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1.0 SCOPE

This Final Engineering Report of the Panoramic Attitude Sensor (PAS) was
prepared as part of the requirements for Contract No. NAS5-20651. It
contains the following subjects:

1.1 DETAILED FUNCTIONAL DESCRIPTION OF EACH UNIT INCLUDING
IDENTIFICATION OF FAULT DETECTION AND ISOLATION TECHNIQUES

1.2 ANALYSIS FOR THE DESIGN CONSIDERATIONS AND THE DESIGN
APPROACH IN PRODUCING THE OVERALL ASSEMBLY

1.3 SUMMARY FOR THE DESIGN CONSIDERATIONS AND DESIGN APPROACH
IN PRODUCING THE OVERALL ASSEMBLY

1.4 FINAL CALIBRATION DATA ON ALL ASSEMBLIES
2.0 FUNCTIONAL DESCRIPTION AND FAULT ISOLATION AND DETECTION
TECHNIQUES

The PAS system consists of two subassemblies. The instrument assembly, also
known as the scanner head, is illustrated in Figure 1. The scanner head is
connected to the other subassembly, the electronics assembly, by means of a

cable which supplies electrical power and the control signals. The electronics

assembly is illustrated in Figure 2. The sensor head contains a sun slit
detector and preamp, a scanner detector and preamp, a heater circuit, a
stepper motor and associated encoder, and the interface drivers to interface
these circuits with the electronics assembly. The electronics assembly
consists of two compartments. The smaller compartment is sealed to contain
the electrical noise from the power inverter. This compartment contains
only the power supply. The other compartment contains the stepper motor
driver circuitry, the controJ logic, and the interface,cirauits.to.the
spacecraft. This circuitry is contained on two stitchwéTdéd circuit boards.
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2.1 MECHANICAL DESCRIPTION

The scanner head is housed in a small aluminum box with the mechanically
rotated optical assembly on the top. It weighs slightly greater than 0.5
kilogram. The scanner head mechanism consists of a 45 degree stepper motor
that drives the optical assembly through a 64:1 gear train in four passes
of 4:1 gear reduction. The final gear is an antibacklash spring Toaded
gear which reduces the angular uncertainty to less than 0.1°.

The optical assembly is driven at variable rates depending upon the mode

and command status from 78 steps per second down to 10 steps per second or
slower. Ball bearings are used on the stepper motor gear train shafts and
optical assembly. The housing is not hermetically sealed. Ball bearings

and gears are lubricated with a proprietary Tubricant (Vac Kote) which
functions in a hard vacuum without evaporation. The electronics assembly

is a rectangular box designed so that it can be stacked with similar units

in the spacecraft. The power supply compartment contains a power supply

printed circuit board mounted on standoffs with an aluminum cover to seal

the compartment. The othér compartment is open and contains two circuit

boards with interconnecting wiring between the boards and the output connectors.
The a2lectronics components on these boards are soldered or welded on one

side and interconnected on the other side by means of stitch-weld wiring.

A11 of the components on the stitch-weld circuit boards are accessible by
removing the four screws holding down the top board. Drawings of the two major
assemblies, 48001 and 48557 are a part of Appendix A.

2.2 HEATER CIRCUIT
The heater circuit is used for thermal control of the scanner head. It switches

on at a temperature between -10°C and +15°C. It turns off at a temperature between
+5°C-and -5°C. The heater circuit is enabled with the application of spacecraft
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28 volt DC power to the PAS assembly. This heater circuit is tied directly
to the spacecraft 28 volt buss. When the heater is on, an additional 2
watts of power is dissipated in the scanner head. A schematic diagram of
the entire head electronics js located in Appendix A as drawing 48572. The
heater circuit is a part of this schematic. A simplified heater circuit is
shown as Figure 3. The 28 volt power shown connected to the 390 ohm 5 watt
heater resistor is completely isolated from the power operating the PAS
electronics by the jnverter transformer in the power supply. R1 and C]
provide a power supply bypass filter network to supply the ampiifier and
thermistor bridge circuit. The input voltage to the bridge circuit is
further regulated at 20 volts with zen r diode VR1. R2 provides the current
1imit for the zener diode.

Thermistor RT2 which has a nominal resistance of 10K ohm at room temperature
has a resistance of approximately 30K ohm at 0°C and 54K ohm at 12.5°C. As
a resistance the thermistor varies with temperature, a current unbalance is
created at the input of op-amp AR1. Resistor R4 provides positive feedback
causing the op-amp to act as a comparator with a hysteresis of approximately
12.5°C.  The zener diode VR2 assures that no current can flow into the base
of Q1 when op-amp AR1 is in its low stage which can be as high as +2 volts.
Resistor R7 Timits the current into Q1. Resistors R8 and R9 provide shunt
paths for the Teakage currents of Q1 and Q2 respectively. Transistors Q1
and Q2 multiply the output current of ART to 72 milliamps. This current
flows through the 390 ohm resistor heating the gear plate. Thermistor RT2
is mounted physically near the 390 ohm resistor and when it is heated
approximately 0°C, it unbalances the bridge sufficiently to cause ARl to
trip off and the 72 milliamp current ceases tu flow. ‘

2.3 STEPPER MOTOR

The PAS stepper motor is a size 8 permanent magnet DC steppér motor housed
in a metal magnetic can inside the sensor head. It has two 135 ohm windings

with no common ground connection between them. It is operated in a four-phase
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mode with a step angle of 45°. It was designed to operate in a hard-space
vacuum. The motor is pulsed with 12.8 millisecond pulses of 20 volt amplitude,
sequentially, to each of the leads while the unenergized leads are held at
ground potential. The duty cycle of the motor varies from nearly 100% to
approximately 12% depending upon the step rate. Since the dry Tubricant
provides very low frictijon, electrical damping is provided by shorting out

the unenergized windings to ground. This reduces the overshoot and oscilliation.

A drawing of the stepper motor is included in Appendix A as drawing number
48035.

2.4 OPTICAL ENCODER

The optical encoder consists of three major parts; tbe first is three
Tight-emitting diodes (LED)—phototransistor pairs mounted on a Vespel
housing surrounding an encoder shaft. The encoder shaft is an extension of
the motor gear pinfon with slots and holes to block the Tight path between
the LED and the phototransistor as the shaft rotates. The second part of
the encoder is a six-stage electronic counter that increments one count, up
or down, each revolution of the motor shaft depending upon. the direction of
rotation. The third part is an LED phototransistor pair mounted over the
output gear. A hole in this gear allows the phototransistor to be activated
once each revolution of the scanner. The output of this circuit, known as
the zero reference circuit, is used to reset the electronic counter in the
zero count position. The scan head makes 512 steps per revolution. This
position is encoded as a nine-bit digital code. The output of the gear
shaft encoder forms the three Teast significant bits of that code. The six
bits of the counter, forming the most significant bits of the code is
illustrated in Table 1. The three Tleast significant bits are in Gray code,
the six most significant are in binary code. The LED's are supplied current
continuously from the 5 volt internal buss. The =910 ohm resistors in
series with the LED's Timit the current to approximately 3.7 milliamps.

The values of these resistors are selected to set the proper operating
point of the LED phototransistor pair with an allowance for degradation and

T T T



CLOCKWISE COUNTER CLOCKWISE
ROTATION ROTATION

Position MSB Code LSB Position MSB Code LSB
0 1 000000 000 0 0 000000 000
1 1 600000 001 511 0 111111 100
2 1 000000 011 510 0 111111 101
-3 1 000000 010 509 0 111111 111
S 4 1 000000 110 508 0 111111 110
5 1 000000 111 507 0 111111 010
6 1 000000 100 506 0 111111 011
7 1 000000 100 505 0 111111 001
8 1 000001 000 504 0 111110 000
9 1 000001 001 503 0 111110 100
504 1 111111 000 7 -0 000000 100
505 1 111111 001 6 0 000000 101
506 1 111111 011 5 0 000000 111
507 1 111111 010 4 0 000000 110
508 1 111111 110 3 0 000000 010
509 1 111111 111 2 0 000000 011
519 1 111111 101 1 0 000000 001
511 1 111111 100 0 0 000000 000
0 1 000000 - 000 511 0 111111 100
1 1 000000 001 510 0 111111 101

S

When the PAS is in the PLANAR MODE, the Scanner Head position is
represented by a hybrid Grey/Binary code. The three least signif-
icant bits are in grey code and the 7 other bits are in binary as
shown below. The most significant bit is the direction of scan.

The seven Planar mode 10 bit words which are represented in this
form are: AOS1, LOS1, A0S2, LOS2, A0S3, LOS3, and 6,

GREY CODE.
Table 1 =




drift. The 20 volt buss is the source of power for the phototransistors

and their associated buffers. The 20 volts is reduced to 10 volts by

zeners in the scanner head. The phototransistors have 47K ohm load resistors
so that at the switching point of the buffers, the load resistors, in
combination with the impedance of the phototransistors, present a source of
impendance of approximately 24K ohm. (See Figure 4) The buffers have 470K
ohm feedback resistors providing a Schmitt trigger action. The ratio of
feedback and source resistance provides a hysteresis of approximately .5
volt. The slots on the encoder pinion‘shaft are illustrated in Appendix A

eodx

as drawing 48027. The slots are cut to provide the timing sequence, illustrated

in Figure 5, when the shaft is rotating.

The signals from the three shaft encoder buffers labeled encoder A, encoder
B, and encoder C, pass from the head through the cable into the electronics
assembly. CMOS buffer U6 F, D and C, respectively, buffer the encoder

signals as they come into the electronics assembly. The circuit is indicated
on drawing 48574. Transistions of the encoder C %iine, causes the circuit
composed U16D, U7E, R1 and C1 to act as a one shot which generates a positive
pulse on either the negative or positive transitions of the encoder C Tine.
This pulse is gated with the signal on the encoder B Tine using gate U6D

and U56D, so that only the pulse that occurs when the encoder B line is
high, causes a pulse in the clock inputs of the counter composed of U30 and
U42. The signal on the encoder C Tine coming out of gate U7E, is fed into
the up/down input of the counters as a function of the direction of shaft
rotation. The timing diagram for clockwise and counterclockwise rotation

is illustrated in Figure 5.

Thé signal from the zero reference circuit is Tlabeled HOME and comes into -
gate UBE. The signal on the HOME line and all three encoder lines will be
zero when the scanner is positioned at the zero reference angle. The all
zero input to OR gate U44B causes a positive pulse to be applied to the
parallel enable input on the counters. This Toads an all zero count which
effectively resets the counter to zero.
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2.5 SCANNER OPTICS DESCRIPTION

The scanner optics assemwbly consists of a baffie assembly mounted on a
rotating shaft. The scanner rotates about an axis perpendicular to the
mounting plane of thé sensor head. The scanner rotates in 512 steps of

approximately 0.7° each step. The scanner head can rotate continuously through

360° of rotation or can sector through smaller angles as determined by the
input command. The scanner field-of-view (FOV) is 0.7° + 0.1° diameter
about the scan angle. Incoming light within this FOV is reflected 90° down
the axis of rotation of the scanner shaft by a quartz prism. A convex
guartz lens is cemented to the prism to focus the incoming Tight on a
silicon PIN photodiode at the end of the optical shaft assembly. A 0.040
inch diameter aperture at the end of the shaft determines the FOV of the
scanner. The active area of the silicon sensor is also 0.040 inch diameter
which is aligned concentrically with the aperture and the end of the shaft.
A data sheet of the detector is included in Appendix B. The sensitivity of
the scanner preamp is controlled by a select resistor to trip at 0.1 of

the intensity of a full moon when in earth orbit.

