | 1.0 0.007 1.0

3 - - - - - -

4 - - - - - -
AGC & Demodulator 0.18 |1.0 0.036 | 1.0 0.007 1.0
Rate Aid - - - - - -
Major Range Tone PLL 0.1 0.6 0.1 2.8 0.1 13.9
Phase Data Multiplier PLL 0.1 0.6 0.02 .6 0.004 0.6
RSS (Temperature) 0.36 |2.0 0.23 6.4 0.21 28.8
SIGNAL FREQUENCY DYNAMICS
Filter 1 - - - - - -

2 0.08 (0.4 .016 4 0.003 0.4

3 0.003| 0.02 .0007] .02 | 0.00013 0.02

4 - - - - - -

5 - - - - - -

6 0.05 |0.28 0.01 0.28 | .002 | o.28
ACD 1 - - - - - -

2 - - - - - -

3 - - - - - -

4 - - - - - -
AGC & Demodulator - - - - - -
Rate Aid - - - - - -
Major Range Tonc PLL 0.1 |o0.6 0.1 2.8 | 0.1 13.9
Phase Data Multiplier PLL 0.01 |0.03 0.001 03| 0.0002 | 0.03
RSS (Pvnainics) ' 0.14 |0.77 | 0.10 | 2.84 ] 0.10 |13.9
RSS Total 0.38 | 2.14 0.25 7.0 0.23 32.6
RSS Total (Meters) 0.32 1.05 4.8
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Filter 5 is an LC, 1-pole bandpass filter with a half-power bandwidth of .2 Miir

O\v. ¢ the environmental temperature range the fractional detuning wi!® be : 20 .vm
resulting in a 48 MHz phase shift of :3.5°. However, this phase shift is divi. ¢/ 1,

100 prior to injection into the data processing signal path. Thus the error - ' tricution
is 20.085° at 500 kHz. The equivalent errors for the 100 kHz and 20 i.Hz ' 1iiT are
+0,007° and 20.0013° respectively. ACD 1 is common to the transmitted major range
tone and reference signal paths; thus, slowly varying time delays are cancelled and

do not contribute error to the ranging measurement.

ACD 2 operates at 48 MHz and has time delay variation due to temperature of less than
1 nanosecond. This results in a phase shift at 480 kHz and in the data signal path of
less than +0.18°. This is the error for the 500 kHz MRT. However, the equivalent
error for the 100 kHz and 20 kHz MRT is divided by 5 and 25 respectively.

ACD 4 is within the Phase Data Multiplier PLL. Thus slowly varying drifts will be
tracking out and not contribute to error in the ranging measurement,

Rate aid signals are employed in the data path in such a manner that slowly varying
phase shifts in the rate aid circuitry will be cancelled and thus not contribute error
to the ranging measurement.

The AGC and demcdulator circuits are designed for low group delay variation over the
range of operating temperature, noise, and signal leveis. The variation is predicted
at less than x1 nanosecond.

Major range tone PLL tracking errors are caused by nhase detector and A/D converter
drifts. Due to noise handling requirements, these units have a large dynamic oper-
ating range and drifts are predicted at =0, 1° for the combined effect using temperature
control,

For the phase data multiplier PLL, noise handling and dvhnamic range requirements
are small. Thus phase detector drifts can be less than +0, 1° at the tracking frequency.
The equivalent error at the MRT frequency is +0.1° for the 500 kHz MRT, #0.1/5 for
the 20 kHz MRT, and 10.1/25 for the 20 kHz MRT.

4,7.2.1.2 Signal Frequency Dynamics — Since there are no signal frequency dyvnam-
ics on the reference signais, elements in the reference signal processing circuitry do
not contribute error due to signal frequency dynamics. Elements in this category are
ACD 1, ACD 2, Filter 1, and Filter 5.

Again, because of cancellation, the rate aid circuitry also does not contribute error.
And again because of being within PLL's ACD 3, ACD 4, and Filter 4 do not contribute
error. Because the demodulator operates at a constant 110 MHz, it also does not con-
tribute error due to signal frequency dynamics.
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The range tones passing through Filters 2A, 2B, and 2C have their full doppler since
rate aid has not yet been injected. Phase shift through these filters (all of which have
a 70 kHz half-power bandwidth) due to doppler is:

Filter No. Maximuwm Doppler Maximum Phase Shift (degrees)
2A +50 Hz +0.08
2B +1vu Hz +0,016
2C + 2 Hz 0,003

Similarly the range tones passing through Filter 6 have full doppler. Phase shifts due
to Doppler in this filter are:

Major Range
Tone I'requency Maximum Phase Shift (degrees)
500 kHz +0.05
100 kHz +0,01
20 kHz +0, 002

The range tone passing through Filter 3 has been rate aided; thus only residual doppler
is present. This residual is only 1/17,600 times the original doppler. Phase shift
due to doppler is:

Major Range Maximum Maximum
Tone Frequency Residual Doppler (Hz) Phase Shift (degrees)
500 kHz 02.84x10 £0., 0031
100 kHz + 5.68 x 10_ +0,0007
20 kHz +1.14x 10 £0.00013

Because of its relatively wide tracking bandwidth (2 kHz) and large dc gain, the Phase
Data Multiplier PLL has small tracking error due to signal frequency dynamics,
When tracking, the error is a maximum of +0,005° referred to the PLL input. This
is the error for the case of the 500 kHz MRT, With 100 kHz and 20 kHz MRT f{re-
quencies, the equivalent phase error is divided by 5 and 25 respectively,

‘'he Major Range Tone PLL tracking errors due to velocity and constant acceleration
dyr amics at strong signal are less than 0, 1°,
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$.7.2.2  RANDOM ERRORS — Random errors result from phase jitter vhich 1.
present on the output _*gnal which is digitized as a measure of phase delay. from the
quantizing error itself, and from sampling pulse jitter. Phase jitter mav L. caused
by self-generated noise, spurious signal presence, power supply ripples or any other
random fluctuations which result in rapid variations in axis crossings of tme digitized
waveform. Table 4.7.2-2 is a summary of random erros which are indi\dually dis-
cussed below.

4.7.2.2.1 Reference Range Tone — Jitter appears on the transmi't.d major range
tone due to jitter introduced by ACD 1 and by elements of the clocked divider chain in
the Range Tone Generator. Very narrowband processing of the received tone by the
major range tone (MRT), PLL, however, reduces this jitter to a negligible amount.

Table 4.7.2-2. Random Range Error Summary

ERROR MRT —»! 500 kHz 100 kHz 20 kHz

SOURCE RMS ERROR —»| DEG | NSEC| DEG | NSEC| DEG | NSEC
Reference Range Tone
Rate Aid 0.4 2.2 [0.08 2.2 |0.016 | 2.2
MRT PLL Tracking 0.15 0.8 10.15 4.2 10,15 21
MRT PLL VCXO 0.1 0.6 ]0.02 0.6 10.004 | 0.6
500 kHz ACD 0.18 1.0 |0.036| 1.0 10.007 | 1.0
PDM Reference 0.18 1.0 |0.036§ 1.0 10.007{ 1.0
PDM VCO 0.2 1.1 0,04 1.1 {0.008 | 1.1
40 MHz ACD - - - - - -
Quantizing 0.05 0.3 [0.01 0.3 10.002 | 0.3
Sampling Pulse 0.015( 0.1 10,003) 0.1 10.0006] 0.1
RSS 0.54 3.0 j0.19 5.1 10.16 |21.2
RSS (Meters) 0.45 0.80 3.2

4.7.2.2.2  Rate Aid — Jitter on the rate aid signal injected into mixers M1 and M3
are reduced to a negligible amount by the MRT PLL. Jitter on the 2.16 MHz rate aid
signal injected into Mixer M2 however, is fully translated io the data signal. The
jitter on the rate aid signal is duc to axis-crossing detection, digital division, and
spurious signal presence all developed in the Rate Aid Synthesizer. All of these
effects will result in phase jitter on the 500 kHz data signal in the amount of 0.4° rms.
The equivalent phase error for the cases of 100 kHz and 20 kHz MRT frequencies are
0.4/5°and 9.4/25" rms respectively,
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+.7.2,2.3 MRT PLL Tracking — Because of the very narrow bandwidths reg ired,
the Major Range Tone PLL is partially implemented using digital techniques. I'he
phase error signal is quantized using an A/D converter and then loop compensation
(filtering) performed digitally. The digital output 15 then converted to analog torm to
control the PLL VCXO, Because the error signal is quantized into {inite increments,
random phase tracking errors will occur. The quantizing size wili be such that the
pnase tracking error will be less than 0.15° rms referred to the PLL nput,

4.7.2.2.4 MRT PLL VCXO — The VCXO used in the MRT PLL is a very stable
oscillator, but operates in an extremely narrowband PLL. Phase fluctuations which
are not tracked out appear as phase jitter on the 500 kHz data signal. This phase
jitter will be less than 0.1° rms at the 500 kHz PLL output. The equivalent error for
100 kHz and 20 kHz MRT is 0.1/5° and 0.1/25° respectively.

4.7.2.2.5 500 kHz ACD — ACD 3 is in the feed fr rward path of the MRT PLL.
Therefore, slow y varying time errors are tracked out. Rapid time variations, how-
ever, do appear as phase jitter on the 500 kHz data sigrnal. The ACD time jitter will
be less than 1 nanoscs rins, corresponding to 0.18° rms on the 500 kilz data signal.
The equivalent phase crror for the cascs of 10¢ kHz and 20 kHz MRT is 2.18/5° and
0.18/25° rms respectively.

4.7.2.2.6 PDM Refereuce — The 480 kHz Phasc Tata Multiplier reference sigual
introduces jitter intc the data signal path. The jitter results from ACD 2 and the
+19¢C scaler which arc uscd to develop the 480 LIlz refereace. The time jitter will be
less than 1 nanosecond rmgs, corresponding to 0.18° rms on the dala signal., The
eguivalent phasc error for the cases of 100 kHz and 20 kiIz MRT are 9.18 '5° and
0.18/25° rms respectively.

4.7.2.2.7 DDM VCC — Sclf- generated noise on the VOO used in the Phase Dala
Multiplier alsc mtrv ces pl‘..m, soisc on the data signal. Although the VCC s rcla-

tively wideband and noisy, the PEM PLL is also relatively wideband and thus niost
of the noise is removed or reduced by feedback. The residual crror will be less

Hum n, 90 rme v-nrmm-m.-.ml ta tha DN L MThin mAammamnan Ar tn Arssiecnlart whnmna

cv e+ oAb ete dsaprave Lasrls T va e ma v Tu e e ems weas pieeee -

error of 0,2°, 0.2/5°, and 0,2/25° rms for MRT frequencies of 50¢ kllz, 100 kHz,
and 20 kHz respectively.

1.7.2.2,8 10 MHz ACD — Errors introduced b; ACD 1 tiinc jitter are negligible
because:

1. The basic time jitter is smal.

2. Referenced to the PDM input, the error is divided hy 2000

3. The ACD is in the feed forward path of the PDM PLL, and most of the jitter
is removed by feedback,
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4.7.2.2.9 Quantizing Error — The quantizing error due to the use of a finite number
of increments per cycle of the 500 kHz output signal of the PDM is the square root of
the variance of an error function having a uniform distribution. between zero anu
one-half increment. The rms equivalent time error due to sampling phase of a 500

kHz signal counted in 2000 increments is (1 nsec)/ /12 = 0.29 nanosecond which is
equivalent to 0.05° rms at the PDM input. This corresponds to phase errors of 0.05",
0.05/5° and 0.05/25° for MRT frequencies of 500 kHz, 100 kHz, and 20 \Hz.

4,7.2.2.10 Sampling Pulse — The 10 PPS sampling pulse has time jitter due to
ACD 1 and digital selection circuitry. The time jitter will be less than 2 nanoseconds
rms. This time jitter translates to phase error at the 20 kHz translated data phase
and is therefore equivalent to 0.0144° rms. The equivalent phase error for MRT
frequencies of 500 kHz, 100 kHz, and 20 kHz is 0.0144°, 0.0144/5°, ana 0.0144/25°
respectively.