2.6 SCANNER ELECTRONICS

The PAS scanner preamplifier is a two-stage DC coupled amplifier using

LMT108A Tow power op-amps. The PIN photodiode Q1 operates in the photovoltaic

mode with zero bias voltage. The output of Q1 is tied directly to the
input of the first stage op-amp AR1. This stage acts as a transimpedance
amplifier with a five megohm feedback resistor. R5 and select resistor R4

form a voltage divider network which raises the transimpedance to approximately

30 megohms. Capacitors C2 and C3 compensate for stray capacitance which

would make the amplifier unstable. C1 is connected to the op-amp compensation

pin.  Figure 6 is a simplified schematic of both scanner stages. It is
also a part of this head electronics, schematic 48572, which is 10cated in
Appendix A. The components of the first stage of the scanner preamplifier,
including the PIN silicon photodiode, are mounted on circuit board A3 which
is mounted near the end of the optical scanner shaft. The second stage of

13
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the preamplifier is mounted on circuit board A2. This stage acts as an
inverting voltage amplifier with a gain of approximately 310. RZ is the
input resistor and R4 is the feedback resistor. C3 is in parallel with R4
which provides a rolloff at approximately 780 hertz. Resistor R3 biases the
input near the no-signal output of the first stage op-amp and resistor Rl
is a select resistor to offset the output near zero volts corresponding to
no signal into the photodetector.

The output of the second stage op-amp flows through R5 and to CMOS buffer
UTA, which is on board Al. R5 in combination with R11 converts the buffer
into a Schmitt trigger with approximately .5 volt hysteresis.

2.7 SUN SLIT OPTICS

The sun s1it assembly consists of two semi-circular aperture halves spaced
approximately 0.004 inches apart forming an aperture with a fan shaped FOV
slightly greater than .5° in a plane perpendicular to the axis of rotation
by approximately 180° in a plane coincident with the axis of rotation of
the spacecraft. The light passing through the sun siit strikes a grit-
blasted aluminized cone which concentrates the 1ight on the active area of
a PIN silicon photodiode of the same type used in the scanner. The sun
s1it preamplifier is a single-stage transimpedance type with a 5 megohm
feedback resistor, R9. Five megohm resistor R8 provides an offset bias to
set the no signal output of level AR2 at near zero volts. Capacitor Cé
provides a Tow frequency vrolloff at approximately 470 hertz. R8 and R9 are
selected to provide the proper sensitivity. C6 is selected accordingly to
maintain the 470 hertz bandwidth. Resistors R6 and R7 are tied to the five
volt bias supply which biases AR2 at the midpoint of its operating range.
C4 provides a rolloff consistent with the network formed by R9 and C6.

2.8 ~ ONE-HALF PEAK DETECTOR CIRCUIT

The output‘bf AR2 feeds into a circuit composed of five transistors which

- senses when a trailing edge pu1sé from ARZ2 passes through one-half the

14
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value of the peak signal amplitude. This one~half peak amplitude detector
circuit assures that the sun crossing angle remains constant as the amplitude
of the sun pulse varies according to orbit parameters. Resistors RI0 and
R11 form a voltage divider with an output equal to one-half the output of
AR2. Q1 and Q2 are complimentary emitter followers whose output offset
voltages cancel. The maximum voltage appearing at the junction of R10 and
R11 charyes capacitor C7 to one-half the peak amplitude of the sun pulse.
This one-half amplitude pulse is supplied to one side of differential pair
Q3 and the output of ARZ2 as applied to the other side. Whenever the output
of AR2 is greater than one-half the peak amplitude of the pulse, current
flows through resistor R16 into the base of Q4 which in turn causes current
to flow to R19 providing an output sun slit pulse. When the output of AR2
drops below one-half of the peak amp]itude voltage stored in C7, Q4 is cut
off causing the sun s1it voltage to drop to near zero. Resistors R15 and
R18 provide a discharge path for C7 and provide a minimum threshtold of
approximately 2.25 volts so that noise pulses will not be sensed by Q3 and
Q4. The output of Q4 is buffered by UID, which also acts as a Schmitt
trigger. Figure 7 is a simplified schematic of the sun s1it preamplifier.
This circuit is a1sg part of head electronics schematic 48572.

2.9 POWER SUPPLY

The PAS power supply schematic, 48561, is located in Appendix A. Twenty-
eight volt spacecraft power enters the power Supply compartment through an
EMI filter labeled FL1. The 28 volt return is connected to a similar
filter FL2. These are L section filters which attenuate electrical noise
with a frequency component above approximately 10 kilohertz. The output of
LT is connected to the input filter capacitor C2. Diode CR1 15 connected
in parailel across LT to 1imit the voltage transients when the power is
switched off the 28 volt buss. The power sUpp1y converter is in two sections.
The first section is a free-running square wave oscillator, powered from
the output of L1. Also connected to the output of L1 is another inductor
L2, which 1imits current transients to the output driver stage during

15
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switching transitions. The output driver stage consists of transformer T2
and transistor Q4 and Q5. Q4 and Q5 are driven from the output of the
control oscillator transformer T1 through speed-up networks consisting of

R5 and C3, for the Q4 base, and for R6 and C4 for Q5's base. The control
oscillator consists of transistors Q2, Q3, transformer T1, and base-limiting
resistors R7 and R8. The frequency of oscillation is determined by the
voltage level applied to T1 primary center tap ET14. This reference voltage
is generated by zener diode VR1. C1 is tied in parallel with VR1 to attenuate
high frequency noise. The current through VR1 is regulated at 10 milliamps
by FET transistor Q1 which is connected as a constant current source.
Resistor R1 is selected during initial test to set the current through Q1

at 10 miTliamps. Select resistor R3 and thermistor RT1 provide a temperature
compensation network to offset the drift in frequency with temperature of

the control ocsillator, with the terminals E11 and E12 Jjumpered together to
provide an oscillator frequency of 20 kilohertz. The jumper is then removed
and resistor R2 is selected to provide an operating frequency of 19 kilohertz.
The power supply frequency can be selected depending upon the mission
requirements by removing the jumper between E11 and E12. Resistor R4
provides an offset current to enhance the starting characteristics of the
oscillator at low temperatures. No additional regulation is included in

the power supply. The secondary of transformer T2 has a winding for the 5
volt internal power buss and a winding for the 20 volt stepper motor power.
The 5 volt supply is configured as a full-wave rectifier with CR6 and CR7.

C6 acts as a filter for the switching transients. Likewise, CR4 and CR5
rectify the voltage for the 20 volt supply and C5 filters out the switching
transients. Filter FL3, 4, 5, and 6 couple the power supply voltages

through the compartment wall into the stitch-weld boards.

2,10 SPACECRAFT INTERFACE CIRCUITS

The signal ihput circuits from the scan head and the spacecraft are illustrated
in zone 12 of drawing 48569. A1l of the input circuits are similar with a

17
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terminating resistor connected to the input of the CMOS buffer. The value
of the terminating resistor varies from 1.8 K ohm to 62 K ohm depending
upon the source impedance and the data rates. The signals associated with
the telemetry data, the input clock and the input command are redundant. ,
The outputs of the 10 kilohertz buffers and the buffers associated with the
telemetry word, word gate and shift pulse are OR'ed with OR gates U8B, C, D
respectively, so that an open or short-to-ground of any input will not
affect the operation of the unit. Similarly, the redundant inputs for
command data and command clock are OR'ed with gates USC and D. These
inputs are enabled by the command envelope signal which is protected from
opens, shorts-to-ground, shorts-to-power as well as buffer failures. A .1
micro-farad coupling capacitor in each channel prevents any steady state
failure from blocking an input command.

2.11 POWER ON CLEAR CIRCUIT

The command envelope signal at the output of UBA is used to reinitialize
the PAS electronics after each command. It also resets the power on clear
latch composed of gates U7, B, and C. The power on clear latch is set on
power application because capacitor C6 does not charge to U7B's input
threshold until the 5 volt power has stabilized. The power on clear signal
initializes the electronics and inhibits the stepper motor drivers until an
input command is received. Diode CR9 discharges C6 when the power is
removed to prepare the power on clear circuit for the next power on cycle.

2.12 TIMING CHAIN

The timing chain as well as most of the counters and flip-flops in the PAS
are clocked sychronously from the 10 kilohertz clock line. Ul5 is a four

18
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stage counter whose output states are decoded by the network composed of
U29 A, B, and C and U30A. The four different combinations of the input
command bits, rate MSB and rate LSB, divide the 10 kilohertz clock by 2, 4,
8 or 16. When the PAS is in the spherical mode, U31A is enabled, and the
output of the counter and rate selection network is applied to the AQS
(Acquisition of Signal) and LOS (Loss of Signal) timers. When the PAS fis
in the planar mode, U3TA 1is disabled and the motor driver decoder network
is enabled. The clock frequency is further divided by four stage counter
U16 and by flip-flops U19 A and B. The pulse train out of U28D occurs at a
1 pulse per motor step rate. This pulse train is applied to U17 which is
configured as a modulor four counter. It will count either up or down

depending upon the voltage level on the direction input, pin 10, or is inhibited

from counting if any of the inputs to U25D go to a Tow voltage level.
The outputs of U17 are further decoded to a one-of-four output by gates
U22A and B, U26B and U33A, B, and C.

2.13 MOTOR DRIVE

The output of each of these states goes to one of four identical motor
driver circuits. These circuits are illustrated in zones 5 and 6 of drawing
48569. The input of each of these driver circuits in an inverting CMOS
buffer driving R-C delay networks. The delay networks are made unsymmetrical
by the connection of a series diode and Tow value resistor in parallel

with the timing resistor. The output of each time delay network is connected
to the input of a CMOS buffer. Noninverting buffer U5A, B, C or D provides
the drive for a 2N222A and a 2N4239 transistor connnected as a darlington
pair. This circuit acts as the return current path for the energized

‘ winding as well as holding both Teads of the unenergized winding shorted to
ground potential. The unsymmetrical time delay circuit at the input causes
a short delay in switching off, but a Tong delay in switching on. The
transistor driver circuits connected to inverting buffers UIA, C, UT1A, C
provide the source current for the energized motor winding by pu111ng the
energized motor phase to +20 volts. Only one motor phase is pulled to +20
volts at a time. The other three phases are held at ground potential. The
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"~ counter. The signal on CROSS occurs once each revolution or sector of the

/4
‘
RC delay network at the input of the pull up circuit also provides a long
delay at turn on and a short delay at turn off. These delay circuits cause
the motor driver outputs to go to a high impedance state for approximately

one-half millisecond before switching high or lTow. This delay allows the 7
stored charge in the output transistors to dissipate before switching. V.

2.14 MODE SELECT CIRCUITRY

The PAS has two major modes of operation, spherical mode and planar mode.

Most of the circuitry operates the same in both cases. However, some circuitry
is configured according to the mode of operation. A quad 2-inpuf multiplexer,
U20, is the device that selects the mode configuration. The major functional
differences between the spherical and planar mode are itemized in Table 2.
Figure 8 is a simplified schematic showing the signal paths through the mode
and selection multipiexer in the planar mode. The last stages of the timing
chain are decoded by U28D. The width of the pulse from U28D s ejual to one
period of the 10 kilohertz clock. It's connected to the modulo four motor E
phase counter U17 through channel 2 of the muitiplexer. This signal called
SLOT F, is also connected to © MIN and © MAX angle comparison gate U13A and B,
to strobe the encoder. If the encoder is at the © MIN angle, the output of
UT3A is a pulse called © MIN with the same timing as SLOT F. In the planar
mode, this signal passes through channel 1 of the multiplexer. In Figure 8
it's labeled as CROSS and is shown connected to the reset of U4B, the target

scan head and by reseting the target counter starts a new -data acquisition
cycle for the PAS. CROSS also sets a flip-flop called FIRST which controls
the loading of data into the output buffer register and into a one-shot gé
circuit composed of U21B and U32C and an R-C delay network. The output of b ‘ %
this circuit called LOAD EDGE F is a short pulse that occurs at the leading '
edge of CROSS. 'This pulse loads the data acquired during the cycle into the
output register. In the planar mode, the target data registers are updated

by loading the encoder position once for each motor‘step pulse. To generate
the signal called LOAD COUNTERS F, the timing chain output from U28B is

AND'ed with the 10 kilohertz clock with gate U27D. The output of U27D passes
through channel 3 of the multiplexer through one-shot circuit composed of U32D,

A L B ke b e e e :

20




-

PLANAR

1. Data is loaded into the buffer
at © MIN encoder angle.

2. Data at AOS/LOS is encoder
ang]e;

3. Motor steps continuously at

rate determined by timing chain.

4. New status word is loaded each
telemetry word

<

SPHERICAL

1. Data is loaded into buffer
at sun crossing.

2. Data is time interval between
AGS/LOS and sun crossing.

3. Motor steps once each sun
crossing.

4. New status word is Toaded each
sun crossing.

Tabte 2
i | PLANAR/SPHERICAL FUNCTIONS
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U21C and R-C delay network. (See Figure 9.) The LOAD COUNTERS F pulse from
U32D is a narrow pulse occuring after the falling edge of the 10 kilohertz

clock. The first 16 bits of the status word, which includes the encoder position,

are loaded at the beginning of each telemetry word transmission. The second
pulse of a burst oscillator, which is triggered by the digital word gate
input, and is buffered by U24C and selected by channel 4 of the multiplexer,
is connected to the status registers by a Tine called LOAD STATUS F. The
digital word gate occurs at the beginning of a telemetry word transmission.

The pulse out of channel 1 of the multiplexer U20 starts a new data acquisition
cycle. In the planar mode, this signal comes from the © MIN angle comparator
circuit. However, in the spherical mode the channel 1 input of the multiplexer,

connected to the sun slit edge decode circuit (U25A and U13A), is enabled causing

the data acquisition cycle to start on the falling edge of the sun crossing.
(See Figure 10.) The output of channel 1 of the multiplexer connects to the
input of channel 2 through gate U24D. The pulse out of channel 2 causes the
motor to step once for each sun crossing. If the telemetry rate is slower
than the sun crossing rate, the input of U24D connected to the flip-flop
FIRST inhibits the motor counter to step only on the FIRST sun crossing after
each telemetry data word. The output of U24D goes through a one-shot circuit
consisting of U21B and U32C to Toad the data and status in the output registers.
The same sun crossing signal from U25A is connected to the input of U27A
along with the 10 kilohertz clock to generate a LOAD ZERO pulse. The LOAD
ZERO pulse forces the parallel inputs to the counters to all-zeros. The same
pulse passes through channel 3 of the multipiexer through a one-shot circuit,
consisting of U21C and U32D, to provide the clock pulse to load the all zero
state into the counter register. Figure 11 is a timing diagram of all of

these signals.
2.15 LOADER CIRCUIT

The loader circuit provides the proper sequence to ]oad the data word and
the output register. The PAS contains two identical 80-bit registers. One
of these is the data buffer register, which is loaded at the end of the data
acquisition cycle. The other register is an output shift register that
shifts out the data word when clocked by.external shift pulses. These
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registers switch functions at the end of each data acquisition/data readout
cycle. Flip-flop U14B, Tabeled FLOP controls the functions of these two
registers. Figure 12 illustrates the sequence of operation. The three
states on the right correspond to FLOP being set to one, the three states on
the left correspond to FLOP reset to zero. At power on,or at the receipt of
an input command the PAS is put in the invalid state. Th{s corresponds to
flip-flop U12B being set. This sets a bit in the status word indicating invalid
data. The first © MIN or sun crossing sets flip-flop U12A putting this
system in the FULL state. In this state, the data buffer is full and it is
ready to be loaded into the output register on receipt of a digital word
gate. Any additional © MIN or sun crossings have no effect, and the data
associated with that crossing is not stored. When a digital word gate
occurs, a burst oscillator consisting of U26A, U13B and U13C generates four
clock pulses to counter U18. After four clock pulses, the fourth stage goes
to a one level inhibiting the burst oscillator. The output sequence of Ui8
corresponds to transferring from the FULL to the COUNTING state on the state
diagram. The toggling of U14B causes the data buffer register to become the
output shift register and the output shift register becomes available to
load the data of the next data acquisition cycle. Data is recirculated in
the output shift register so that multiple digital word gates repeat the data
from the Tast © MIN or sun crossing.

2.16 DATA REGISTERS

The data registers ére part of schematic 48574. U45 through U54 and U57
through U66 make up thekdata buffer and output shift registers. U21 through

-U29 and U33 through U31 form the counter register. In the planar mode, this
- register is Joaded with encoder angles corresponding to target acquisition

and Toss. In the spherical mode, this register acts as six counters which
contain counts correspbnding to sun crossing and target acquisition and loss
times. The target data is steared into the appropriate counter register v
segment by a network of gates connected to U4B, the target counter. This
counter is a shift register which is stepped once for each transition of the
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PSS

7
scanner input. It is reset by a © MIN or sun crossing, depending upon
the mode. The input command register consists of U1, U2, U3, and U4A., It
contains enable bits for the various modes and functions as well as a © MIN and
0 MAX angle. The bit assignments for the data and command registers are Tisted \@
in Tables 3 and 4. ’ ok
2.17 O MIN AND © MAX COMMAND BITS

The © MIN and © MAX command bits are each connected to one side of an

exclusive or comparator circuit. The other side of these angle comparator

circuits, consisting of gates U9 through U16B, are connected to the encoder

counter. When the motor steps the encoder around until the encoder angle

matches the © MIN commanded angle, the output of U13A sets the direction

flip-flop reversing the stepper motor. The direction flip-flop consists of

cross~coupled NOR gates U44A and U55A. When the motors steps the encoder

until the encoder angle is equal to the © MAX commanded angle, U13B resets i
the direction flip-flot causing the scanner to sector between the © MIN and S
© MAX dngles. The © MAX angle comparator is inhibited if the sector bit in

the command word is:'set Tow.

2.18 FAULT DETECTION AND ISOLATION TECHNIQUES

Fault isolation should begin by checking the interface signals on the user
interface connector Ji. Verify that word gate, command envelope, command ;
data, SMSSS, and the 10 kilohertz clock signal have the proper levels and ‘ j
timing to isolate the problem to the PAS system. The pin assignménts for all }
of the signals on the user interface connector are listed as Table 5. The 7
input power should measure 28 volts + 2% and the signal ground, chassis
ground, and 28 volt return should be within a fraction of a volt of the
spacecraft ground.

Proper operation of the DC power converter can be verified by measuing the
input current in various modes of operation and comparing these current
levels with the acceptance test data. The status of the internal 20 volt

L
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i
4
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Command Number
Word of
Name Bits Definition
B37 to Ezg 9 Unused Bits
E28 to EZG 3 Spare Bits Stored But Not Used
EZS 1 Mode Selector Control
EZS = (0 Spherical Mode
EZS = 1 Planar Mode
Eyy to B,z 2 Rate Control EsulEas Clock |Stepper
' MSB is first in 0 0 1250 Hz| 78 Hz
. . 0 1 625 Hz| 39 Hz
LSB is last in | 4 | g 312 Hz|19.5Hz
1 1 156 Hz 9.75Hz
E22 1 Scan Direction Control
0 = CCW, 1 = CW
E,q to E; - 9 Theta Maximum (Omax) Angle
: MSB first, LSB last
ElZ 1 Slew Enable
0 = disabled, 1 = enabled
Ell 1 Selector Scan Control
0 = Continuous Submode
1 = Sector Scan between
Gmax and ©min angles
ElO 1 Sun Sensor Select Control
0 = PAS Sun Sensor
1 = SMSS Sun Sensor
Ey to E; 9 Theta Minimum (©min) Angle
MSB first, LSB last
 Table . Serial Digital Command Word Definition
30
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A=y

Data Number
Word of
Nane Bits Definition
910 10 Encoder Angle
to OlO = 0 for CCW
o = 1 for CW
Y1 09 to Ol are cncoder angle
with 09 = MSB, O1 = [.SB
S10 10 Status Word
S10 - Invalid Data if = 1
to 89 - New Data Planar Mode only.
g Sg - Target overflow = 1
1
S7 - Slew Enable = 1
86 - Sec¢tor Scan Mode = 1
SS - Sun. Sensor Select SMSS = 1
4 - MSB Rate Control See Tab;e‘ 1
85 _ LsB Rate Control ror Definition
S2 - Scan Direction Control CW = 1
Sl - Mode Selector Control Planar =
Spherical
LOS fo 10 Al% six AOS's and LO0S's have the same format
10 i This format is different in PLANAR and
Los (LOS 3) | GPHERICAL mode.
< SPHERICAL MODE:
A0S 4, to 10 10 bit binary number representing count
A0S (A0S 3) | (time). AOS/LOS,, = MSB
AOS/LOS = LSB
LOS10 to 10 , / 1
. | (LOS 2) PLANAR MODE:
LOS, ~ Bits AOS/LOSl through AOS/LOSy are a
hybrid GREY/ BINARY code représenting
A0Sy, to 10 enccder position ADS/L089 = MSB,
A0S ;| (AOS 2) | AOS/LOS, = LSB
LOSlO to 10 AOS/LOSlorepresents direction of scan:
Los (LOS 1) 1= CW
ADS], to | 10 0 = CCW
AOSl (A0S 1)
Total 80
Table 4. Data Word Definition
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USER INTERFACE CONNECTOR