4,7.3 RANGE ACCURACY
As stated above, range accuracy consists of range instrumental accuracy plus the
effect of receiver input thermal noise. The thermal noise error contribution is given

by:

=< JITH/ [§7o

UR 4nf
m
Where:

. . 8
¢ = Velocity of propagation, 3 x 10 meters/sec
fm = Range tone frequency
Bn = Tracking loop noise bandwidth (one sided)
S/¢ = S/N power density for received range tone

Figure 4. 7. 3-1 depicts rang- accuracy for each major tone as a function of S/¢ for
each of the two possible final tracking bandwidths.
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4.8 DOPPLER MEASUREMENT ERPOR

This error analysis for dopple* measurement performunce is congistent witl  nc
following definitions:

DOPPLER RESOLUTION - The smallest measureable quantity that will vir . 4 deter-
ministic change of doppler cycle count,

DOPPLER INSTRUMENTAL ACCURACY - Includes all Ranging Equipment errors of
cycle count measurement made during a 0.1 second interval.

DOPPLER ACCURACY - Doppler instrumental accuracy plus the effcct of receiver
VCXO phase noise.

The unit of measure used in expressing doppler measurement requrements and per-
formance is the cycle.

4.8.1 DOPPLER RESOLUTION

The doppler resolution, as defined above, is set by the number of increments per
cycle used in accumulatirg a count of elapsed cycles o1 the doppler (with bias) signal.
The increment size is independent of the bias frequency.

Since the extracted doppler (plus bias) signal is multiplied by 1000 (with additional
bias changes) before counting elapsed cycle increments, the doypler resolution is
0. 001 cycle,

4,.8.2 DOPPLE! INSTRUMENTAL ACCURACY

Dopple: instrumental accuracy is determined by Ranging Equipment random errors,
since, by definition, a systematic error is slowly varving und does not appreciably
affect shori-term (0.1 second) measurements. (The doppler data signal flow within
the Ranging Equipment is illustrated in Figure 4.1-1, Appendix A.) Ranging Equip-
ment random error sources contributing to error-of-cycle count over a 0.1 second
interval are summaxrized in Table 4. 3. 2-1 and discussed below. Errors ccatributed
by sources outside the Ranging Equipment are not included. For example, phase
noise present on the MFR VCO, the MFR Synthesizer reference, and the Exciter refer-
ence will contribute error, but are not included in the analysis since they are not part
of the Ranging Equipment. Doppler accuracy, (discussed in Paragraph 4.9) does
include error due to MFR VCO phase noise (due to additive input thermal noise), how -
cver,
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Talle 4.8.2-1. Random Doppler Instrumental Error Summary

RMS ERRCOR
ERROR SOURCE DEGREES CYCLE

DOPPLFR EXTRACTOR

Combined Processing 1.0 0.002¢
DOPPLER MULTIPLIER

Reference Frequencies 1.0 0.0028

PLL VCO 1.8 0. 0050
DOPPLER COUNTER

Digital Circuitry 0.7 0.0020

Quantizing 0.1 0. 0003

RSS Cycle Count Error 2.40 0. 0067

RSE lnterval_Count“l':?f—x"?; L B 3.40 0.009%4

4.8.2.1 DOPPLER EXTRACTOR PROCESSING. The Doppler Extracter (Figure
3.2.13-1) performs frequency multiplication, division, and mixing of various input
signals ito obtain the bias-plus-doppler-data signal. This signal processing can intro-
duce phase noise, primarily due to imperfect suppression of undesired products
(spurious signals). The Dr_pler Exiractor has been designed to minimize these

PO I o 2 LY e A i b temad ndavamce £ Y W per ~ b~
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been allowed for the Doppler Extractor. This is the error present at its output and
corresponds to 2.8 counts rms crror at the Doppler Counter output.

4.8.2.2 DO PLER MULTIPLIER PROCESSING. The Doppler Multiplier (Figure
3.2, 14-1) performs mixing and PLL frequency multiplication of the bias plus doppler
data signal,

REFERENCE FREQUENCIES - Mixing (frequency translation) is performed using
reference frequencies from the Fixed Frequency Synthesizer. As in the Doppler
Extractor, these reference frequencies can introduce phase jitter into the doppler
data due to spurious signal presence. A combined error of 1.0° rms, referred to the
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Doppler Multiplier input, has been allowed. This corresponds to 2.8 counts rms a*
the Doppler Counter output.

PLL VCO - VCO phase jitter due to self-noise is a principal error source. This noise
is reduced due to feedback, and will have a residual error (after feedback reduction)

of less than 1, 25 cycies rms at the Doppler Multiplier cutput. This corresponds to
1.25/250 = 5,/1000 cycles (1.8°) error at the Doppler Multiplier input.

4.5.2.3 DOPPLER COUNTER

DIGITAL CIRCUITRY - The Doppler Counter accumulates a count which equals 250
times the number of whole cycles of input-bias-plus-doppler. In addition, the counter
determines the number of 1/4-cycle increments at each sample time. This combines
to give an increment the size of 1/1000 cycle of the input-bias-plus-doppler frequency.
Ideally, the counter would contribute no error other than the quantizing error discussed
below. To allow margin due to the high countirg speeds, however, an error of 2

counts (2,/1000 cycle) rms is arbitrarily assigned.

QUANTIZING - Data is sampled regularly at a 10 pps rate. The quantizing error due
to the 1/1000 cycle increment size is:

(2} (L) -
oq = (1000) (JFZ‘) 0.0003 cycle rms

14.8.2.4 UMMARY - The random errors discussed above are assumed to be uncor-
related over a 0.1 second or longer interval. The resultant cycle count error at any
sample time is obtained as the RSS of the random errors and is gi en in Table 4. 3. 2-1,

The error in cycle measurement over any sampling interval of 0.1 second or greater
is the RSS of the errors for each sample or:

RSS Interval Count Error = 2 cycle count error

This value is also given in Table 4. 8, 2-1,

As a matter of interest, the rms frequency and range rate measurement errors are

o - 29
£ 5t
. =-C
°r "2t %

[
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where,

o = RMS frequency measurement error

0@ = RMS phase measurement error (cycle count error)
At = Time interval of measurement

() R = RMS range rate measurement error

C = Velocity of propagation

f - Carrier frequency

Iff, = 2250 MH , At = 0.1 seconds and 0¢ = 0.0067 cycle, then

crf = 0.094 Hz
and,
o5 = 0.0063 meter/sec.

4.3.3 DOPPLER ACCURACY

Doppler accuracy consists of the Ranging Equipment Doppler instrumental accuracy
plus the effects of receiver (MFR) VCO phase noise. The effects of VCO phase noise
on cycle count, interval count, frequency, and range rate are:
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where,

(o¢) = RMS cycle count error (cycles)
vCO

(00) = VCO rms phase noise (radians)
vCoO

(O'IC) = RMS interval count error (cycles)

VvCO

(of) = RMS frequency error (Hz)
VvCO

At = Sampling interval (seconds)

(oz) = RMS range rate error (meters/sec)
vCO

fC = Carrier frequency (H=)

C = Velocity of propagation

If

(og) - 1 radian
vCoO

At = 0.1 second

f = 2250 MHz

c

]
c = 3 X 10 meters/sec
then,

(o) ~ 0,159 cyc
vCO

(c..) = 0,225 cye

IC
vCo
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2.25 Hz

(cf)

vCo

(ah)

vCoO

0. 15 meters/sec

A graph of range rate accuracy, which includes the Ranging Equipment instrumental
errors, plus the effects of MFR VCO phase noise, is given in Figure ¢.8.3~1. The
graph is for a sampling interval of 0.1 seconds.
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Figure 4,8.3-1, Range Rate Accuracy
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5. DESIGN VERIFICATION TESTS
Design verification tests were accomniished on three units; S/N 1 (Engineering Mod-
el), S/N 2 (first production unit), and S/N 13 (random selected production unit).
These design verification tests were performed in the Bypass Simulate mode in ac-

cordance with the test procedure of Appendix B. The results are presented in Appen-
dix C.
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1.0 INTRODUCTION
1.1 PURPOSE OF TESTS

These tests are to demonstrate compliance of the equipment with the requirements of Goddard
Space Fl'ght Center specification S-813-P-19 as madified by Contract NAS5-20456, Amend-

ment No. 1.
1.2 SIMULATED INTERFACE

Simula.ed interfaces are used for all signals furnished by, or distributed to, portions of the
system not available at the place of test.

All signal interfaces will be provided by the built-in simulator of the system.

Logic level interfaces are provided by a special STDN Ranging Equipment test set General
Dynamics par. number 2106960. For this reason, unless otherwise specified, the system will
be in the STATIC, BYPASS SIMULATE mode under LOCAL control for the duration of the test.

Where it is necessary to re ord a large number of data points, the Range and Doppler data
will be recorded on a Sangamo Model 3500 recorde. and the recorded data will be analyzed by
computer at a later time. The test set converts the .ra'lel data to a serial stream suitable

for recording.
1.3 RECORDING OF TEST RESULTS

All tests results will be recorded on a separate data sheet, with the exception of the TDF
data which is recorded on tape. The reduced tape data will be recorded on the data sheet.
A copy of the computer printout, from which the data s reduced, will be provided for

NASA and Quality Assurance.
1.4 TEST EQUIPMENT

The following is a list of equipment needed to complete the tests. Equivalent items may be
substituted:
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2.0

2.1

2.2

slides

ITEM QTY DESCRIPTION

1 1 Tape Recorder, Sangamo Model 3500

2 1 IRIG B Time Code Generator

3 1 Oscilloscope Tektronix 475 Oscilloscope

4 1 Computing Counter HP5360A

5 1 Time Interval Unit, HP5379A

6 1 RF Voltmeter, HP413A

7 1 Spectrum Analyzer, HP8551A/851A

8 1 Test Set, General Dynamics,Electronics P/N 2106960
9 3 Attenuator, Kay Model 30-0

10 1 Noise Generator, GD/Electronics P/N 2106988
11 A/R Tape for Recorder, Scotch 871-1-3600 IRH

i2 1 Frequency Synthesizer, HP5105A

13 1 Synthesizer Driver, HP5105B

14 1 Signal Generator, HP606A

15 1 Power Supply +5V, 7 Amps

16 1 Power Supply +5V, 3 Amps

17 1 Power Supply -7.4V, 250 mA

18 1 Ammeter, Weston 901

19 1 Wave Analyzer, HP310A

20 1 HP331A Distortion Analyzer

21 1 Signal Combiner, GD/Electronics P/N 2106987
22 1 Power Meter, HP431C

MECHANICAL REQUIREMENTS

CHASSIS SLIDES

Visually inspect all chassis and insure that they are equipped with quick-disconnect type chassis
NOTE: The fixed frequency synthesizer is not equipped with chassis slides.

CABLE RETRACTORS

Visually inspect all chassis on slides and insure they are equipped with cable retractors,

2.3 GENFRAL ADHERENCE TO SPECIFICATION
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2.3.1 SWITCHES

Verify that all critical switches are guarded to prevent the accidental changing of state while
not introducing an unusual burcen in the normal operation of the switch. A critical switch is
one which, if accidentally thrown, would require an extensive calibration of the system or
interfere with the operation of the system.

2.3.2 MARKING

Verify that all front and rear chassis marking will be suitable to insure durability in the field.

3.0 FUNCTIONAL REQUIREMENTS

3.1 AC POWER INPUT

Verify that the equipment operates off a two (2) wire, 60 Hertz, 115 Volt AC line.
3.1.1 ELAPSED TIME INDICATOR

Verify the presence of an elapsed time indicator on the power control panel and that the meter
increments in tenths of hours.

3.1.2 POWER ON INDICATOR

Verify the presence of an AC power on indicator on the power control panel. Also verify that
the indicator illuminates when the master circuit breaker is on and extinguishes when the
master cir-uit breaker is off.

3.2 FOWER SUPPLIES

The frils w1y 125fs demonstrate that the power supply meets the requirement of the specifica-
tion. For the majority of the cases, vendor data will be used to verify the power supply
performance.

3.2.1 CURRENT DRAIN

In this test, he actual current on the supply is measured with an ammeter and
is compared with the rated current of the supply as shown in the vendor data. The neasured
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value will be less than the 0.8 rated output value.

Supply Rated Qutput 0.8 Rated Output
+15V 6 Amps 4.8 Amps
-15V 5 Amps 4.0 Amps
+5V * 45 Amps 36 Amps
5.2V 15 Amps 12 Amps
+24V Relay & Lamps 10 Amps 8 Amps
+24V Signal 3 Amps 2.4 Amps
3.2.2 VOLTAGE INPUT

Demonstrates power supplies operate with an input voltage varying between 105V AC to
125V AC. See vendor data,

3.2.3 CURRENT LIMITNG & SHORT CIRCUIT PROTECTED

Demonstrates power suppli€s provide current limiting and short circuit protection. See vendor
data.

3.2.4 ADJUSTABILITY

By visual inspection, verify that adjustment controls for the power supplies are screwdriver
type adjustments.