Jl: 311P407-4P-B-15 (Amplimite, 62 pin); on PAS Main Electronics
Pl: 311P407-4S5-B-15 (Amplimite, 62 pin); on User Wire Harness

71/P1 Ji/P1 Ji/P1
PIN No.| SIGNAL NAME ~ IPIN No.| SIGNAL NAME PIN No.{ SIGNAL NAME
1 TP 1 22 CHASSIS GND 43 SCAN THMS 1
2 TP 2 23 CHASSIS GXD 44 SCAN THMS 1 RIN T
3 WORD GATE 1 24 SPARE 15 SCAN THMS 2
4 WORD GATE 2 25 SHIFT PULSE 1 16 1 SERIAL DATA OUTPUT 1
5 SCAN THMS 2 RET 26 SHIET PULSE 2 37 | SERIAL DATA OUTPUT 2 o
6 CMD ENV 1 27 SPARE 48 SPARE
7 CMD ENV 2 23 CMD CLK 1 19 CMD DATA 1
8 SPARE o2 CMD CLK 2 50 CMD DATA 2
9 | SCANNER OUT L (TP) 30 SPARE 51 SPARE
10 SPARE | 51 SUN SLIT 1 52 SMSSS 1
11 SPARE 32 SUN SLIT 2 53 SMSSS 2
12 +5V MONITOR 33 SPARE 54 SPARE
13 +20V MONITOR 34 TP 4 55 SN STRAP 1
14 TP 3 35 TP 5 56 S/N STRAP 2
15 SIG GND 36 TP © 57 S/N STRAP 3
16 SIG GND 37 P 7 58 S/N STRAP 4 .
17 ELECT THMS 1 38 10V SUN PULSE 59 SPARE
18 ELECT THMS 1 RIN 39 ELECT THMS 2 60 SPARE
19 SPARE 40 ELECT THMS 2 RTN 61 10Kz 1
20 +28V DC 41 28V RTN 62 10KHz 2 PR
21 +28V DC ; 42 28V RTN

Table 5 USER INTERFACE CONNECTOR




-

and 5 volt power busses can be determined by comparing the 5 volt monijtor and
20 volt monitor test points with levels measured dufing acceptance tést.
Failures in the PAS system can be Tikewise isolated by measuring the signals
at the head electronics interface. Table 6 is a listing of these signals.
The following power supply levels represent norm%?’operation at ambient
temperatures. '

Signal Name Leturn Name Voltage Level Currrent Level

Heater Heater return 28 volt + 2% < 3 milliamps
10 volt DC 10 volt DC return 12.6 volts + 15% 17 milliamps *+ 20%
5 volt DC 5 volt return 5 volt + 10% 10 milliamps + 25%

The following signal vreturns should be within a fraction of a volt of the
spacecraft ground. Chassis ground, heater return, 10 volt return, 5 volt
return. Proper operation of the motor and encoder can be verified by commanding
the PAS to the planar mode and observing the Phase A, B, C, and D motor The
motor drivers should generate a 20 volt pulse sequentially on each of the

motor leads at the motor step rate timing. The encoder A, B, C, and D signals
should switch between 0 and 10 volt in the grey code sequence corresponding

to the stepper motor operation. The HOME signal, should switch to a zero

Tevel when the encoder count passes between 0 and 8. The scanner signal

should switch from 0 volts to 10 volts when the scanner is illuminated, on
axis, with a 1ight intensity greater than 1/10 of a full space moon. The sun
s1it should switch from 0 volts to 10 volts when the sun slit is illuminated
within its FOV-with a 1ight level greater than approximately 1/3 of a space
sun. A11 thermistors should measure approximately 10 K ohm at room temperature
when measured at either the head electronics interface or at the user interface
connector. "
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‘ HEAD-ELECTRONICS INTERFACE
J2: 311P407-3S-B-15 (Amplimite, 44 pin),; on

CONNECTORS
PAS Main Electronics

P2: 311P407-3P-B-15 (Amplimite, 44 pin); on Head-Electronics Wire Harness
Pl: 311P407-3S-B-15 (Amplimite, 44 pin); on Head-Electronics Wire Harness

Jl: 311P407-3P-B-15 {Amplimite, 44 pin); on

PAS Sensor Head

J2/P2 |- 32/P2 J2/P2
P1/J1 | P1/J1 P1/J1 |
PIN No.| SIGNAL NAME PIN No.| SIGNAL NAME PIN No.| SIGNAL NAME
1 SCANNER ANALOG | 16 CHASSIS GND 31 CHASSIS GND
2 HEATER : o 17 SUN SLIT ANALOG 32 SCAN THERMISTOR 1
3 - | HEATER | 1 18 HEATER RETURN 33 SCAN THERMISTOR RETURN 1
4 | SCAN THERMISTOR 2RTN 19 HEATER RETURN 34 SCAN THERMISTOR 2
o 5 +10V DC 20 10V RETURN 35 HOME
" 6 +10V DC 21 10V RETURN 36 HOME
7 | SCANNER |22 SUN SLIT 37 SPARE
8 | SCANNER 23 SUN SLIT 38 ENCODER C
9 | ENCODER A 24 ENCODER B 39 ENCODER C
10 ENCODER A 123 ENCODER B i0 SPARE
11 SPARE 26 SPARE 4l $D MOTOR
12 $A MOTOR 27 | 4B MOTOR 42 ¢D MOTOR
13 $A MOTOR | 28 $B MOTOR 43 ¢C "MOTOR
14 +5VDC ' 29 5\ RETURN 44 #C MOTOR
15 +5VDC | 30 5V RETURN

Table 6 HEAD ELECTRONICS INTERFACE CONNECTOR
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3.0 ANALYSIS OF THE DESIGN

This section contains an analysis of the sun s1it and scanner signal paths.

3.1 SUN SLIT BANDWIDTH

The following circuit represents the sun slit amplifier.

Z¢
Ny
Va N
(¥ Vo
SH - |
23

: . zi
Vo= Tp (@111 2p+ 70) - Vg g H =0
L 1 -
Zi - ‘
Vo ¥ Tmwz, th
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. i
v s
Yo Lgp g Zitlf
I A
0
= If + 1 i1 ¥ l-f—
) c T T
Vo ZcZf
— = If + Ic + ——
1, b Z._
Substituting:
R Rc 1
7c. = = fc = /
1+sRe 1+ jf/fc ZnReCe
zF = —RL__ FF = 1/2nRFCE
1+ jf/ff '
S Zi = Ri
e
_ Rt
T+ jf/
: fF
Vo _ Rf + Rc i Rc
ID 1+ Jf/fF T+ Jf/fc 1+ Jf/fc Ri
Since fF = fc, Tet fF = fP
Then . , . |
Vo _ Pf + Rc i Re Rf 1
D 1+ jf/fp 1+ jf/fp 1T+ jf/fp Ri 1 f jf/fp
Yo =-———¥;———— Rf + Rc + Rc %;, 1 1
DT+ | 1+ §f/e, ‘




’ ' | } L.
r
‘ or
i Vo _ |RF.+Rc , ReRf 1
8 1D . : . 2
: 1+ /e, Ri (1 + Jf/fp)
RF = 5.7(10°%) CF = 68(10712)
Ri = 10° Ci = 3300(10712)
| (’ Rc = 10°
% . FF = 455 Hz = fc = 482 Hz = fp
! Ri = Rc and Rf Rc
Vo ~ Rf R 1
g g pa
D T/ (T + 3f/¢p)
{
-
Vo~ Rf L] 1
I 1+ 31’/]cp 1+ Jf/fp
* ' Therefore: approximéting
I VoI 2R _2(5)(10%) I _ 107
i 8 ID 1+ 3f/g, 1+ 3F/455 1+ F/455
o A= 140 db Closed Toop Transimpedance Gain
1 + jf/455
If Rf = 8;66M and Cf = 39pf then:
A = Rf + Rc b — Rc  Rf 1
T C Fe=471Hz  Fo= 482 Hz
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nz_ 2RF - 2(8.6)(10°) _ 17.2(10°)
T+ JF/FP 1+ JF(471) 1 + jF/471

Az 1.7(107)
1+ /471

3.2 SUN SLIT VOLTAGE DRIFT
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R R R

y_9_= _RS(] +__1._+__1_) = _(R_I + R3+ R3—l)
1. R R R
in 3 2 2
R1

= - Ry + Ry(T + —)

1 3
Ry

Current Drift

v
V1 = I1R1
and
v Vo =V
o _ ] _ 1 0
I2 = IA + 1p when IA = g- IB = ——~Eﬁ-
2 3
I TS B
27 o
v R2 R3
I.R I.R, =V R R Vv
1™ + 11 0 = I-‘('—}—“' _J_)- _0
R2 R3 R2 R3 R3.
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v
0

now
I

0s

v

minimi

Ri(1 + A) = R, where A = 2>
. 2

Gain

Current Drift.

o | T
II'IZ'E[ "T¥Rs

1 1
= + R1R3I1 (ﬁé + ﬁ;) = I2R3

= Rllx (] + A) = IZRB

= -1, and I =1 +1,

o= LifRi(1 +A) - Ry| - IRy

ze above, then:

R,

. . _R3R» : R-
»le - R3+R2 \/s,

v !2‘ =’R1'+ Rg + RiRy = Ry + Ry (1 + %l )
. 2

in
with Rl = Rz

Vo = 2R,

Iin

Ry Ry Ry + Ry
R2 .

Vo = (I7 - 1,) (Ry + Ry).
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i
Using LM108A data
y V = 54 V/oC
2 .
v I = 2.5pA/oC

I}

5.7 x 108
21X 107

Voltage Drift T0

5x 10°% x 85 (1 +

1]

22.17 mv

2.5 x 107*% x 85 x 5.2 x 10°

[

Current Drift

= 1.7 mv

e,

3.3 SCANNER BANDWIDTH

The scanner bandwidth is controlled by a single pole in the second stage.

1 1 -
2mRC ~ 2m(620 x 10%)(330 x 10-12)

fp =

i fp = 780 Hz.
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3.4 SCANNER VOLTAGE DRIFT

Vin _ Vo Rg _ Vinl
Ra Rs (Ry + Rs) ~ Ry

Vin (—;—+ 3) = Vo

Current Drift
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and V =V{ —uw5_

now I =1 + I

= - + i 5
Vo (IOS II)R3 —4 54 IlR1

since.t >>IOS minimize above
1

i S | " RR

¥ L R = 3 2

| L R +R
3 2
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s Voltage and Current Drift Calculations

LMT08A

VOv = 5yv/OC (max)

Ioc = 2.5pA/OC (max)

Using -25°C to +60°C Range

Vot = 85°C x 5 x 107 x 5.92 = +2.52MV

and ,
R +R i

V= +AIR X 85°C —4+——3 = +3.2 WV 5

ocC 3 R

4

Voltage and Current Drift for First Stage

Vt = /(2.52)% + (3.2)2 x 1073 = 4.1 W

For second stage:

_ 5 x 107°® o _
Vo = hpr— x 85°C x 310 = 131 my
v o= 2.5%10 ' grer s 620 x 10° = 0.13 m
oc °C )

Total system drifts, worst case

2 ‘_ 2
Vot = [(131)% + (0.13)% + (310 x 4.1)%] (1073)
= x1.28v
using typical values

Vot = 4255 mV

T

Py i
EANE I
‘i}f




o el R

T TR I S T P it e e

3.5 SCANNER NOISE

—

o L) S0 [YTiz
nlop /Vﬁ; [~{:> Rg
)

SM Ry | SIk

Ra
[OK

<
4 b
B, 40w/
Q\ 2 "‘v W’Z
Ry

The noise current contribution of Ry, and R, is negligible.
reduces to that shown below:

qu due to the noise voltage is:

= ~6 .
Vo = 0.2 x 10 ° x A//HZ

Ry + Rs + %ﬁ-(Ru + Rs)

where A = R = 5,92
. . "5

Vo=0.2x10°% x 5.92 =1.18 pV//ﬁZ
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t NOISE CALCULATIONS:
-/ ] -
Y AKT = /1,65 x 10720
{
Lo B e & - /ECR
YAz bR vHz
-é-l - _0.2 ]JV
vHz
_ - 10”1
T, = I, = 5.7 i_}o A
vHz
R, =0
= _ 40 nV
N Rz
_ 6
Rs =1 %10

2

2 _ 2 _ 4 2
v (IgR.) ey’ =1

ot
; N
RS
T,? = (200 x 107% )? - (0.13 x 107"* x 10°)? - (40 x 107*)?
| (10°) 2 '
T . 0.15pA
’N Hz

AR
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R,
i

//
W4
%q due to V0 is:
_ 1.18 x 10°° ~ “1n
lq = 796 x5.7xT0° - /-8x10
Therefore:

sz = [ (0.078)2 + (0.15)% + (0.057)% + (0.057)2 ] x (107'2)?

T} = 0.17 pA/ Hz

The equivalent noise current for 780 Hz bandwidth is:

T T - 0.7 x710 '

it eq W/E

780 x 1.57 = 5.95 pA

:K w‘\ '

ey
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1.0 TLECHNICAL SUMMARY

This section summarized the design considerations and design
approach of the PAS from a system standpoint.

4.1 SENSOR SYSTEM

The 1UE-PAS is a medium accuracy solid state attitude determining
system consisting of two separate sensors, the sun slit and the
scanner. The electronics assembly has two basic modes with

two submodes each. These are the spherical and the planar modes
with the submodes being the continuous and sector scan. The PAS
operation is controlled by a 37 bit serial digital command word.
The output data is then read out in an 80 bit serial digital
word and two single discrete digital pulses to represent the

sun crossing. The 80 bit serial word contains timing or angle
infotmation about the Sun, Earth and Moon crossing the respective

fields of view.

The PAS hardware consists of a sun slit sensor, scanner sensor

and associated electronics. The sun slit sensor uses the
collimated sun signal with a slit aperture to provide signal to

a photo diode (silicon) detector. The scanner consists of a

light shield, optics assembly, scanner drive mechanism and
encoder. The associated electronics consists of command decoders,
logic control, counters, driver control, registers and power
converter. A simplified functional block diagram is shown in
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Figure 13. As light comes into the system from either spin of
the spacecraft or because of the scanner drive it is encoded |
15

on the mode of operation (spherical or planar). The data is %j

Y

either in time f{rom sun crossing or angle of encoder depending

shifted out in an 80 bit word upon command from the spacecralt,

4,2 MECHANICAL

The electronics is located in both the sensor head and the -
etectronics assembly. However, the only parts located in
the head are the preamp's, heater control and part of the encoder

b
electronics. The electronics assembly contain the bulk of the |
electronics including the power converter. |

1

The mechanical assembly is also in two parts the scanner head
and the electronics. The head assembly is the more complex
since there is a scanning mechanism used to provide signals.

The scanner head mechanism consists of a 45 degree stepper motor

P

that drives a 64 to 1 gear train. The gear train is four passes

of 4 to 1 gear reduction. The final gear is an antibacklash to
take out angular variations. The optical assembly is then driven

at variable rate depending on the mode and command status from

78 Hz down to one each digital word gate. (For the very slow
DWG condition).

‘The mounting of the scanner head is pfovided at four position
'pads.' The four pads will define one plane to within 0.1
~degrees and mates with a similar surface on the spacecraft. The
electronics assembly will- also be mounted by four pads if it
is the unit that ends up on the bottom in the spacecraft. The
elcctronics unit is also provided with four through holes in
~the corners of the box toc allow them to be stacked in the

spacecraft.
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4.3 SYSTEM DESCRIPTION

The sensor is a two mnde operational aspect sensing system. The
two modes are spherical and planar. Bach of the two modes have
two submodes which are the continuous and sector scan. The

objective is to detect a crossing of the sensor field of view

by either the Sun, Earth limb or Moon and encode data sufficient
to determine the spacecraft attitude. This is accomplished by
either measuring the crossing times relative to the Sun crossing
(spherical) or the angle relative to a set of body fixed
coordinates (planar mode). The resolution of this sensor is 3
0.7 degrees in all modes. | ‘
The sensor operation is controlled by a serial digital command
word. The output is also serial digital data which can be

read out at variable rates depending on the f[rcquency of word-
gate commands and read out clock.

The sensor consists of a solid state silicon 0.5° by 180° sun
slit sensor and a 0.7° by 360° scanner angle sensor. The sun
sensor has a fixed field of view and is activated at each sun
crossing of the 180° by .5° fan shaped field of view. The
scanner is a 0.7° field of view sensor which can be positioned

by a stepper motor to 512 positions, of about .7° each.

4.4 Spherical Mode
The spherical mode is for the spinning spacecraflt condition.
The maximum spin rate is 60 RPM about the x-axis defined in
Figure 14.as the unit is spun about the sun slit crossing is
used to start a counter. Wheh the Sun, Earth and Moon crosses

the scanner field of view two times are stored in AOS,
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(Acquisition of Signal) and LOS (Loss of Signal) holding

registers. The registers are clocked counters. that start
counting on a sun crossing and stop ona AOS or' LOS. The
stearing logic then will accept the next AOS or LOS into two
more counter/registers. The unit is designed to hold up to
three sets of A0S, LOS pairs. If for example, only one of the

- two pairs of AOS/LOS signals are encountered in any one sun

to sun crossing time the third AOS LOS position will contain
the spin period. The data is then transferred to the storage
buffer A after one sun crossing to sun crossing and held there
until a digital word gate comes along. At this time (DWG) the
next sun crossing dumps data into storage buffer B while A was
read out at (DWG). This operation sequence is independent of
the submode status.

The submodes are continuous and sector scanned. The continuous
submode is where depending on the commanded stepper direction,
the scanner is advanced one step on the first sun crossing
after a DWG. This then permits the complete map of the sky in
256 spin periods or DWG's whichever is the longer time. The
intent here is to permit operation with many DWG's per spin
period as well as many spin periods per DWG with no circuit

modification.

The second submode of spherical is the sector scan. The scanner
in this mode steps one step on the first sun crossing after DWG
as before except now only between O max. and @ min. (0 max.

and © min. are commanded through the command words.) The
directioﬁ of scan controls the sclected scan between © max. to

0 min or O min. to O max. (inside or outside angles).

The scanner will continue to scan between 0 max. and 0 min.
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until switched to another mode or submode. The data is trans-

ferred the same as before (continuous submode).

There is one condition which 1s unique to the sector mode and
that is where © max. equals © min. When this condition is
commanded, the scanner will step as before until @ min. at
which time the scanner is stopped. The data will still come

down as before but the position of the scanner will remain fixed.

4.5 PLANAR MODE

The planar mode is for use with a stablized spacecraft condition.
In this mode the sun sensor is not used. The only data will then
be the position of the scanner relative to body fixed position.
In this mode up to three AOS/LOS pairs can be recorded per
rotation of the scanner. The data is transferred to buffer A

or B on the first position © .min. crossing along after a DWG.

In this mode the scanner head can be stepped at different rates

' upon command of 78,39,19.5, and 5.75 steps/sec. The data will

then be the'angular position (0.7° steps) of the AOS/LOS's from
© min., to © min. There gre two submodes in the planar mode as
there were in the spherical mode. These are continuous and

sector scan. The continuous mode is where the scanner steps

at the commanded rate and transfers data on first © min. crossing
after DWG. ' ’ ” ' ’ ’

The sector submode is where the scanner steps at the commanded
rate between O max. and © min. The data is transferred on the
first © min. position after DWG. I{ O max. is set equal to

© min, this mode will not transmit useful data.
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4.6 IUE PAS CONTROL LOGIC

The data flow control is best described with the use of a state
diagram shown in Figure 12 ] The three states are counting,
invalid and full. Since we have two output registers, this is

a mirror image state for the other register. Ilowever the readout
register is unique to only one set of three states.

When the power is applied or a command in is received, the unit
is in the in 11id state. 7This means that data is to be question-
able until a completed spin period. In the invalid staté DWG's
will not cause the state to change. The only way to get out is
with a valid sun crossing. At which time the state changes to
full.i It should be ncted that at all times the counters are

counting.

In the full state the output buffers are ready to be readout

and only a DWG will cause a state change. For example, a sun
crossing will not change the state. Once a DWG comes along, the
data in the output buffer is readout and the state changes to

K

counting.

While in the counting state, only a sun crossing or a command

in will change the state. A command in initializes the sequence
to the invalid state ard starts over. A sun crossing loads
buffers and transfers state to full and waits for the next DWG.

The mirror image is only to indicate that we are using both
buffer register and output register for the same function.
They just flip-flop on each set of complete (new) data. This
allows us to not miss any valid set of data.