3.2.5 REGULATION

Demonstrates that with worse case line and load regulation will be less than 0.1 percent of full
load. See vendor data.

* On two lines. Measure each line separately and sum for measured output.
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3.2.6 FUSING

By visual inspection. verify that each output is fused separately.

3.3 RANGE TONE GENERATOR

The following tests demonstrate that the Range Tone Generator meets the requirements of the

specification. Simulated inputs for the Station Frequency Standard and Station Timing Signals
are used.

3.3.1 STATIO!" FREQUENCY STANDARD
The frequency standz.d for the test is simulated by a HP Model 5105A frequency synthesizer.
Verify that the signal J 9 (System) has the following characteristics:

Frequency: 5.0 MHz as set on front panel of the synthesizer.

Output into 2V peak-to-peak minimum,

50 chms: -

3.3.2 STATION TIMING SIGNAL

A 10 PPS station timing signal is generated from the 1 MHz fixed frequency output of the H.P.

synthesizer. Using an oscilloscope, verify the signal is as shown in Figure 1. The Station
Timing Signal is available on J10 of the system.

€————80:2ms ———Pp 20£2 f—

ms

00,5V

--- -6 £ 0.5V

FIGURE 1.
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In addition, using the HP5360A computing counter, verify that the pulse rise time is 10 nano-
seconds or less, See Figure 2,

0 0.5V

-6 £0,5

L

10 nanosecond
maximum

FIGURE 2.
NOTE: This signal is frequency coherent with the 5 MHz station frequency standard.
3.3.2,1 SYNCHRONIZATION OF REFERENCE PULSE TO TIMING SIGNAL
This test demonstrates that the internal 10 Hz reference is stable to the simulated

station timing signal to within = 25 nS. See Figure 3. The reference pulse is moni‘ored at
Block 48, IC'Ull Pin 4. Record both the stability and average value of the delay.

Reference Pulse

_* I._ (Range Read)
td;- 25 NS
Station Timing Input
""I (J10 - System)
ltdl + 25 Ns
E Reierence Pulse
) St {Range Read)
!
' FIGURE 3.
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3.3.2.2 LOSS OF SYNCHRONIZATION

This test demonstrates that if the reference pulse and station timing pulse are not synchronized,
the SYNC LOSS indicator will illuminate. Loss of synchronization is demonsti ated by shifting
the Simulated Station timing signal .

To perform the test, the station timing signal is inserted into the t_ input of the computing
counter, and the reference pulse is inserted into the t_ input of the counter. Vary the 5 MHz
output of the frequency synthesizer by a small amount, and the time interval display will
vary. When the time diffe.¢nce exceeds the tolerance, the SYNC LOSS light will illuminate.
See Figure 4. The time stability should not exceed + 25 NS,

Station Timing

(Scope Sync)
222 rterne s

td

<+ 25 NS
—‘| Window |"—
FIGURE 4.

Set the frequency synthesizer output to exactly 5 MHz. Press the SYNC LOSS button and observe
that the SYNC LOSS light remains out, verifying that the system is re-synchronized.

Disconnect the synthesizer output from J9. For all remaining tests, both the system and system
test set will operate from the 5 MHz laboratory standard which is derived from an H,P. 107 AR
quartz oscillator.

3.3.3 RANGE TONE OUTPUT

These tests demonstrate that the range tone outputs meet the requirements of the specification.
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3.3.3.1 AMPLITUDE

Press the Modulation ON/OFF switch to ""ON' and turn on the 20 kHz toue and the 100 kHz tone.
Observe the output from the interface panel J17 on the oscillosco, e terminrated with 50Q . Va:,
the Modulation Level control pot and check for level control from 4 Vpp to =0 Vpp. System is
in the NORMAL of operation for this test and the following two tests.

3.3.3.2 HARMONIC CONTENT
With only the 20 kHz tone on, adjust the Modulation control pot for 1 Vpp. Switch the output from
the oscilloscope to a HP331A distortion analyzer. Distortion will be less than 1%. Repeat for

the 100 kHz and 500 kHz major tones. Repeat all readings with the Modulat.on Contrr? pot set
at 2 Vpp.

3.3.3.3 RESPONSE TO START COMMAND

This test demonstrates that the Range Tone Generator outputs signals upon receipt of a
START command.

»
A, Select 500 kHz as a major tone; all minor tones are off.
B. Set START/RESET control to RESET.
C. Monitor the Range Tone Output (J17) with a scope and observe
that no signal is preseat,
D. Depress START/RECET control and observe on the scope that
a 500 kHz signal is now present.
3.3.3.4 AUTOMATIC SEQUENTIAL OPERATION OF MINOR TONES
This test demonstrates that once the major tcne is selected, the minor tone, including ARC,
will start at the next lowest frequency and automatically sequenc> down until the ARC is
locked. The test will demonstrate starting from each of the three (3) major tones. Ncte
ARC USE,/BYPASS control is in the "USE" position and the system is in the SIM mode of
operation.
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TABLE I.
MAJOR TONE SELFCTED MINOR TONE SEQUENCER

300 kHz 100 kHz ————» ARC
100 kHz 20 kHz ———s ARC
20 hkHz 4 kHz ——— ARC

Front panel lights are monitored to verify the operationul sequence. Verify that the major
tone selected remains on during the sequencing of the minor tones. Sequencing is complete
when the RANGE ACQ COMP indiz>ator illuminates.

3.3.3.5

MANUA]l OPERATION OF MINOR TONES

This demonstrates th.e operation of the AUTO/MAN switch and veriiies that in the MAN posi-
tion, the minor tones do not automatically sequentially advance once the start button is

PR S . [ . e @

i |

depressed. Front panel lights are imonitored to .erify system performance.
A. Place the START/RESET control to the RESET position.
B. Place the AUTO/MAN control to the MAN position.
»
C. Select 5(0 kHz as the only v ~c on.
D. Place the START,'/RESET countrol to the START position.
E. Verify tha. the LOCK indication on the 500 kHz control illuminates and that
no other tone illuminates.
3.3.3.6 ELIMINATION OF ARC IN MINOR TONE AUTOMATIC SEQUENTIAL OPERATION
s This test demonstrates the ability of the system to delete the ARC as a n.inor tone during
an otherwise normal auiomatic sequential system operation.
A. Place the START, /RESET control to the RESET position.
B. Place the AUTO/MAN control to the AUTO position.
Place the ARC USE/BYPASS control to the BYPASS position.
D. Select 20 kHz as the major range tone.
E. Place the START/RESET control to the START positi
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F. Observe that the 20 kHz LOCK indicator illuminates and that the
4 kHz, 800 Hz, 10 Hz LOCK indicator sequentially illuminate. Sequencing
is completed when the RANGE ACQ COMP indicator illuminates.
3.3.3.7 MANUAL OPERATION OF MINOR TONES
With the AUTO/MAN Switch in the MAN position, verify that each of the minor tones can be
selected and that after all of the minor tones have been acquired that the RANGE ACQ COMP
indicator will illuminate when pressed.
3.4 RANGE DEMODULATOR
3.4.1 ANALYZER CALIBRATION

Perform a signal substitution procedure utilizing an HP-608 signal generator to calibraie a
spectrum analyzer at a frequency of 110 MHz and a level of -53 dBin.

3.4.2 INDEX SETTING AT 1.5 RADIANS MODULATION INDEY.,

Disconnect the coax cable from the 30 dB attenuator, AT 1, within the H. F. Prozessor.

Connect the cable to the spectrum analyzer. Operate in the Simulate /Bypass mode and modulate
with a 500 kHz tone. Adjust R58 on A9 for each first order sideband at 0.75 dB above the 110
MHz carrier. Adjust R58 on A9 in the H.F. Processor for a 110 MHz carrier level at -53 dBm.
NOTE: The frort panel control may also be used to adjust the modulation index.

3.4.3 ALC CHECK AT 1.5 RADIANS

Reconnect the coax cable to attenuator, AT 1. Allow the tone tracking loop to lock (in the L. F.
rocessor). Measure and record the AC voltage at J5 of the L.F. Processor with a wave

analyzer. Set the wave analyzer bandwidth to 1000 Hz.

3.4.4 INDEX SETTING A. 0.2 RADIANS MODULATION INDEX

Repeat 3.4.2 only adjust for each first order sideband to be 20 dB below the 110 MHz carrier
and then adjust the 110 MHz carrier for a level of -33 dBm.
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3.4.5 ALC CHECK AT 0.2 RADIANS

Reconnect the coax cable to attenuator, AT 1. Allow the tone tracking loop to lock. Measure
and revord the AC voltage at J5 in the L. . Processor with the wave analyzer. Set the wav-
analyzer bandwidth to 1000 Hz.

3.5 RANGE DATA

This series of tests demonstrate that the Range Extractor meets all the requirements of the
specification. The system is in the BYPASS SIMULATE mode for the duration of the test.

3.5.1 TEST MODULATOR CALIBRATION

Calibrate the Test Mudulator as in paragraph 3.4, only adjust the front panel Modulation
Level Control pot for each {irst order sideband 16.4 dB below the 110 MHz carrier (.3 radian
modulation index). Adjust the 110 MHz carrier to a level of -53 dBm. Turn on a second tone
100 kHz and adjust R58 of A_9 within the H.F. Processor to bring the 116 MHz
carrier back to -533 dBm. Reconnect the coax cable to attenuator AT 1 within the H. F.
Processor.

3.5.2 RANGE SIMULATION CAPABILITY
3.5.2.1

Set the Static Range Select to 0 nS. Start the system to obtain range data while operating in
the BYPASS SIMULATE Mode utilizing a 30U KHZ major range tone. In small increments, adjust

the Range Calibration to obtain U nS range display. Observe that the smallest increment on the
display is 1 nS.

NOTE: The INSERT DATA CONTROL must be depressed to enter data into the system.
3.5.2.2 ADJUST RANGE SELECT FOR 3,333,330 nS

Set the Static Range Select to 3,333,330 and press INSERT DATA. Restart the system and
after acyuisition, observe a Range display of approximately 3,333,330 nS.
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3.535.2.3 ADJUST RANGE SELECT FOR 1, 698,333 nS

Set the Static Range Select to 1,698,333 and press INSERT DATA. Restart the system and
after acquisition, observe a range display of approximately 1,698,333 nS.

3.5.3 STRONG SIGNAL DATA

3.3.3.. 500 kHz RESOLUTION

Connect the tape recorder equipment to the Data Out Jack, J26, on the test set. Start the
system to obtain range data utilizing a 500 kHz major range tone while operating in the BYPASS
SIMULATE mode. Select an initial range of 1,698,335 nS and record data tor 30 seconds. After

the data has been analyzed by computer, calculate and record the RSS system error using the
following equation: 1/2
error = [(Idea.l Value - Average Va.lue)2 + (Std. Dev.)2]

3.5.3.2 100 kHz RESOLUTION

Repeat 3.5.3.1 only use a 100 kHz . ange tone. Change cerc set calibration as necessary.

3.5.3.3 20 kHz RESOLUTION

Repeat 3.5.3.1 only use a 20 kHz major range tone. Change zero set calibration as necessary.

3.5.4 NOISE DATA
3.5.4.1 CALIBRATION OF THE NOISE GENERATOR

Set up the test modulator for an index of 0.2 radians. On the 21 #520 board in the L. F.
Processor, remove relay K1 and place a jumper between pins ¢ ‘4. Set up test as shown

in Figure 5. With maximum attenuation on the noise and using 2 . liz BW on the wave analyzer
at 300 kHz, read the voltage on the analyzer and record the value. Adjust R72 of AT within

the L.F. Processor for a reading of 0.56 mv. Place the system in the NORM SIM mode of
operation.

3.5.4.1.1  C(nange the wave analyzer bandwidth to 3000 Hz and tune to 350 kHz then adjust
the attenuator for a voltage reading of 97 mV (+30 dB - Hz) and record the attenuator setting.
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3.5.4.1.2 Repeat 3.5.4.1.1 for readings of 0.17 mV (-45 dB - Hz), 0.31 mV (+40 dB -
Hz), 0.55 mV (+35 dB - Hz), 0.97 mV (+30 dB - Hz), 1.73 mV (+25 dB - Hz), 3.08 mV
(+20 dB - Hz), 5.47 mV (+15dB - Hz), 7.72 mV (+12 dB - Hz) and 9.73 mV (10 dB - Hz).

Record all attenuator settings. Readjust R_72  of A7 within the Low Frequency Processor
for the initial reading in paragraph 3.5.4.1.

3.5.4.2 500 kHz RESOLUTION

3.5.4.2.1 +50 dB - Hz

Adjust the attenuator corresponding to +50 db - Hz and reconnect the c ;ax cable to the H.F.
Processor. Insure that the tone loop locks and the range readout is approximately 1,698,333 nS.
Record 30 seconds of range data.

3.5.4.2.2 +45 dB - Hz

Adjust the attenuator corresfponding to +45 dB - Hz and record 30 seconds of range data.
3.5.4.2.3 +40 dB - Hz

Adjust the attenuator corresponding to +40 dB - Hz and record 30 seconds of range data.
3.5.4.2.4 +35dB - Hz

Adjust the attenuator corresponding to +35 dB- Hz and record 30 seconds of range data.
3.5.4.2.5 +30 dB - Hz

Adjust the attenuator corresponding to +30 dB - Hz and record 30 seconds of range data,

3.5.4.2.6 +25 dB - Hz

Adjust the attenuator coriesponding to +25 dB - Hz and record 30 seconds of range data,
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3.5.4.2.7 ~-20 dB - Hz
Adjust the atenuator corresponding to 20 dB - Hz and record -0 seconds of range data.
3.5.4.2.8 +15dB - Hz

Adjust the atienuator corresponding to +15 dB - Hz and record 3( seconds of range data.

3.5.4.2.9 +10 dB - Hz
Adjust the attenuator corrcsponding to +10 dB - Hz and record 30 seconds of range data.
E After the preceding range data has been analyzed by computer, calculate and record the error on

the data sheet.

3.5.4.3 100 kHz RESOLUTION
Repeat paragraph 3.5. .2.

3.5.4.4 20 kHz RESOLUTION

Repeat paragraph 3.5.4.2.

3.3.5 ACQUISITION TIME

Jeing a time interval counter measure the acquisition time for a medium and a strong signal:

the time for a w=ak signal is sufficiently long that a stopwatch must be used. The T1 input to

; the counter is the system start command at block 10 IC 8 pin 1 of the Digital Processor. The T2
input to the counter is the range acquisition complete signal at block 16 IC 1 pin 11 of the Digital
; Processor, Both signals are positive edge activated.

NOTE: The ARC USE/BYPASS switch will be in the USE position for all of the tests,

P ..~.-y-‘ LS EIE LES Sl

3.5.5.1 MEDIUM SIGNAL

Set the STATIC RANGE SELECT to 900,000, Adjust the attenuator corresponding to -10 dB - Hz.
Operate in the BYPASS SIMULATE mode utilizing a 500 kHz major range tonc. Record the time
as read on the counter.

[ S

3.5.5.2 WEAK SIGNAL

—
e o N8

Set the STATIC RANGE SELECT to 2,900,000, Adjust the attenuator corresponding to +12 dB - Hz
and check to see that the system acquires, by monitoring the RANGE ACQ COMP indicator, There

is no limit on the acquisition time for a weak signal. The acquisition process will take approxi-
mately 14 minutes.

M
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3.3.5.3 STRONG SIGNAL

Reconnect the coax cable to attenuator AT! within the H.F. Processor. Set the STATIC RANGE
SELECT to 90,000, Change the modulation index to 0.5. Start the system and record the time
it takes the system to acquire.

3.,35.6 DYNAMIC FRROR

Select the dynamic range simulate mode with -225 kHz of doppler and record 30 seconds of data,
The RAS thumbwheel should be set to 22500 for this test. Return the system to the STATIC range

mode after this test. Calculate the error using the same equation used to determine the range
error. The ideal value is 10,000 NS.

3.9.7 OUTPUTTING OF DATA

The signal that signifies that both the range and doppler information are ready for outputting
to the TDF is called "DATA AVAILABLE". Monitor the "DATA AVAILABLE" signal from
J27 ou the test . and synchronizing off the station timing signal, J10 (system), verify the
waveform is as shown in Figure 6.

Station Timing Pulse

Nata Ready

FIGURE 6.

3.5.8 AMBIGUITY INTERVAL

Using the ARC Generator, the code is 1023 bits clocked at a 160 Hz rate, giving a repetition
rate of 6.39375 seconds. A code length of 6,39375 seconds provides an ambiguity resolving
capability of 958,000 kM which far exceeds the 500,000 kM specification limit.
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3.6 DOPPLER EXTRACTOR

Th's series of tests demonstrates that the system meets all the requirements of obtaining
doppler data. The system will be in the BYPASS SIMULATE mode for the duration of the tests.
Inst:ntaneous range accuracy will be shcwn using the front panel readout of the system. Data
at the TDF output will be placed on tape and analyzed later for accuracy requirements.

3.6.1 DOPPLER ACCURACY & RESOLUTION

Set in frequencies of 0, =115.775 kHz and + 218.775 kHz. Record the output at each frequency for
approximately 30 seconds. The front panel readout will be used to give the preliminary infor-
mation that the system is functioning properly, the tape ill be analyzed later to insure all

of the requirement. have been met. The same equatio: used to calculate range error will

be used to calculat¢ Doppler error.

3.6.2 CONTINUOUS COUNT CAPABILITY OF DOPPLER COUNTER

The maximum frequency into the Doppler counter is 117.5 MHz. If the counter were allowed
to count for 10 minutes, the count would be:

; 7
117.5 x 106 pulses X 60 seconds X 10 minutes = 7050 X 10 pulses
sec min,

3 "
The TDF interface has 40 bits of binary information where 2 =54,975 x 10‘ . Therefore, the
counter could count for a maximum of 78 minutes which far exceeds the 10 minute minimum

specification.
3.6.3 TIME TAGGING OF DATA

This test demonstrates that the doppler read pulse is stable to within £ 25 nS of the

station timing signal. See Figure 7. The HP Computing Counter is used to determine the
time interval betwe »n the two signals.  Measure and recerd both the stability of the signal
and the average value of the delay. NOTE: The DOPPLER SELECT switch must be set
to -230 kHz,
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FIGURE 17,
P————— Doppler Read
tdz- 25nS
e —— Station Timing

_"mz+25ns I Doppler Read

The Doppler Read pulse is 10 Hz squarewave located at Biock 23 IC U5 pin 5.

3.6.4 DIFFERENTIAL DELAY BETWEEN RANGE & DOPPLER READ SIGNALS

To obtain the differential delay between the Range and Doppler read signals perform the following
calculation:

td2 - bdl = td
Where tdl is the value recorded in step 3.3.2.1, and t,dz is the value recorded in step 3,6.3,
Record the value for td on the data sheet.

3.6.5 DOPPLER RESET

This test demonstrates that depressing the DOPPLER RESET control sets the doppler counter to
zero. Since the doppler is continuously counting and the reset is asynchronous, to observe the
output at an exactly zero reading would be a matter of chance, Therefore, a sample of data will
be taken after the system has been operating and then the reset control will be activated and the
new count will be lower than the first count, A third reading will be taken which is higher than
the second count to demonstrate that the counter is indeed advancing., The system will be i~ the
SIM BYPASS mode and under MANUAL control for this test,

A, Set the DOPPLER SELECT frequency for 100 kHz,
B, Press the INSERT DATA control.
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C. Press the DOP RESET control and allow the system to run for
approximately two minutes.

D. Place the DOPPLER DSPL A/B switch on the test set to the DISPLAY A
position.

E. Depress the DOPPLER READ control on the test set and record the
doppler readout on the test set as N1, **

F. Depress the DOPPLER RESET control on the Digital Processor front
panel, then quickly depress the DOPPLER READ control on the test
set.

G. Reco: d the doppler readout on the test set as N2, **

H. Place the DOPPLER DSPL A/B switch on the test set tc the DISPLAY B
pesition.

I. Record the doppler readout on the test set as N3.
Verify from the data sheet that N1 is much larger than N2 and that N3 is larger than N2,
The N2 sample is the closest sample to the reset command and the N3 sample is the readout
immediately proceeding the N2 sample.
3.7 EQUIPMENT INTERFACES
This section of the procedure verifies that the system fulfills all of the interface requirements
specified in the specification. The system will be in the NORMAL miode for the duration of
the test.

3.7.1 EXCITER INTERFACE

The following tests demonstrate that the system fulfills all of the exciter interface require-
ments. The modulation input interface has previously been tested in Section 3.3.

3.7.1.1 EXCITER READY STATUS
Place the EXCITER RDY switch on the test set to the "ON' position. Obsecrve that the "RF

READY" indicator on the Digital Process=or is illuminated, Place the switch to the "OFF"
position and observe that the light is extinguished.

** Data must be complemental,
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3.7.1.2 LYXCITER REFERENCE OUTPUT

Flace the system in the BYPASS SIMULATE mode. Measure and record the voltage at
A2 A15P3-2 (2106210 board of the High Frequency Processor).

Place the system in the NORMAL mode, Inserta 64.43 MHz signal saving a level of
-2 dBm into 50 ohms «t J11 (System), Measure and record the voltage at A2 A15P3-2.
The voltage will be within £ 2 dB of the level measured with the system in the BYPASS
SIMULATE mode.

NOTE: I -=ave the signal generator connected to J11 unti! step 3.7.2 is completed.
3.7.2 MFR INTERFACE

3.7.2.1 VCXO INDICATOR, AGC, PHASE LOCK INTERFACE

The following test verifies the VCXO, AGC and Phase Lock outputs of the MFR. Verify that

the results of the test are as shown in Table 1I.

4
i

TABLE I
SYSTEM TEST SET SWITCHES MFR VCXO
AGC 1 | AGC 2| MFR LOCK 1 [MFR LOCK 2  |Man/Auto |VCXO1 JvCX02
- --- --- --- MAN ON OFF
--- --- --- --- MAN OFF | ON
A Max Min ON ON AUTO ON OFF
|A\ »in Max ON ON AUTO OFF | oN
Max Max ON OFF AUTO ON OFF
Max Max OFF ON AUTO OFF | ON

A The system must be reset and returned to start after changing the AGC level,

*% " o-- " Indicates a "don't care' condition,
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3.7.2.2 MFR IF OUTPUT

To verify proper connection between the non-simulated IF output and the input to the Range
Demodulator, place the system in the NORMAL mode and insert a signal at 110 MHz with

a level of 0 dB into 50 ohms at J13 (System). Measure the level at the input to the Range
Demodulator and insure that the insertion loss is less than 3 dB. The input to the Range Demodu-
lator is A2 J59 (J59 in the H. F. Processor).

3.7.2.3 VCXO SIGNAL INPUT

Place the system in the NORMAL :node and insert a signal a1 132.4 MHz and +2 dEm into

90 ohms into the VCXO 1 input J14 (Sy<tem). Place the MFR VCXO control on High Frequency
Processor to MAN ¢: VCXO 1. Measure the voltage at A A20P3-4 (2106320 board in the High
Frequency Processoc). The voltage will be ¢ dBm minimum.

Check the operation for the VCXO 2 signal by placing the 132,4 MHz signal into J15 (System)
and placing tbe VCXO 1/VCXO 2 switch to VCXO 2. Measure the voltage at A2 A20P3-4. The
voltage will be 0 dBm minimum.

NOTE: The VCXO indicators were checked in Section 3.7.2.1,
3.7.2.4 MFR SYNTHESIZER INPUT

With the vystem in the BYPASS SIMULATE mode, measure and record the voltage at
A2 A12P3-3 (2106230 board of the High Freyuency Processor).

Place the system in ti.. NORMAL mode and insert a signal into J16 (System) at 170.6 MHz
with a level of +2 dBm into 50 ohms. Measure and record the voltage at A2 A12P3-3. The
voltage will be within + 2 dB of the level measured with the system in the BYPASS SIMULATE
mode.

3.7.3 TRACKING DATA FORMATTER

These tests demonstrate that the system meets the interface requirements tv she Tracking
Data Formatter. The test simulator is used extensively during this test. The system shall
be in the BYPASS SIMULATE, LOCAL CONTROL mode of operaiion during this t_st.

NOTE: For this test, only indicators in the TDF MONITOR section of the test set
will be observed.
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3.7.3.1 RANGE DATA

Data to demonstrate long term range accuracy is recorded and analyzed with a computer.
For a visual check of the TDF output, the range can be readout on the test set range readout
and compured to the front panel readout of the system.

3.7.3.2 COPPLER DATA

Data to demonstrate long term doppler accuracy is recorded and analyzed with a computer.
For a visual check of the TDF output, the doppler frequency can be read out on the test set
doppler readout and compared to the front panel readout of the system.