"~ The above description is for the spherical mode but is identical

for the planar if we replace sun crossing with 0@ min. crossing

and counting with encoder angle.
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5.0 FINAL CALTBRATION DATA

The calibration data in this

section comes from the test data

taken during the acceptance test of each unit. The test procedures
are defined in the documents referenced on each data sheet. The
data sheet are in the appendices listed below:

APPENDIX

CALIBRATION DATA

C

D
E
E

@y

Power Supply Frequency
Sun Stability
Mechanical Dimensions
Optical and Electrical
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REFERENCE DOCUMENT

BBRC 49960
BBRC 51975
BBRC 49961
BBRC 59959
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Pin-020A Pin-0208B Pin-040A Pin-040B Units
Dark Current Min Typ Max | Min Typ Mx |Min Typ Max |[Min Typ Max
-5 Volts 50 150 800 200 400 4000] Pico amp
—10 Volts 75 250 1000 300 600 6000 | Pico amp
Responsivity Peak a2 42 42 42 amp
watt
N.E.P.
1000 c.p.s. Center
1 c.p.s. Bandwidth
1.5 %Zn Biasw 6x 10”15 2x10~14 10~14 9x 104 watt
8500 A
Capacity
" —BVolts 5 5 20 20 pf
—10 Volts 4 4 16 18 pf
—20 Volts 3 3 12 12 nf
Response Time
20 Volts, 50 chms 5 5 5 5 ns
Maximum Steady
Reverse Vgitage 25 25 25 25 | Volts
Active Diameter 20 20 40 40 Thousandths
Active Area 2x 103 2x 1073 gx 10™3 8x 1073 cm?
¢
—h—0.189
je—>! 0.165
\
Wikibow A5
0.197
1.50 MIN is =~ Signal current =~ 0.5 uA/UW

"+

(&5

TO-18 HEADER
CATHODE (+)
ANODE ()
(CONNECTED
TO BASE)

= Shot noise current

< 3% 10~15 amp/Hz'/2 PIN-020A

< 10~ 14 amp/Hz'/2 PIN-040A

= Dark cuiren

t

= ~10" ohm

= < 50 ohm

UNITED DETECTOR TECHNOLOGY INC.

FORM NO. 1000

R
~
&

S
.

P o

s



Na

WJ.,.,.;E,,H
Pl
:r.,..‘_.wl

APPENDIX C
POWER SUPPLY FREQUENCY
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SUIRSIVARY O Bap i COHPORATION DATE

Hod DER GOLORADLO BU302

CODE IDENT NO 13993 SHEET 16 REV

3.

.2

3

S/N / y C librati d M .

/ lez »(,a ibration due g N2
Decade Resistor Box, GR-1432-M or cquivalent A /& s
S/N  ac//2. , calibration -uec MR ;,__
- VOM, Simp'son; 260 or equivalent 4, /7 . "
S/N Bltod , calibration Lhie‘__0‘Qt’_érmz_@___»___________-

Date Sheet 1

SERIAL NUMBER

S/N_ op& ReVesr Pux MOR BSo/et f
Signature of Test Operator [0,;{/), Qa,,uj/
Start of Test_&B/24/7¢

End of Test Blo¢g/7&

EQUIPMENT REQUIRED

Temperature Chamber, Delta Designs Model 65450 or equivalent,
A /B y SIN__ 267

Temperature Indicator, Minco Model 100A or equivalent,

oY) L, S/N._ 3L 3 A , calibration due
Fea G, 72 |
Oscilloscope and Camera, Tektronix 547 or equivalent, :
7633 y S/IN_ Q- %0oa ‘ , calibration |g
due_Jov 2, 7¢
Frequency Counter, HP5245L or equivalent L S o34 £ R
SIN &7¢ 2 , calibration due F@n 2/ 7
Aoy~
~ DVM Plug In, HPS5265A or equivalent /P 3965 A ,
S/IN_ C-Q247 , calibration dueFn .o 7, 72
Current Meter, Weston 911 or equivalent ,,, ‘ p
S/N 1464 , calibration duc_gfwu oz, 2%
Power Supply,‘ HP6114A or equivalent o144 ’
S/IN O_29795 , calibration duc_'iﬁ_g_z;zl 27

Necade Resistor Box, GR-1432-M or cquivalent gapmm A2//2

A AR-488
o o ovt AT e S-S [ S TR S £ S

agis

s

PR S S T T SR T S T Y T

~
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SUBSIDIARY OF BAIL CORPORATION
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poc nNo 4899060

Y

DATE
‘ BOULDER COLORADO B0302 CODE IDENT NO 13993 SHEET L7 REV
Data Sheet 2
3.5.2 Power Supply Current. Check —
4.1 Visual Inspection. Check £
4.4.1 EQl (2N4858) Gate Voltage
S/N [127 L 3po V.
4.4.2 Rl = EQl x 100 ohms K Q
volt
. 4.5.2 R1 Selection
Record Rl Setting. N/ & Q
Record Nearest 5% Value. MIA 9
4.5.3 R3 Selection
Record R3 Setting. Y7728 Q
Record Nearest 1% Standard Value NIF §
4.5.7 Record Frequency
Measured Reference
__ kHz 7 Only
4.5.9 " R2 Selection _
Record RZ sctting NA
Record nearest 1% standard value NIA__ Q
4.6.4 No-Load Input Current
Measured Requirement
34 mA. 25 + 15 mA.
4.6.6 Full-lLoad Input Current :
Mcasured Requirement.
A7 A, 160 + 20 mA.
4.7.1 Zener Voltage
Measured Requirement
20.05 V. 20 + 2V,
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CODE IDENT NO 13993 SHEET

1

DOC NO

L RGN V]

?@TE S,

REV

4.7.2
4.7.3
4.8.5
4.8.7
4.9.1
4.10.2

e

Lo

NS

Data Sheet 2 (Continued)

+5 Volt Measurement
Measurement

Se//9 V.

+20 Volt Measurement

Measurement

20.6 9 V.

+5V Ripple Measurement

Measurement

O.030 V. Pk - Pk

+20V Ripple Measurement
Measurement

O.023 V. Pk - Pk

Fast Turn-On Check

Isolation Resistance

Measurement

ZLomea V.

Requirement

5.6 + 1.0 V.

Requirement

20 + 2.0. V.

Requirement

20.05 V. Pk - Pk

Requirement

¥0.25 V. Pk - Pk
<

2 Check

Requirement

X1MQ
>

BR-488
vrs
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SURBSIDIARY OF BALL CORPORATION

DATE e

BOULDER COLORADO 80302 CODE IDENT NO 13993 SHEET -1 9 REV
- ORI
l. Data Sheet 3 OF g(l)NOgLQI;JAGEIS
4
¥
4.8.2
10V/cm
10uS/cm
st T
: ’ 1 ; i i : % \
\ 19KHz Switching Wave Shape <
4.8.3%
10V/cm
10uS/cm
N
U RS G T I R e oMb - '."—'_—J




o W/4 Ball broiners Hesearch LCorporation
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ML kb T4 Ba CORPORATION

¢
BOULDER COLORADO 80302 u

CODE IDENT NO 13993 SHEET T REV

| Data Sheet 4

URIGINAL PAGE
r POOR QUALITY ;

50mV/cm

10uS/cm

*+5V. Ripple Voltage

50mV/cm

' i 10uS/cm
o o |
+ | i
i |
- W T

{

4

+20V. Ripple Voltage

i s aeeesm e '”““"‘T’ZS}
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.- 77 Ball Brothers Research Corporation poc No _4986u
[ SUBSIDIARY OF BALL CORPORATION DATE e
‘ BOULDER COLORADO 80302 CODE IDENT NO 13993 sHeeT > 1 REV
Data Shect
> ORIGINAL PAGE IS /744 °
4.11.3,4,5,6 Nominal Temperature OF POOR QUALITY
Power Supply Freq. Switch Displayed
_Setting. __Setting Frequency Requirement
28v + .01 volt 19 KHz [R.LF7Kz 19 KHz + 570 Hz
27.44v + .01 volt 18 KHz 18.7/0 K112 19 XKHz + 570 Hz .
28.56v + .01 volt 19 KHz 18,7/ Kiiz 19 KHz + 570 Hz 4
28v + .01 volt 20 KHz /__7420:,2}(['{7' 20 KHz + 600 Hz .
27.44v + .01 volt 20 KHz /9. 743 K1z 20 KHz + 600 Hzck"s
o
28.56v + .01 volt 20 KHz /9,272 Kiiz 20 KHz + 600 1{23/4:4//
: g ! 2
4.11.7,8" -20°C Temperature
Power Supply Freq. Switch Displayed
Setting Setting Frequency Requirement
Z8v + .01 volt 19 Kilz [£.¢0.3. Kz 19 KHz + 570 Hz <
27,44+ + .01 volt 19 Xlz /&.462 Kz 19 KHz + 570 Hz
28.56v + .01 vall 19 Kiiz I8.907 KHz 19 KHa + 570 11z o,
28v + .01 volt 20 Kliz 1G. 560 Kiiz 20 Kliz + 600 Iz ?f’”c
27.44v + .01 volt 20 Kbz [9.500 Kz 20 KHz + 600 Mz (S
28.5Mm + .01 volt 20 Kilz (9.508 Kz 20 KHz + 600 Hz .’
4.11.9,10 +50°C Temperature
Power Supply Freq. Switch Displayed ;
LSerting Setting frequen.y Fequirement
28y v .01 volt 19 Kz /8270 i 1y Kllz + 570 Iz
27.44v + .01 volt 19 Kiz /8.768 F: 9 Kh= + 570 HZ
.. st
28.56v + .01 volt 19 KHz /&.773 Kl 9 ¥ho + 570,!]7..62;4
28v + .01 volt 20 Kiz /9. 823 K= 20 Klle v 600 tz it
! 2.&23 N DY
27.44v + .01 volt 20 Kilz 19.8/6. Kll: 20 Kllz + 600 il (f‘g:‘.;)
28.56v + .01 volt 20 KHz 19.82( KIl: 20 Kz + 600 Uz
A _ a4

- YA
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CODE IDENT NO 13993 SHEET 1B REV

» H B D

Date Sheet 1 i’

ORIGINAL; PAGE I§

SERIAL NUMBIR
| OF POOR QUALITY

SIN__BO@ 3

Signature of Test Opcmtor_ﬁ*fﬁ’ L@M L

Start of Tcst_migJQZfLéZ:ZQwamu
End of Test Q//4,/7¢

EQUIPMENT REQUIRED

Temperature Chamber, Delta Designs Model 65450 or cquivalent,
NP , SIN_/F3.3

Temperature Indicator, Minco Model 100A or cquivalte.a:,

/V//;’ ’ ) S/Nk___/_ﬁ.”a_,_ _Jcalibraticn due |

Blre/T

Oscilloscope and Camera, Tektronix 517 or equivalent,

r Y- , S/IN__ B /383 ., caliliation
e W5/ P . ...

Frequency Counter, HPS245L or conjvaleot 7,82

S/INKR3Zz@ 5 2y~ , calibration "l“QmA//Q'.'/_Zde.A...,

VAL Plup In, HPSZH5A or cquivalent ,Uv//_zh
f;/N_gjjlzﬁ_@iL&___, calibration due _.._/_Z/QZZG;.
Current Meter, Weston 911 or cquivalent g/
%/,\15“231 wa_“__, calibration duc ['/////72’% o
Power Supply, HP6LI4A or cquivalent /7
’/1\1(’_877':Q o, caldibration duoe 7//63/74 :
Posade Registor Box, GR-TA32 M ar m;ui\';:]_(mtiu//;‘ R
SIN BEZw 5Ol » walibration luwe i /s/7¢
Pecade Resistor Box, iR 1432 4 ov cquivalent A7
SIN_3/3Q.... . calibration vlue & /r&/ 70,

VOM, Simpson 260 or cquivalent MO FLL Ay
S/N @_@/,3{, , (:qlibr{lfi_nn 'lxxn‘///[p/?& ' .
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N Al LOINEES LSS 2ArCN LorpaTaon TR R
t‘ ‘r"";“ UL AI Ol B 0 ORATIO DATE
x , o e et
2N ( ODE_IDENT 1O 13993 SHEET ) 2___. RCV
I
é iJ Data Shecet 2
3.5.2 Power Supply Current. Cheek 27
4.1 Visual Inspection. Cheok /
4.4.1 QL (2N4858) Gate Volrajpe

S/IN_[.2pD | _ e A3p V.

h.h. 2 RL = £Ql x 100 ohms 53
volt

< 4.5.2 Rl Selecction
! Record R1 Setting. 7/ _
Record Nearest 5% Value. é’, & .