3.7.3.3 RANGE GRANULARITY

Depending on the major tone selected, the folluwing incs < test set shall illuminate.
See Table III.

i TABLE iil.

MAJOR TONE SELECTED TEST SET INDICATOR ON
500 kHz 509
100 kHz 100
20 kHz 20

3.7.3.4 RANGE ACQUIRED

When the range is acquired, the RANGE ACQ indicator on the test set will illuminate, The "R# "GI#
ACQ COMPL" indicator on the Digital Processor will also illuminate.
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3.7.3.5 DOPPLER GOOD,3AD

When doppler data is good, the DOPPLER GOOD indicator on the test set will illuminate,

When the data is bad, the indicator will exti..;uish. The indicator can be forced to either
condition by the LOCK 1, LOCK 2 switches on the test set. These switches simulate the MFR
LOCK signal. When LOCK 1 and LOCK 2 are OFF, the DOPPLE.. BAD indicator will illuminate
When LOCK 1 and LOCK 2 are ON, the DOPPLER GOOD indicator will illumimte.

3.7.3.6 DOPPLER Ol WAY/TWO WAY

When the "one-way/two way" switch on the Digital Processor front panel is in the "one-way"
position, the 1-WAY indicator on the test set will illuminate. When the switch is in the "two-
way" position, the 2-WAY indicator on the test set will illuminate,

3.7.3.7 MODULATION OX/GSF

“When the modulation is OFF *ID ON indicator on the test set will Le extinguished. If
the modula.ic.. switch is in the .~ position, the indicator will illumcinate.

3.7.3.8 DATA READY

When he Ranging Equip: °+ at is operating and da'. is available, the DATA READY indicator
on the test set will flash on and off at a 10 Hz rate.

3.7.3.¢ VCO CHANGE /DOPPLER BAD
Mouitor J35 on the test set with a scope. Deoress the RESET button on the DIGITAL

PPNCESSOR and then place the system in the START mode. Observe that the pulse is as shown
in Figure 9.

b= 100 mS Min.—]

FIGURE 9.
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3.7.4 COMPUTER INTERFACE

This test demonstrates that the system interface fulfills the requirement of the specification.

3.7.4.1 COMPUTER CONTROLLED & MONITORED FUNCTIONS

The following functions are both controlled and monitored hv the comj ater. For these func-
tions, the system test set wil' be used to place the system in a certain mode and inaicators
on the test set and system will monitor that the function has indeed been selected. Set
switches and monitor indicators as shown in Table IV.

The system is in the Computer Control Mode for this test.

3.7.4.2 COMPUTER MONITORED FUNCTIONS

All of the Computer Monitored functions weirc checked in the computer mode of operation in
Section 3.7.4.1. In this test, the system is placed in the LOCAL mode and the system is
manually operated and outputs to the computer are monitored by indicators on the test set.
Set switches and verify indicators as shown in Table V.
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» SYSTEM TEST SET
: FUNCTIOY BEING TESTED SWITCH SWITCH TO POS. INDICATOR SYSTEM INDICATOR
i Start/Reset Start/Reset A Start ON “START" ON
f e ) BtartOFF CRESET ON
Resolution Tone Selected [ Resolution 500 500 ' 5300 kHz'" ON
_ Tone 100 100 100 kz" ON
20 20 "20 kiiz'" ON
b r. e mam e e e = % e e e m e We e At e em A e wm m e e r— —————————————— 1 ————————————— R ek R R e et tndentiatitibadiadt I L R -
Moduliation ON/OFF Modulation ON MOD ON * vJOD ON'" ON
ON/OFF OFF MOD OFF "MD OFF' ON
I SR —— i | B Y i A
- One -~way/Two-wiy Doppler Doppler 1-Way 1-Way ON "1-Way' ON
1-way/2-way 2-Way 2-Way ON "2-Way' ON
Rt et A e e e e
L.ocal Computer Selected N/A A COMP Mode On "COMP'" ON
) - Local Mode On "LOCAL'" ON
i B b T 4 T A Frmmmmmm e
~ " ARC Use ‘Bypass N/A A USE ON "USE'" ON
b BYPASS ON "BYPASS'' ON
. 2 r_ ———————————————————————————————— e e o o o o o o e o an s - - = > i -
i~ i D Read A N/A N/A } RF I' “ADY ON "RF READY'" ON
_—— b ;! ------------------------------------------------------------------------------------------------------------
' «» ;' Raee Acquired A N/ A N/A Range ACQ ON "RANGE ACQ COMPL" ON
i oy .
° NOTL.. A PPress veset button and insure that RANGE ACQ indicator on the tcst set and the RANGE ACQ COMP?
. > indicator on the <ystem go out. Return button to START position, Sysm Pc;gstlhi): (’21 LOCAL SIM BYPASS
> A Place the EXCITER READY switeh on the test set to the DOWN position and insure that the RF READY
o indicators on the system and on the test set go out. Return the EXCITER READY switch to the UP position,
® - A Momentary Switch. System Jhurges state when switch is depressed.
E A LOCAL/COMP switch on the system must be activated,
- .
S A ARC USE/BYPASS switch on system must be activated,
[\ ;
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TABLE V,
FUNCTION BEING TLSTED SYSTEM SWITCH/INDICATOR TEST SET INDICATOR
(Computer Monitor Scclion)
Start/Reset "START'" ON START ON
_______________________________________ "START"ON ___ _ _____________\..___STARTOFF ..
Resolution Tone Selected "500 kHz' ON 500 ON
1100 kH7' ON ., 100 ON
"20 kI1z" ON 20 ON
nModulation ON/OF® "MOD ON'" ON MOD ON
A "MOD OFF" ON MOD ON

e i e O o = A 2 > A e T - - = m T o e -

Doppler 1-Way ON
Doppler 2-way ON

e oo o e o > A o B O - P S = e A S A e

LOCAL ON
COMP .ON

e o = > D D - - - ) 2 e WD S Ep O AD o e ED s G

USE ON
BYPASS ON

RF READY ON

1I3IINS

S109012

NOTE: A These [unctions previously tested in Table IV.

A System START/RESET control must be in the START position.




STDN RANGING EQUIPMENT

D.V.T, DATA SHEETS

SYSTEM S/N DATE

OPERATOR

Q/5 REPRESENTATIVE

SYSTEM ACCEPTED [ ]

SYSTEM REJECTED [_]

2106015
Sheet 27



LIST OF TEST EQUIPMENT

DESCRIPTION S/N

Tape Recorder, Sangamo Model 3500

IRIG B Time Code Generator

Oscilloscope Tektronix 475 Oscilloscope
Computing Counter, HP5360A

Time Interval Unit, HP5379A

RF Voltmeter, HP413A

Spectrum Analyzer, HP8551A/851A

Test Set, General Dynamics/Electronics P/N 2106960
Attenuator, Kay Model 30-0

Noise Generator, GD/Electronics P/N 2106988
Tape for Recorder, Scotch 871-1-3600 IRH
Frequency Synthesizer, HP5105A

Synthesizer Driver, HP5105B

Signal Generator, HP606A

Power Supply +5V, 7 Amps

Power Supply +5V, 3 Amps

Power Supply -7.4V, 250 mA

Ammeter, Weston 901

Wave Analyzer, HP310A

HP331A Distortior Analyzer

Signal Combiner, GD/Electronics P/N 210€987
Power Meter, HP431C

2106015
Sheet 28



APPENDIX C
STDN RANGING EQUIPMENT
DESIGN VERIFICATION
TEST RESULTS

SYSTEM S/N 001, 002, AND 013



SYSTEMS/N 0ol ~EWGC mobel patE __/0-1-1%

OPERATOR NG .

Q/A :EPRESENTATIVE __ U .Bum:s D.Ovsriv

SYSTEM ACCEPTED [_]

SYSTEM REJECTED D

THE ERG  uniT was acc? BY 454, FReD HeRow
WITH THe inDC ATED ODuT OF TOUL . CanDd) RIS ¥
ALL ©4T of TOoL ed(Tan OM  TrE Fare TEST

Wele \sSTE0 o DVDSe . THESE CONdiriwms
wele Acc’d O ENG medel opoY

[ G MDEC WAS Swiaen 022

LG o,



LIST OF TEST EQUIPMENT

DESCRIPTION k& moDEL S/N

o/

Tape Recorder, Sangamo Model 3500

IRIG B Time Code Generator

Oscilloscope Tektronix 475 Oscilloscope
Computing Counter, HP5360A

Time Interval Unit, HPS379A

RF Voltm.ter, HP413A

Spectrun Analyzer, HP8551A/851A

Test Set, General Dynamics/Electronics P/N 2106960
Attenuator, Kay Model 30-0

Noise Generator, GD/Efectronics P/N 2106988
Tape for Recorder, Scotch 871-1-3600 IRH
Frequency Synthesizer, HP5105A

Synthesizer Driver, HP5105B

Signal Generator, HPG06A

Power Supply +5V, 7 Amps

Power Supply +5V, 3 Amps

Power Supply -7.4V, 250 mA

Ammeter, Weston 901

Wave Analyzer, HP310A

HP331A Distortion Analyzer

Signal Combiner, GD/Electronics P/N 2106987
Power Meter, HP431C



NG mobel - /1@-3 1Y
STEP TEST NN UNITS MIN MEASURED MAX ACCEPTLE REJECTE:
2.1 -—- Presence of Coassis Slides Preseat 0 ’c Present
2.2 --- Preseince or Cable Present oK Present
Retractors
2.3.1 -—- Guaards on Critical Present o K Present
‘N Lnﬁ
2.3.2 -—— Durable Marking Present Present
oK
3.1 -—— C;.cration on AC Input Yes Vi Yes
2.i.1 -—- Presence of Time Meter Present ok Present
3.1.2 - Operation of Power on Proper o K Proper
Iodicator
3.2.1(+15V) -— A.ps ——— 1.8
3.2.1 (-lSV) - Amps - 4.0
3.2.1(+3\V) -—- Anips —— 3¢
2.2.1 (=5.2V) -— Amps —— 12
3.2, {+21V Relay); --- Araps == 8
3.2.1 (+24V Simalf --- Amps ——— 2.4
3.2.2 -— Opcration at Var AC In '{es Yes
3.2.3 -——- Current Limit on Supply les Yes
3.2.4 -—— Power Supply Adjustability (es Yes
3.2.5 - Line and ioad Rezwdation i{es Yes
3.2.v -—— Verilication of Fuscs Oreseat L’resent
(1)



STEP TEST NG UNITS MIN MEASURED MAX ACCEPTED {REJECTED
3.3.1 --- Hz 5,000, 000 § 200,222 I 5 000,000
Vpp 2 2. -
3.3.2 - M.S. 78 g0 82
M.S. 18 20 22
V p-p -5.5 -0 6.5
N.S. 0 9.3 10
3.3.2.1 --- N.S. (Stability) -25 - 2.5 25
3.3.2.1 td1 N.S. -== yES] -~
3.3.2.2 --- N.S. -25 2 +25
3.3.3.1 —-- V p-p 0 .- L{.O 4
8
3.3.3.2 (20) 1vpp | --- % --- e 1 -
3.3.3.2 (1MW) 1Vpy J--- % - /'(c); 1 -
3.3.3.2(5 0) 1Vpp |--- % -—e Lo 1
3.3.3.2(.0) 2vpn | --- . et B0 1
3.3.3.241 0) 2Vpp |--- @ - /.25 Xl Ceaioy Ao re vagn
3.3.3.2(2 ) 2Vpp | -~~ % === .73 1
3.3.3.3(L) --- 500 kHz Tone Not Present r o Not Present
- }KL‘S P
3.3.3.3 (D), --- 500 kHz Tone Present PPESENT Present
- _ e . [
3.3.3.4 (500) - Range ACQ J ¢ curgarrrer)| Hluminated \10/(‘ A

—_— (-b\- W e
3.3.3.4 (100) -- Rasge ACQ --- ricomwerbo | llluminated / Fe wime .

o ) (Y4
3.3.3.4 (20) --- Range ACQ --- geLem 7€ | Hluminated o
3.3.3.5 --- 500 kHz --- 7 s¢ o Mare 4t lluminated \

Minor Tones - = X7?r2une S B xtinpuished BA YA
3.3.3.6 --- ARC -—- rerwe Extinguished
} Range ACQ --- o gpeaa | uminate d
3.3.3.7 (100 kllz) |--- 100 kHz IND --- Jevong-wnt s - | Hluminated S ’
A ‘
.3.3. 0k --- : — o
3 Hz) 20 kHz IND 120 oM, HHluminated .f
3.3.3.7 (4 kHz) --- 4kHz IND --- 72ominsa e () Hluminated 2r




STEP I1.8T NO UNITS MIN MEASURED MAX ACCEPTLED [REJECTLD
3.3.3.7 (. 0 Hz) [ --- 500 1z IND. -—- ... ¢ " [Illuminated
3.3.5.7 (lv Hz) --- 10 Hz IND. --- Illuminated
3.3.3.7 Range Acqg Comp Ind. - T rtIMma) e Illuminated
3.4.3 --- MV RMS -=- . 5//\1/ - —
3.4.5 --- MV RMS o .’~- My | ---
3.5.2.1 -—- N.S. _ . 1 1
3.5.2.2 --- N.S. 3,333,300 207 350 3,333,340

3.5.2.3 --- N.S 1,698,303 R 1,698,363
7t *
3.5.3.1 00 N.S. -- .2 6 3{7‘3"(
‘ ",‘ -3
3.5.3.2 01 N.S. - g 6? 4;333
’ .q
3.5.3.3 02 N.S. -—- 0.9 73 ﬂ'h;?g
4 LD
3.5.4.1 --- M.V. (RMS) --- /47 ---
" ~et
3.5.4.1.1/, --- D.B. —-- 2.0 ---
3.5.4.1.2 (+49) --- D.B. --- 57 O -——
3.5.4.1.2 (+10) --- D.B. —-- £9 o -
3.5.4.1.2 (+33) -- D.B. .- 420 ——-
/ ’
3.5.4.1.2 (+30) -——— D.R. - L,(.z o ———
3.53.4.1.2 (#+2D) -——- D.B. —— 7‘é 5 ———
3.5.4.1.2 (+20 -—- D.B. —- o

2 ( ) 3/ '5

3.5.4.1.2 (+13) - D.B. -~ 5/ ——-
L0

3.5.4.1.2 (+12) --- D.B. -—-- 273 ¢ -

3.5.4.1.2 (+10) - D.B. - -
200

(3)




STEF TEST NO UNITS MIN ME ASURED MAX ACCEPTED |REJECTED
3.5.4.2.1 05 N.S. -—- 3.3
(504 kHz +50 dB) /.05 L s
—3.5.%.2.2 04 N.S. --- 3.3,
(500 kHz +45 dB) ). 0| -
T.5.4.2.3 05 N.S - 3.3
(500 kHz +40 dB, 1.6Y -4
3.5.4.2.4 6 N.S. o= X
(300 kHz +35 dB) .15 2.6
3.5.4.2.5 07 N.S. J— 3,56
(500 kHz +30 dB) 2.\ )
3.5.4.2.6 08 N.S. - Ny 4.1
(500 kHz +25 dB) 3.3 % £
3.5.4.2.7 09 N. - » 4.86
(500 kHz +20 dB 7.0% i
3.5.4.2.8 10 N.S. — 7.16
(500 kHz +15 dB) 3.6 9 ¢33
3.5.4.2.9 11 N.S. - 11,7 R A
(500 kHz +10 dB) 37,03 ¥| >y A A9
3.5.4.3.1 12 N.S. s 1.23
({100 kHz +50 dB) 1.56 3 ¥
3.5.4.3.2 13 N.S. o 4.23
(100 kHz +45 dB) 2.0 7 v6
3.5.4.3.3 14 N.S. - .72
(100 kHz +40 dB ) o.42 Lt
3.5.4.3.4 15 N.S. - 5.43
(100 kHz "3 dB) sS.o09 10, §h
3.5.4.3.5 16 N.S --- / 7,16 , JAOLE| FAa] T heT
(100 LIz -30 dB) .0 19 QLL chopbesroel q4550 5
3.5.4.3.6 17 N.S. -——- 10.9
(100 LHz + 25 dB) - 17,973 2.9 %
3.5.4.7.7 18 N.S. -—-- - 17.76
(100 kHz ~20 dB) L 2733 %
3.5.4.2.8 19 N.S --- 31,06
(100 kHz +15 dB) 24L%6 ¥ | e 2
3.5.4.3.9 20 N.S. -— 58.2 |
(100 kilz +10 dB® 1§10, 27 | " 06y E
3.5.4.4.1 . 21 N.S. -——- 21,9 3
(20 KHz +30 dB) 7.2§8 =
(49

§1 99vd TVANIDIO



STEP TEST NO UNITS MIN MEASURED MAX ACCEPTED |REJECTED
3.5.4.4.2 22 N.S. - - ‘21.’_9 .
(20 ' 317 +45 dD) 1 Y12
3.0.4.2. 3 23 N.S. - | 23.3
(20 kiiz +40 dB) 23, iwb

S.4.4.4 24 N.S. - >4 ﬂl,l 27::9’
(20 kHz +35 dB) ~ b 1
3.5.4.4.5 25 N.S. - 38:3
(20 kHz ~30 dB) 704> 5; (;:-;lo AT
3.5.4.4.6 26 N.S. -—- ) - .23 N IR

[ 5 O, 2 . ik -

(20 kHz +25 dB) K 7Y L1 b.¥h FaRr <2 B TR W EL Y
3.5.4.1.7 27 M.S. - ’ 91.6

s Setiete 2.6V ¥ 5
{20 LHz + 20 dB) 3- r¥3.)

NE TP U 2] N.S. .- 16676
jzn) Hz :l.) dB) 1 4e4.3 4 723.3
3.5.4.4.9 29 N.S. - - _fz 300 Pu? Corod
(20 Wz +10 dB) 361,58 NI
3.3.5.1 --- Scconds 0 /7 4/ 22
3.5.5.2 --- Minutes --- ‘5/4,” ??S:g -—
3.5.5.3 --- Seconds 0 2. 8 8 4
3.5.6 (-225 kHz) 30 N.S, -10.56 ) 3¢ -18.6

L

3.5.3 --- uSec --- } 21 25
3.6.1 - YOS

.6.1 (0 kliz) 31 Counts 20.2% £ 16 : .

N s M
3.5.1 1113 kH?) 32 Counts - 10
3). 38 &
3.6G.1 (-115 kHz) 33 Counts -—— I 10
9.7 *

3.6.1 (218 kliz) 34 Counts -== 100 3}( ,’ 10
3.6.1 (-213 kh2) 1393 Counts ——— /5 2 # 10
3.6.3 -- N.S. (Stalility) -25 70 +25
3.6.3 td- -—-- N.S. -— /092 ———
J.0.4 --- N.S. -50 30 +50



C— 3

STEP TEST NO UNITS MlNl MEASURED MAX CCEPTED REJEél'ED
3.6.4 (b N - b.278219655x5 | ="
3. 6.4 (NZ) - - - HZ --- J‘?;lgylgyéf ome
3.6.4 (N3) -—- Hz -—- 7058 /f‘)i‘?f —.-
3.7.1.1 (ON) - RF RDY IND ON oM ON
3.7.1.1 (OFF) -—- RF RDY IND OFF OFF OFF
3.7.1.2 (Simulate) | --- dB -ea ——-
) prF —10dP —24F
3.7.1.2 (Normal) --- dB (with-respect to reading | -2 AT +2 .
in 3.7.1,2 Simulate) P o . -
3.7.2.1 R Results per Table II YESB Y sr h YI8 -
3.7.2.2 --- dB -3 L1450 +
-11d5;
3.7.2.3(VCX01) | --- dBm 0 0.3 |
P "
3...2.3(VCX02) | --- dBm 0 4374 .
3.7.2.4 --- dBm -— s
——-Ls—l“J—l ﬁ’ = , — [ /é :g 7/
3.7.2. 4 -— dBm (With respect to -2 3
(NORM) reading in 3.7.2.4 SIN) O
3.7.3.3 — 500 Indicator ON )
(500 kHz) E
3.7.3.3 -— 100 Indicator ON
(100 Kliz) gV
3.7.3.3 —-- 20 Indicator ON ON
(20 kliz) oV
3.7.3.5 -——- Doppler Good Indicator ON 0 /V ON
~{Roop Goodd
3.7.3.5 - Doppler Bad Indicator ON /t./ ON
~—{(Dopp Bad) — 1%
3.7.3.8 —— 1-wa cator ON
(1-way) y . AN |o¥
()]




STEP

TEST NO UNITS MIN MEASURED MAX ACCEPTED |REJECTED
3.7.3.0 .- 2~way Indicator ON ON @
(2~-wav) CA)
3.7.3.7 --- Mod On Indicator OFF . OFF -
(Mod O C’a‘: F 3
3.7.3.7 c-- Mod On Ipdicator ON ON A
{Mod Oy oV )
3.7.3.8 -—- Data RDY Flashing — Flashing

& 4]
3.7.3.9 -—— MS 100 /}{”ﬂ —ee @;
3.7.4.1 --- Results per Table IV Yes Yes a
3.7.4.2 --- Results per Table V Yes Yes

m




SYSTEM S/N o7 )" DATE ‘E%&z
oy B/,

OPERATOR

SYSTEM ACCEPTED B/

SYSTEM REJECTED [

Rlvere
PP Fvea 3/8-00/
3.8. 3 2.



LIST OF TEST EQUIPMENT

DZSCRIPTION SN o2

Tape Recorder, Sangamo Model 3500 742728/

IRIG B Time Code Gencrator oo/ -

Oscilloscope Tektronix 475 Oscilloscope 27470 /5 65

Coiputing Counter, HP5360A FZ£O/4 87

‘fime Diterval Unit, IP5319A T2 o/ 8RR

RF Voltmeter, 11P413A | PFEooSTy

Spectrum Analyzer, HP3551A/851A C/zw’c/ r578) 7093858

Test Set, General Dynamics/Electronics P/N 2106950  Zoa¢ 4. Saroo /<3
Attenuctor, Kay Model 30-0 (#20-0) Oc 0foo2

Noise Gene:ator, GD/Electrenics P/N 2105933 7"5,4 w. Bpzoos/se

Tape for Recorder, Scotch §71-1-3600 IR A Se2.mh Nemoven C"e"/"ﬂ
Frequency Synthesizer, 1IP310SA $rode/ 4o S/00n) P4°0385,
Synthesizer Driver, IP51055 (Powke/ mpSscn) S€0385R

Signal Generatos, HPGS6A Prgr/B o8 g S5o0x/6R .
Power Supply +5V, 7T Ainps O G- o ¥ 88 S

Power Supply 45V, 3 Amps /& OGRS

Powcr Supply -7.4V, 230 mA OB o0f59S

Ammnetcr, Wesion “%i iy 14

Wave Analyzer, HI310A Pro %379

HP.31A Distortion Analyzcr PEOY0E2

Sig.al Combiner, CDJ/E!:c*roiues BN 2106007 Dok 4. 8/V\ ooIs7
Pover Meter, WtiC (edk) 4324) /&0 995

'

e



STEP TEST NO UNITS MIN MEASURCD MAX ACCLPTIT| REJECTED
2.1 --- Piesence ol £uassls Slides Present / Present @
ﬂ \JJ
2.2 ~—- Presence o Cable Present Present r"
deiractoss
2.3.1 --- Gaards on Critical Preseat Q Present @
ejiches JM% .
2.3.2 - Dasable Mariking Present Z 7 Present K>)
3.4 -— Operation on AC Input Yes % Yes N
v.l.1 -— Presence of Time Meter Present Prezent )
3.1.2 ——- Opcration of Power on Proper y Proper
[adicotor 4_#__
3.2,1 (+13V) - A.ips -— 1.8 @
4 . ot
"- 2,1 (-5V —~—- Anps -—- 4.0 AR
_ | / sTe
3.2,1 (r3\) - Awmpps ——— 36 t .
28 ~
.2, 1 (-5.2V) e Aonps -——- 12 2
075 &
3.2, (+21V Relay)g --= Amps —— 8
i Aéé . S$ie
3.2.1 (+24V Sinayy --- Anps ——— 2.4
\ /. 05 &o
3.2.2 -—- Operation at Var AC In '(es Yes ¢
24 zal &
3.2.3 -—- Current Limit on Supply les & Yes Qf
3.2.4 -—- Power Supply Adjustability ey Yes @
3.2.58 - Line and Load Regulation fes Yes \r:)
3.2.6 - Vexification of Fuses reseat {resent (' ;
(1)