4,5.3 R3 Selection

Record R3 Setting. T4l
Record Nearest 1% Staadard Value 752

G807 Record Frequency
Heasured el rone:

’ N Sosp 0T kil Ol

4,509 RZ Selection

Pecord R2 setting /Cig’.LL

Record nearest 1% standard vilae /? . L2
1) Noo hoad Iaput Current

sleasured : Reaui remen!

,2502 mA . 25 = 1S

o n Pkl Load Toput “urrenat

HMeasuroed ’ Clequigeg !

/&0‘,0) m\ . . 1’\‘() [ § BT
4.0 oeney Voltawe

tleasured , -' Kequiremert

204387 g .

30
ORIGINAR PAGE IS
4 OF POOR QUALITY
e e T e s e . .. . . _v_,T.T_‘.‘J
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REV

CEE T TR N R FF R R L)

Conr b e e CODE IDENT NO 13993 SHEE |

Data Shret 2 (Centinuad)
4.7.2 +5 Volt Measurement
Measurement Requirement

SfRA3_V. 50606 1.0 V.

4.7.3 +20 Volt Measurement

Measurcment : Requirement

;26;-5'57 V. 20 *‘_‘ 2.0V,

4.8.5 - +5V Ripple Measurcment

Measurement Requiremen!

_WOA5 V. Pk - Pk SoL0s v, rE Pk

4.8.7 +20Y Ripple Measurement

reasurement ; Requirement

- P
L O0F o V. Pk - Pk N5 V. Pk ik

4.9.1 Fast Turn-On Check

o [solation Resistance
Measurement Reguijremen!

2. /.}__._,__.@M' - 2

ORIGINAL PAGH
OF POOR QUALIT Y

et T D SRR IR OO DO S Py

o

e

TR

9
5
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B

i S RN



O Prottora Ronne
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NOC HE i e

"J{W}g S HGIOIARY OF BATL 1 HPRGRATION DATE . .
AL pon ot coronann soxz CCOE IDENT NO 13993 SHEET - ) RE v
Data Shect g
4.11.3,4,5,6  Nominal Temperaturc
Power Supply req. Switch Displayoed
Setting setting requency Pequirement
28v + 01 volt L0 Kz [ L. 020K AN S I <
27.4dv 4+ 01 volt 19 KHz L9, 01 e 19 Kz + 870 11 C'—‘;-ﬁ:‘)
28.50v + .01 volt 19 KHz /_%Q"@_j};nz L9 Ellz « 570 Hz /,,",7(//
28v + .01 volt 20 Kilz ""’li\fﬂr 20 Elz v 600 1 ;ic‘i’gg,""
20535
27.44v + .01 volt 20 Kilz Er L L AR 20 FHz o+ 60D N
28.56v + .01 volt 20 Kliz 20, 0¥ TN RN
1.11.7,8 -20°C Temperature
Power Supply Freq. Switch Displayed
Sertimz o Setting Frequency tequitenen
ARV o+ 01 wolt 19 Kilz [ G 7EON PooLifz o0 e w .
. 2K
27,00 0 01 volt 19 K /8.833 1 PO e Ty
IR0AHv w0 Vot 19 KH~ /g,,f_fﬁ_(ﬁ_“-”i’ IO Ve e AT, ?”/‘/c_&s
W L0l volt 20 Kz /G, 8931 RGP o
PTLoddv v 01 volt 20 Khz /'?4_542‘,(\!!: RSP TR < e
8.0 4+ .01 volt 20 Kliz 19. 8435 - S0CREE e 606 1
A.11.09,10 +50°C Temperature
Power Sapply Freg. Switch Displayved
Ssetting setting Frequoency Celly ereat
Reoovo0L vt NN [ G057 1 Pa b oo ooy
ST e 0L voly L FIL /7‘()&5 Fit U I oy
2.0y v N volt 10 K /940f7j»!t borobgis o R 473
Yy e 01 volt 20 Kz 20.04) 1t SIS TR A T TP ﬁg{f
7.0dv + .01 volt 20 Kl 20,080 't SUNNIFRIT R P
SRRV 2 L 0L volt 20 L 200066 Yl DR e D00 i
+ PAGE 18
ORIGINAE B
p POOR QU5
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4 WDatl LIVWNIGED NEICOI VIl WU Vil Guwe s - - N DOC NO _F25vuv

SR ARY O BAL T ORPORATION DATE

B L GOt QRADO 80302

CODE IDENT NO 13993 SHEET _1&  REV

3.

3.

2

3

_Current Meter, Weston 911 or equivalent_ 4/ /32

S/INR32¢ Soél _, calibration due [/(/J/?(,

S/N 3/322 , calibration due /[ /1&/ 7 C
. . t 4
VOM, Simpson 260 or equivalent j2 /2 S4&51 ,

Date Sheet 1

SERIAL NUMBER

S/N o o5

Signature of Test Operator 4(2 oL Y é‘_)‘gﬂ“;é '

Start of Test 5[/4/79

End of Test___ 5/ jt/7 ¢

EQUIPMENT REQUIRED

Temperature Chamber, Delta Designs Model 6545L or equivalent,

YA » S/IN___ /333
Temperature Indicator, Minco Model 100A or equivalent,
[LZV//?' s S/IN (2O , cilibration due
Glre)2 € |

Oscilloscope and Camera, Tektronix 547 or equivalent,

AL (2 ,» S/IN__ [ [ B , calibration <

due [y [5/7¢

Frequency Counter, HP5245L or equivalent ) //F

S/N K;3,72¢? S 74—, calibration due 00/ 7
g L

DVM Plug In, HPS5265A or equivalent ) 7 /&7 )
S/N 2c LGt , calibration due_// /5 /7¢

S/N 3-3 2?7 , calibration due 1/ 11/ 28
A f by

Power Supply, HP6114A or equivalent ¢/ /12

S/INC~-89249 3 , calibration due 72//3/ 260 . .
herade Resistor Box, GR-1432-M or equivalent ¢/ /z2

b

e i s e iy st e

Decade Resistor Box, GR-1432-M or cquivalent /s

S/N_@~4(35 _ , calibration due itJre/2L

‘ BR-408 )

i
oy

T

o AT SR bRy

R g
RS o >




G oo oSN
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p% Ball Brothers Research Corporation poc No 389860 T
’- SUBSINIARY OF BALL CORPORATION DATE ‘-
: BOULDER COLORADO 80302 CODE IDENT NO 13993 SHEET .17 ___ REV ?,f
)
- Data Sheet 2
3.5.2 Power Supply Current. Check .~ 15
18
Ve
4.1 Visual Inspection. Check .~ ,'}“1
4.4.1 EQl (2N4858) Gate Voltage n
S/N [ 2. & w234 V. i
[
4.4.2 Rl = EQl x 100 ohms 2?!2‘4, §
volt
4.5.2 R1 Selection
Record Rl Setting. | /.5 s
Record Nearest 5% Value. A
4.5.3 R3 Selection -
Record R3 Setting. ]/ F &
Record Nearest 1% Standard Value /8T & é
‘ i
. 4.5.7 Record Frequency 3
it :
. ) Measured Reference <
A3 &Hz only g
: |
4.5. 9 R2 Selection =
Record R2 setting Dol i |
Record nearest 1% standard value ' 200 2 E ‘
1.0 No-Load Input Current
Measured Requirement =
23.C na. | 25 + 15 mA.
4,0.56 Full-Load Input Current - ]
Measured ; ' Requirenment B
8|
15 85 mA. 160 + 20 mA. ok
4.7.1 Zener Voltage : ‘ 3
: V Measured ‘ ' Requirement
| AOLE( V. w2

x -

g A £ » “ 524 = it o JE T - et oy s e P s
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¥/ Ball Brothers Research Corporation boc No 399600
’. SUHSIIAHY CF BALL CORPORATION E%TE
B DER COLORADO 80302 CODE IDENT NO 13993 SHEET i REV
j, Data Sheet 2 (Continued)
4.7.2 +5 Volt Measurement
Measurement Requirement
S./086 V. 5.6 + 1.0 V.
4.7.3 +20 Volt Measurement
Measurement . Requirement
L2072 V. 20+ 2.0 V.,
F ; 4.8.5 +5V Ripple Measurement
‘ Measurement ' Requirement
<
22335 V. Pk - Pk #0.05 V. Pk - Pk
4.8.7 +20V Ripple Measurement
Measurement Requirement
>  ,035 V. Pk - Pk $0.25 V. Pk - Pk
- 4.9.1 Fast Turn-On Check
: OW  Check
: d.10.2 Isolation Resistance
: ? Measurement Requirement
g T
| L ¥ B 1M
4?
‘uIr
PO — ; | TS N e e BRZ4BE

>

)

S

At i,
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Y W4 Ball Brothers Research Corporation DOC NO ey
é’ﬂj« B SUBSIDIAKY OF BALL CORPORATION DRt XIS
rre e S CODE IDENT NO 13993 sweer 19 REV s
Data Sheet 3
4.8.2
1OV/cm
| '),:S//L'IH
ORIGINAL PAGE 1g
OF POOR QUALITY
19KHz Switching Wave Shape
=1
|
] »}‘\. / C I
i 0uS/on
i |
20kHz Switching Wave Shape




»%/4 Ball Brothers Research Corporation 00C NO e
() - IR LB b BA L LORPORATION DAT

- ' 3 5 (, L e em——

LR JRALG B¢ CCOE IDENT NO 15993 SHEET =¥ = REV s

+20V.

Data Shecet?