STEP TEST NO UNITS MIN MEASURED MAX IACCEPTED |REJECTED
3.3.1 - iz 5,000,000 5, 000, 000 @
Vp-p 2 A —-- )
3.3.2 --- M.S. 78 go 82 K
M.S. 18 2o 22 T
v p-p : -5.5 62 6.5 -
N.S. 0 _&s 10 .
3.3.2.1 --- N.S. (Stability) -25 ¢/ 25
3.3.2.1 ld1 N.S. ——= %55 — P
2, - .S. -25 + r o
3.3.2.2 N ;Zg 25 Qr._.;,
3.3.3.1 - V p-p 0 Lonct 4 575
o2 5% b
3.2.3.2 (20) 1vpp |--- AR --- 28 x L2 b Py
2.7 w2 (100 1Ven [=-= % 1 e Lolrasc o —-= Ll FaR A 3
3.'.3,2(500) 1Vpp |--- i3 5 Clnsps - s ¢ 1.2 = p ,,.,;
23 2(30M 2Vpy | --- I \S/8~oal === L. 75 Y 1.5 ¢ =
3.5.3.2(100) 2Vpp |--- %/ - LZ x l.< \ ” -
3.3.3.2 (20) 2Vpp ~—— o — —— / NG «.—.) Q —
3.3.3.3 (0) - 500 kilz Tone Not Present Z Not Present
02¢
3.3.3.3(D), -——- 500 kHz Tone Present Present 7
//'rgaé )
3.3.3.4 (200) —-— Range ACQ - Hluminated .t

3.3.3.4 (100)

Range ACQ

Hluminated

3.3.3.4 (29) —-- Range ACQ == J g/ Illuminated

3.3.3.5 -—- 500 kHz -—— j Illuminated .
Minor Tones ~== P2 Extinguishegd ﬁ.‘,_'c)

3.3.3.6 - ARC --- SR Extinguished (‘:’
Range ACQ -—- & Iluminated 3

3.3.3.7 (100 kHz) |}--- 100 kHz IND --- al/ Uluminated >,

3.3.3.7 (20 kHz) - 20 kHz IND -——- , Iluminated we

3.3.3.% 0 1<

3.3.7 4 Kllz)  f--- 4kHz  IND --- \ A Uluminated 7

(2)




T ]
NTRE FLST NO UNITS MIN MEASURED MAX NCC, P DR CTT D
TR LT (300 17y | --- 500 11z IND. --= 4 Hluminated e '
3.3.3.7 (10 lIz) ——- 10 11z IND. --- 4 [Huminated G
3.3.3.7 Runge Acq Comp Ind. -—= M Hluminated @5
3.4.3 -—- MV_RMS —- 7 -
3.1.5 - MV _RMS —-- s --- i
3.5.2.1 -—- N.S._ 1 Z 1 =5
3.5.2.2 --- N.S. 3,333,300 3,333,360 pd
. 2. 5I35/7 C/
3.5.2.3 -—- N.S. 1,698,303 1,698,363 ‘,
3.5.3.1 ) N.S LLoh 3t S,
.5. . 0 oo - 6.6
oS/
3.5.3.2 01 N.S. .- 8.43
- (23 &
3.5.5.3 02 N.S. --- 43.8 :
.3/ .'_‘9
3.5.4.1 —-- S%v. (RMS) - —-
LOS Lol @
3.5.4-101 —— D-B- - - - -
70
3.5.4.1.2 (+15) .- D.B. - - =
¢5 )
3.5.4.1,2 (+40) .- D.B. . ——- .
4o
3.5.4.1.2 (+35) -- D.B. - -
55
3.5.4.1.2 (+30) - D.B. - P
. 50 2
3.5.4.1.2 {+25) - D.B. --- Y - -
3.5.4.1.2 (+20) --- D.B. - —— -
32
3.5.4.1.2 (+15, -——- D.B. ——— e
&
3.5.4.1.2 (+12) -—- D.B. . o >
3/ g
3.5.4.1.2 (+10) - D.B. — S . -
2 8

3




(29 Y Hz ~30 dB)

22

STEP TEST NO UNITS MIN MEASURED MAX ACCEPTED {REJECTED
3.5.1.2.1 03 N.S. --- 6.6 e
(0 Ltz +50 dB) 3. 5 Mu‘-
G.el.2.2 04 N.S. - 6.6 g‘tdé VLA
(350 Kilz +45 dB) A ot :‘7//' é’
3.5.4.2.3 05 N.S. --- 6.6 @
(500 kHz +40 dB) < ez
3.3.4.2.4 06 N.S. -— 5.6 e
(500 kllz +33 dB) =1 &
3.5.4.2.3 07 N.S. -—- 7.12 @
(300 kHz +30 dB) W4 —
3.5.4.2.6 08 N.S. --- 8.2 '{ 7//
(300 kilz +25 dB) L3R '-C:/ |75 9
3.9.4.2.7 09 N.S. .- et 9.72
(300 LIz +20 qB 875 €
3.3.4.2.8 10 N.S. --- 14,32 &2
(300 kHz +15 dB) 54 &)
3.3.4.2.9 11 N.S. -—- 23.4 @
(500 kHiz +10 dB) G,
3.5.1.5.1 12 N.S. — 8,46 @
(100 kHz +50 dB) _ 06 o)
3.3.1.3.2 13 N.S. —- 8.46
(100 kliz +45 dB) fi ﬂ}{ /;/7//4”
3.5.1.3.3 14 N.S. - 9,44
(100 W17 ~10 dB ) 3. KK @
3.5.4.3.4 15 N.S. —— ) 10.86 f‘?'
(109 kitz +35 dB) 5. ) /“-)
2.5.1.3.5 16 N.S. -— 14,32 pad .
P 9 ,:, o) . é %
(106 U117 v30 dR) i3 LA |__Ln 2t ’W%
3.5.1.3.6 17 N.S. ——- i 21,8
(o ks + 23 dp) TS @
3.5.4.3.7 18 N.S. . 35,52 S
R O Y rFd .
(100 kil +20 dR) /8. 55
3.5.4.3.8 19 N.S. —-- 62,12
_ (100 Yz +15 dB) s 7/ @
3.5.4.3.9 20 N.S. - 116.4
(109 kHz +10 dB) __ 227 @
3.3.4.4.1 21 N.S. -—— 43, g
C)




STEP TEST NO UNITS MIN MEASURED MAX ACCEPTED JREJECTED
3.5.4.4.2 22 N.S. --- , S
{2V L1iz +45 dB) ’ M"
ToT13 23 N.5. - >
(20 kHz +40 dB) : /S 8D
3. 5.".".'. 24 Ntsl . - " 5508 0 &
(20 kilz +35 dB) JE AL
3.5-“.4-5 25 Nosn huhaind 76.6
(20 kHz +30 dB) 5. 7% %)
3.5.4.4.6 26 N.S. --- 116,46 =2
(20 kHz +25 dB) GAST 2
3.5.4.4 T 27 N.S. --- 183,2
(20 KMz + 20 dB) ‘ Vv A2 @
3:504.4'8 28 N.so === 332.2 oY €
(20 kiiz +15 dB) L s/
3.5.4.4.9 29 N.S. --- _ 600 @
(20 kHz +10 dB) SvR77
3.3.5.1 - Seconds 0 ' 22
/7 &)
3.5.5.2 -—- Minutes - -—- A2,
y/ o
3.5.5.3 -——- Seconds 0 5 4 "
3.5.5 (-225 kHz) 30 N.S. -16.8 /9 +16.6
3.5.7 . --- uSec --- 2% 25
3.6.1 (6 klz) 31 Counts --- ,0, &3 pla 35'1 @
3.6.1 (115 kHz - 0y s
( ) 32 Counts ' 205 M =, (4;)// f &y
3.6.1 (-115 kliz) 33 Counts —— 2 - <Ty,
A-=¥7a 50 () &
4
3.6.1 (218 kilz) 34 Counts --- M J ~
s 92 | X 5 )-89 &
3.6.1 (~218 kHz) 35 Counts --- 7” /1(,35/’
3.6.3 -—- N.S. (Stabilit -25 rES +25 o
ENEE -— N.S. -
50 =3 +50 )




wy |

-t - — e

STEP TEST NO UNITS MI,ASURED MAX ACCEPTED l!liJl'.'b'“'lD
5~
3. 6,4 (N1) .- Hz -—- — ‘\
. 4 &3
3.6, 4(N2) --- Hz -—- e o
3. 67?}:3) - Hz - P — Tl
3.7.1.1 (ON) - RF RDY IND ON ON _
1 " R¥ RDY IND OFF OFF
- 3.7.1.1 (OFF) - [ 3
3.7.1.2 (Simulate) | --- dB — i % =
~5.5 @
3.7.1,2 (Normal) --- dB (W' respect to reading -2 +2 @
in 3.7.1.2 Simulate) [») 2
3.7.2.1 - Results per Table I YES YES 4 Cf,)
(D)
3.7.2.2 -—- dB -3 %“2 +3 .
) 3
3.7.2.3(VCX01) | --- dBm & - ‘ ,
> ~3’{j@_ = 2dbm __%”F e
3.7.2.3(VCX02) | --- dBm s : -
2_=3dbgy| —ackn
3.7.2.4 --- dBm -—- o -—- ;
(SIM) -5
3.7.2.4 - dBm (With respect to -2 +2 :
(NORM) reading in 3.7.2.4 SIM) o
3.7.3.3 - 500 Indicator ON ON T3
{500 kliz) Oo¢s =
3.7.3,3 -—- 100 Indicator ON ~ON
Q100 k312) e
3.7.3.3 -—— 20 Indicator ON ON @
(VIR 1 VA T Qgg e
3.7.3.4 (ON) ——— Range Acqg. Ind. ON ©rer ON AP
3,7.3.4 IOFF) - Rangze Ao, Ind.__ OFF Py OFF &
3.7.3.5 (Dop Good) |} ~~- Doppler Good indicator ON O ON &;
2.7.3.5 {Dop Bad) -—- Doppl.r Bad Indicator ON - ON
3.7.3.6 == 1-Way Indicator ON ON ;
{loway) ' G
(6)
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STEP TEST NO UNITS MIN MEASURED MAX ACCEPTLED [REJECTED

- 3.7.3.6 -— 2-wov Indicator ON ON 6:
~{2-wav) Lo, —

3.7.3.7 -—— Mod On Indicator OFF OFF
— (A\od O ¢/

3.7.3.7 -— Mod On Indicator ON J ON %

{Mod On) e

3.7.3.8 -— Data RDY Flashing Flashing

3.7.3.9 --- Ms 100 ttro - &

3.7.4.1 - Results per Table IV Yes Yes @

3.7.4.2 -——— Results per Table V Yes' 'a Yes -

)




SYSTEM S/N AP DATE

- /
SYSTEM ACCEPTED E/ '//-g.- %/W

SYSTEM REJECTED [_)

DVT  Pelcoemeo oN THIS uwiT v Licu OF

SYSTEm ATO Pe@  F. UeolD s NASA TecH officie



LIST OF TEST EQUIPMENT

DESCRIPTION S/N_ O3

Tape Recorder, Sangamo Model 3500 # 70728/
IRIG B Time Codc Generator #£ /3.2 /39
Oscilloscope Tektronix 415 Oscilloscope #H7E0 1535

Computing Counter, HP5360A#9 Eo 97 97
Tine Interval Unit, HP5379A

RF Voltmeter, ubile" L OE 29452
Spectrum Analyzer, Hlééma # 7E011985
Test Set, General Dynamics/Electronics P/N 2106960 £/h00/%3
Attenuator, Kay Model 30-0 77 / £557.57
Noise Generator, GD/Electronics P/N 2106938 fmoeo/5é
.or Recorder, Sccich 871-1-3600 IRH
I requency Synthesizer, HPS5105A # 7L oI G4B

Syathesizer Driver, HP5105B #£ 2 £ » 4 2/p

é
Signal Generator, Hpe%ﬁﬁﬁ 7E04 579

Pown= Supply +5V, 7 Amps# /¢ /¢ 0 o
r Supply +5V, 3 Amps # Sk, s oo~

«1 Supply -7.4V, 250 mA #o&'afy;;-
Ammeler, Weston 901 ~ £&703/3

Wave Analyzer, HP310A #‘;Eo.sv yy
HP331A Distortion Analyzer# 2&c-sb2
Signal Combiner, GD/Eiectronics P/N 2106987 F£2264/57

Power Meter, HP431C #7&'436,2;



Y S ol3

" STEP TEST N0, UNITS MIN 3 MEABQRED‘ MAX ACCEPTLY REJECTEL
2.1 --= Prosence of Caassls Slides | Prescat # Presont TN
el @ o
2.2 ——— Presence o Cable Preasent Prouent @
Retracto:s Y
2.3.1 -—— Guaards on Critical Preseat 2/ Present .' ’
3 3 - ]
2.3.2 ——— Dasable Maridny Prosent Prosont @
- &y
Sl ——— O,-cration on AC Input Yes V(1] (f.{}
Z.1.3 - Presence « & Time Meter Present ! Preaent
3.3.2 ——- Operation vi Power on Proper Proper .!7') 5.»,
[ogicatox Lw) W
3.2.1 (¥153V) - Avps ——- 1.8 C3
$.2.1(~15V) ——— Anips —~— 4,0 Q‘§
1%
3.2.1 (v3\) - Aps —— 34 @
2.2.1 (=%.2V - Anps —=- 12 ()
&)
3,2,1 (+2°V Relayy === Arps - 3 @\
3.2.1 (+24V Sionalf --- Amps a— / 2.4
- 3.2.2 ——- ration at Var AC In '(es Yes —~
2.2, Opors T e e @,0
3.2.3 = Current Limit on Supply les Yes ‘ 7)
P »¢
3.2.4 = Powey Supply Adjustability \les e Yos
Gt
3.2.5 -—— Line anl ioad Regwlation {es ) Yes
3.2,0 -——- verifioation of fusesn Uroseat 22 ﬂ L’rasent @**o
Org
M



STEP TEST NO UNITS MIN MEASURED MAX ACCEPTED |REJECTED
3.3.1 - Hz 5,000,000 e 5,000,000 ,
v PP 2 i""’ -——— h
3.3.2 -aa M.S. 78 to 82
M.S. 18 20 22
V p-p ' -5.5 -€-2 6.5 rj.
N.S. 0 g ¢ 10 )
3.3.2.1 - N.S. (Stability) -25 / 25 GH..
3.3.2.1 tdi N. S, === L === weud
3.3.2.2 --- N.S. -25 /o +25 @
3.3.3.1 .- V p-p 0 z.8 4 &3
3.3.3.2 (20) 1vpp |--- % --- L7 /% 1.2 @p
- o= % o P 1.2 %)
3.3.3.2(500) 1Vpp |--- % —-= Ll 2 1.g e )
205 === % == /2 ]l 5 @-"3
3.3.3.2(100) 2Vpp - -~ % KZ £ 2 «f;‘i.r ~r—
.3,3,2 (20) 2Vpp | --- % === L71 D - RS
3.3.3.3(C) ——— 500 k}{z Tone Not Present 467 foaart Not Present @
3.3.3.3(D, - 500 kHz Tone Present Present |
\ Yoo spAs7 @
3.3.3.4 (500 - Range ACQ --- Illuminated
(500) 4 Pl @
3.3.3.4 (100 ~—- Range A --- Illuminated
- B A ZiL €
3.3.3.4(20) ~—- Range ACQ --- L Iluminated @
3.3.3.5 --- 500 kHz --- ZAL Iluminated ee
Minor Tones i L&XF- Extingulshed (~3 .
3.3.3.86 --- ARC -——- &K’ Extinguished
Range ACQ e ZZL Iliuminated )
3.3.3.7 (100 kHz) |--- 100 kHz IND -—- Illuminated
Z4x %)
3.3.3.7 (20 kH2) --- 20 kHz IND -—- Illuminated e
TLL @
—— -——- Y
3.3.3.7 (4 kHz) 4kHz IND 1Y Illuminated (e
2 H
| 2 :




STEP rEST NO UNITS MIN ME ASURED MAX ACCEPTED |REJECTLD
3.3.3.7 (800 Hz) | ~-- 800 11z IND,_ === LH Hluminated K'm§
3.3.3.7 (10 H2) - 10 Hz IND. --- r/i Illuminated (K]
3.3.3.7 Range Acg Comp Ind. === I £ [uluminated ]
3,4.3 - MV_RMS e 0.52mM0 | --- & .
3.4.9 — MV M‘,s — ‘9154 Ml’ hndnted @ 'r’
3.5.2.1 --- NS, _ ... .. 1 L hgee| &
3.5.2.2 --- N.S. 3,333,300 3,333,340 (52

g 3 z'l b 4 0; L3
.3.5.2.3 -—- N.S. 1,608,303 1,098,303
£ @
3.5.3.1 00 N.S. -- e 6.6 v
V y. 9 b ‘;\l‘ 4
3.5.3.2 01 N.s. Ladaded 7 3.43 -
, 2.73 &
3-5.3.3 02 NcSo - d . b 7 43'8 >
v Y
3'504l1 bk M-V- (RMB) Eadaded coo >
o-9%6My S
3.5.4. l.l hadadd D.B. - - LT )
3.5.4.1.2 (+45) -- D.B. - i P
3.3.4.1.2 (+40) D.B —27 GB_
e Do, de + - oD - -—a- A
S2 N
3- 5-4- 1.2 ("‘35) - D.B. - -——
#7 ©.
3.5.4.1.2 (+30) -—- D.B. —-- ——- IR
6{2¢ L))
3.5.4.1.2 (+29) -—- D.B. ——- -
_27.¢ &,
3.5.4.1,2 (+20) -- D.B. -—- ———
‘ 32 5,
3.5.4.1.2 (+15) - D.B. --- ——- -
3.5.4.1.2 (+12) | --- D.B. - " '
23.3 &
3.5.4.1.2 (+10) ——- D.B. py— p—
(%) | )




" STEP TEST NO UNITS MIN ME ASURED MAX ACCEPTED |REJECTED
3.5.4.2.1 03 N.S. --- - 8.6 ‘
(300 kHz +50 dB) y 0.91 _&
T 35.5.4.2.2 0 N.s. —- g G.6 >
(500 kHz +45 dB) v 69 &
3.5.4.2.3 05 N.5 - 6.0 KEY
(300 kHz +40 7) vy 657 b,
—XT72.4 06 N.S. — 6.6
(500 K ¥z +35 dB) v 053 @
3.5.4.2.5 07 N.S. --- 7.12
& . .
(500 kHz +30 dB) y 6 ? &
3.5.4.2.6 08 N.S. .- 8.2 N
(300 kHz +25 dB) | 2.6l )
3.5.4.2.7 09 N.S. iy > €2 .72
.__(300 kilz +20 dB Lo ‘
3.5.4.2.8 10 N.S. -—- 14,32 i
{500 kliz +15 dB) )2 7.37
3.5.4.2.9 11 N.S. -— 23.4
__(300 kHz +10 dB) i 2446 i
3.5.4.3.1 12 N.S. —-- 8.40
(100 kHz +50 dB) 9:94
—3.3.4.3.2 13 N.S. - 8.46
(100 kHz +45 dB) /o x&
3.5.4.3.3 14 N.S. . 9.44 -
(100 kHz +40 dB ) ) ¥l ! 3
3.5.4.3.4 15 N.S. —- — | 10.86
(100 kHz +35 dB) 4,15
3.5.4.3.5 16 N.S. .- 14,32
(100 kliz +30 uB) - dalhdd
3.5.4.3.6 17 N.S. .- 21.8
(100 kljz + 25 dB) A€ 77
:3.5.‘:‘.32.7+ o aa 18 N.S. -—- " £2.17 35.52
3.5.4.3.8 19 N.S. ——- 62.12 :
(100 kHz +15 dB) 537
3.5.4.3.94¢24dé | 20.°°——{ N.S, - 110.4
(109 sHz +10 dB) y /02w Q
3.3.4.4.1 21 .8. ---
130 Lliz +50 dB) N 43.8 [=)

Ff oo




'STEP TEST NO UNITS MIN MEASURED MAX ACCEPTED {REJEC™ 2D
3.5.4.4.2 .22 N.S. - 43,8 ’::" /4” .
(20 kHz +45 dB) : - Sl N AEE ﬁ}( Sy
~3.3.9.4.3 23 N.S. ——- 46,6 ’ -4
N YN e X '
(29 kHz +40 dB) - v
3.5.4.4.4 '24 N.S. -—- 55,8 ,;f
(20 kHz +35 dB) Tl ‘ N ,:’,J’; }717@)
3.3.4.4.5 25 N.S. -——- FO 76,6 s
(20 kHz +30 dB) éo. Yl L
3.5.4.4.6 26 N.S. - 116. 46 >
.3.4.4, Wt .
(20 kHz +25 dB) s 6.4l 2
3.5.4.4.7 27 N.S. -—- "A'k') 183,2 -
(20 kHz + 20 dB) 13 Q
3.5.4.4.8 28 N.S. - . ¢ 32,2
(20 kHz +15 dB) 322, 5 ;
J.0.4.4.9 29 N.S. - Y,‘.q 600
20 kHz +10 dB) V47 %)
”.5.5.1 -—- Seconds 0 22 o
. (702 ) _
703,52 --- Minutes - T e
e “# /0 | ;
3.. 5.3 bt - Seconds r 27 ,* K - .
20 l{_’ F'\-‘lﬂ .t /‘('--2:3{' Yo - ‘_f‘.az
3.5.6 ,-"15 kHz) 30 N.S. -16.8 V-1 s +16.6 ey
3.3.7 -—-- uSec -——— 25 @
L Lengee
3.6.1 (0 kHz) 31 L sunts --- / - A%
o = wif 23 4 R v
3.6.1 (115 kHz) 32 Coune - 13,56 ;} o ’@
3.6.1 (-115 kHz) 33 Counts -—- v 9,12 4 f? oo “"')JA
3.G.1 (218 kHz) 34 Counts -—- | 2.1 ﬂ qys . 7% —
13117 pae %11/{{7/,:]%
3.6.1(-218 ki'z) | 35 Counts --- v i, 3;’ F rXs w"r'@ - "é}( —
—_— 316 r5.) - . &
3.6.3 — N.S. (Stability) -25 .5 +25 e
3.6.3 td --~ N.S.( - 76. & — QLJ
1.5.4 - N.8. -50 ‘/? 5 +50 Vroe?
w '.'w




STEP

TEST NO UNITS MIN MEASURED MAX ACCEPTED |REJECTED
»~ Iy ml -
3.6.4 (N1) --- 1z R A AN =L . -B)
3.6.4 (N2) .- Hz -0 60?7 @
3.6.4 (N3) aded llz "'e% ¢/ agco pgcw yx- Q'j
3.7.1.1 ({ON) --- RF RDY IND ON ON
o &%)
3.7.1.1 (O --- RF RDY IND OFF OFF &
( FF) C.F/; “{."

.7.1.2 (Simulate) | --- dB --- -—-
3.7.1.2 (Simulate) o 6/3
3.7.1,2 (Normal) --- dB (with respect to reading -2 y, 8 +2 L

in 3.7.1.2 Simulate) ° L
3.7.2.1 -—- Results per Table I YES YES
JES &

7.2, -—— d -3 +3
3.7.2.2 B _3 (‘::9
3.7.2.3(VCX0OY) -—- dBm 2 =3 o -—— @
3.7.2.3(vcx02) | --- dBm ; -3 P — o
3.7.2.4 - dBm -— —

(SIM) + /dgMn @
3.7.2.4 -—- dBm (With respect to -2 + A
(NORM) reading in 3.7.2.4 SIM) + /&y R0
3.7.3.3 - 500 Indicator ON — | ON :
(500 kiz) O
3.7.3.3 --- 100 Indicator ON ON pr

(100 KHz) o) &3
3,7.3.3 - 20 Indicator ON ) ON g
o kdin o
3.7.3.4 (ON) --- Range Acqg. Ind. ON o ON &
3.7.3.4 (OFR) -e- Ranze Acq, Ind, OFF ofé OFF_ =
3.7.3.5 (Dop Good) | --- Doppler Good Indicator ON oN ON
3.7.3.3 Bad) === Doppler Bad Indicator ON o) ON @"2
3.,7.3.6 -—- 1-Way Indicator ON 0"J ON @
SLlowav)

(6)




LCCEPTED

STEP TEST NO UNITS MIN MEASURED MAX REJECTED
3.7.3.6 -— 2-way Indicator ON M ON
(2-way) —
3.7.3.7 -—- Mod On Indicator OFF O FF OFF
{Mod Offd

3.7.3.7 - Mod On Indicator ON oN ON
{Mod On) _
3.7.3.8 .- Data RDY Flashing FZ/’ S -;ﬂjé Flashing
3.7.3.9 -—— MS 100 > /JDM S —~—
3.7.4.1 --- Results per Table IV Yes )/é_’S‘ Yes
3.7.4.2 --- Results per Table V Yes }}E < Yes
<), 3.‘(,/ X PAIC /j[‘é} TrFO or/ o ~

l/ Co. I/ 0 f', /: _' ’(' .]I -

)