Ripple Voltage

Ripj le Voltage

OmV/cC

BR - 488




A v
’. | % Ball Brothers Ressarch Corporation poc No 39960
’ SUBSIDIARY OF BALL CQRPORATION DATE
I | BOULDER, COLORADO 84302 CODEf IDENT NO 13993 sHEET 21 REV
' {
i o Data Sheet §
4,11,3,4,5,6 . Nominal Temperature
" .| power Supply \ﬂ Freq. Switch Displayed
o _Setting Settipg Frequency Requirement
 28v + .0l volt 19 KHz  Q.0(CKHz . LowkBe:t ST0 Hz
| 27.44v + .01 volt 19, KMy KHz . 19 KHz + 570 Hz
| M \? <N /g._Q__ﬁ. T
- 28.56v + .01 volt 19 PRI 19 KHz + 570 Hz
. 28v + .01 volt 20 KHz QO 20 KHz + 600 Hz
] 27.44v + .01 volt 20 KHz ‘ Hz 20 KHz + 600 Hzfm” A
2 28.56v + .01 volt 20 Kz 000D 7RG 20. KHz + 600 Hz /</ "
i D \ /gm, be
P N v
! 4.11.74,8% > - -20°C Temperature ‘ < R
B | . e ) ~.
Power Supply Freq. Switch Displayed
Setting Setting Frequency Agquirement
] :
o 28v + .01 volt 19 KHz ‘ H 19 KHz + 570 H
| 27.44v + .01 volt 19 KHz [BeG 03Ktz 19 KHz + 570 Hz
l 28.56v + .01 volt - 19 KHz /8.98(KHz 19 KHz + 570 Hz ,,,Zy{
| ' ) 13
| 28v + .01 volt 20 KHz ZZ€4Z KHz 20 KHz + 600 Hz Zerce
l 27.44v + .01 volt 20 KHz (9,980 KHz 20 KHz + 600 Hz »459
E 28.56v + .01 volt 20 KHz /9. Qs Xz 20 KHz + 600 Hz &/F
| : .
} 4.11.9,10 +50°C Temperature
} | Power Supply Freq. Switch Displayed
} : Setting Setting Frequency Requirement
{ 28v + .01 volt 19 lE(Hz . - /zQ;z"j’KHz: 19 Kz + 570 Hz
; 27.44v £ .01 volt 18 KHz . /9. 075 KHz 19 KHz + 570 Hz 7
| 28.56v + .01 volt 19 KHz -Mxﬂz 19 KHz + 570 Hz \%ﬂ;
‘, : oo - SR
| 28v + .01 volt 20 KHz - <20.(/] KHz 20 KHz + 600 Hz Aual
| 27.44v + .01 volt 20 KHz . 20,37 K 20 KHz + 600 Hz /72
: . BT ) R o, e 5t 1A
i | 2esev e o voit. 20 KHz * Qg KHz 20 KHz + 600 Hz
! e e K . ——T

.

o
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p% Ball Brothers Research Corporation cO o poc No _4996¢C
2 Sl ARY OF BALL CORPORATION DATE
‘ BOW DR LOLORADO 80302 CODE IDENT NO 13993 SHEET _16 REV

S/IN___ 00l

' Signature of Test Operator ‘SZ«E m:QQ, :\é .

Date Shcet 1

SERIAL NUMBER

Start of Test 67///‘7(,
End of Test_ 5//rm/7¢

EQUIPMENT REQUIRED

Temperature Chamber, Delta Designs Model 6545L or equivalent,

'VOM, Simpson 260 or equivalent /.2 74 (;,.-,-—,;./ ,

N2 , S/N__ [T 33
Temperature Indicator, Minco Model 100A or equivalent,
MZ/? , S/N /;;Z@ , calibration due
E//o)7¢
Oscilloscope and Camera, Tektronix 547 'or equivalent,
A lr7 | , S/IN - /a8 I20 , calibration

due fy /5/7 ¢
Frequency Counter, HP5245L or equivalent 7/,
S/INBBR¢ 57&5, calibration due ///5/7& .
DVM Plug In, HPSZ265A or equivalent  ///Z ' )
S/NBRZ¢e 439/ 2 , calibration due j;/a/7¢

—f :
Current Meter, Weston 911 or equivalent ¢/ // , o,
S/N F~T2L%7 , calibration due // /;,/7 ¢

y . ayy :

Power Supply, HP6114A or equivalent 4/ //. 7 ,
SINC~8-79 2 , calibration due :ZlﬁZKZC IR
“er ade Resistor de, GR-1432-M or ecquivalent L/// s
S/NBBIZQ .5QQ[ , calibration due /(/5'/75”

4 ro
becade Resistor Box, GR-1432-M or equivalent f///2
S/IN__J(3 R -, calibration due_G//&/7¢

SIN_Q-9/30 , calibration due_j///o/7 ¢
; R 4 T
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74 Ball Brothers Research Corporation Doc No 45960
’- SUBSILIARY OF BALL CORPORATION DATE

.1 A X 8

Data Sheet 2
5.2 Power Supply Current. Check -~ %
1 Visual Inspection. Check —
4.1 EQl (2N4858) Gate Voltage %
SIN_ [ 2l AL AR ;
4.2 Rl = EQl x 100 ohms ig‘, ﬁ 52 ¢
volt
.5.2 R1 Selection
Record R1 Setting. 114
Record Nearest 5% Value. [ /O
.5.3 R3 Selection 3
Record R3 Setting. 6 3.3 :
Record Nearest 1% Standard Value & g8 Q | }
1
5.7 Record Frequency |
Measured Reference
2 &0 kHz Only 4
.5.9 R2 Selection 1
Record RZ2 setting Z & 7_(2 ¢ i
Record nearest 1% standard value /| B7 2
.6.4 No-Load Input Current
Measured Requirement
QG 2 mA. 25 + 15 mA.
6.5 Full-Load Input Current
Measured ' Requirement.
NI SRS 160 + 20 mA. ¥
7.1 Zener Voltage ]
Measured | Requirement
|96y, 20+ 20,
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7W/4 Ball Brothers Research Corporation boc No _499b6C
()& LOnLE eARY T BALL GORPORATION ? @T £
‘ B LER Oy ORADO BO302 CODE IDENT NO 13993 SHEET REV.

( P

d

(2

Data Sheet 2 (Continued)

4.7.2 +5 Volt Measurement
Measurement Requirement
5.0790 V. 5.6 + 1.0 V.
4.7.3 +20 Volt Measurement
Measurement Reguirement
2053 V. 20 + 2.0 V.
4.8.5 +5V Ripple Measurement
Measurement Reguirement
<
e3¢ V. Pk - Pk »0.05 V. Pk - Pk ;
4.8.7 +20V Ripple Measurement {
Measurement Requirement 3
< ,
e®. 3¢ V. Pk - Pk 4£0.25 V. Pk - Pk o
4.9.1 Fast Turn-On Check’
| O K Check
4.10.2 Isolation Resistance
Measurement Requirement
; : M2 >
> % %1MQ
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‘ 2. LA A ) SN CCDE IDENT NO 13993 SHEET == REV -

Data Shect 3

8.8 4
U
)i
ORIGINAL, PAGR a
OF POOR QUAm
19KHz Switching Wave Shape
{ )
|
1OV /cm

20KHz Switching Wave Shape
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ORIGINAL; PAGH Iy
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1
|
|
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+20V. Ripple Voltagc
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i { | | t W L -8
_ : 49900
eh L . . Y (DOS NO oo m
?‘gelom:?gm?coammnmﬁ“‘*}“V* Q%\% %3_% Y, BATE —
BOULOER COLORADO 80302 " €oDEf IDENT NO 3993 $HeET 2] REV
1
Data Sheet j§
4.11.3,4,5,6 Nominal Temperature PAGEIS
. I | Dp%\IGPI(b)IOR QUALITY
Power Supply N Freq. Switch Displayed
Setting Setting Frequency Requirement,
28v + .01 volt 19 KHz |G 032 Ktz 19«KHs-+ 570 Hz
27.44v + .01 volt /Q,a;ngHz 19 KHz + 570 7z
%
28.56v + .01 volt 5 19 KHz + 570 H /j\L
28v + .01 volt 20 KHz + 600 H ,,
27.44v + .01 volt 20 KHz 20 KHz + 600 Hz et
-
28.56v + .01 volt 20 KHz 20 KHz + 600 Hz .7/
i
M
4.11.74,8" -20°C Temperature )
. . ~
Power Supply Freq. Switch Displayed
Setting Setting Frequency Requirement
28v + .01 volt 19 KHz /8. E45KHz 19 KHz + 570 Hz ¢f
27.44v + .01 volt 19 KHz | 8, BeAKHz 19 KHz + 570 Hz f
28.56v + .01 volt 19 KHz /8B Z5SKHz 19 KHz + 570 Hz
28v + .01 volt 20 KHz 19423 KHz 20 KHz + 600 Hz /W™
27.44v + .01 volt 20 KHz (9. 875 KNz 20 KHz + 600 Hz &y”/,,,g) ‘
28.56v + .01 volt 20 KHz /9. BL3KHz 20 KHz + 600 Hz g )
M,\’{l ;
4.11.9,10 +50°C Temperature
Power Supply Freq. Switch Displayed
Setting Setting - Frequency Requirenent
28v + .01 volt 19 KH 9,73/ K 19 Kliz + 570 Hz
’ < 4 ‘ » Z / P 2, Z , t *}
27.44v + .01 volt 19 KHz [9dlC KHz 19 KHz + 570 Hz iz
28.56v + .01 volt 19 KHz /G0 KHz 19 KHz + 570 Hz “7ér
28v + .01 volt 20 KHz D0i[3(, KHz 20 KHz + 600 H ‘i{'”‘){l |
27.44v + .01 volt 20 KHz 20,//@& KHz 20 KHz + 600 Hz /’:’/,7/ ;;
28.56v + .01 volt 20 KHz Qo.(/§ KHz 20 KHz + 600 Hz T}
: o?mn:': e o ; ni %; .t - w s ;x:’
\\'” * ]; ik pr— j ~'“»*~-$‘» o 14 N ii
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[ S BRRLE 573¢ ., Cal ]’u“‘,_llf_aa_/_:\;_;_:ZQ.m_...____,,..m. o

S e

@ Ball Brothers Research Corporation DOC NO
4

; 3 - SUBSIIARY OF BALL CORPORATION DATE .
: BOULDER COLORADU 80302 CODE IDENT NO 139583 SHEET i REV

Pata Sherr i
CParaaraon s bors corcespond with onaragraph oonnbers of Tes e
> Fureet teaat, Swa Stabilify-PAS, 5313735,

.2 GENLERAL

.e serial Number Q_,__@/-;k___ e

e  leost Operator :~Jign¢um'og;f,lg@ﬁm_k_/{m

v Date of Test % ozé_z_ér
1 /76

53 LQUIPMENT REQUIRED

° Universal Timer-{ountor, OMC 007A or u{'qj\'.zlcnt'wgﬁr'
SN K-¢ LR ., Cal Datc, ﬁgﬁ__z;qu 7¢&

» Power Supply, 1iP0218A or oquivalent ey o
SINQ-&7Fd sl Dagul [T

3 .

) Decade Resistor sox, GRI43Z-M or cyuivaicat g3 572, 5

SIN_ (S -EBezg ., Ctal hate_9CT_ [/, 7.6

° Pulse Generator, 31 Model PG-32 or equivalent 4///7

)

L Dscilloscope wich Camcra, Teltrorix "623% or equivaic: Jé3isA

. o , /N Gloo . . Cal Dum!z_/gg’(;f Tl

L Cuase Deldy
Measurued TR ST

4l - on. 430+ 132u “ec,

. . vy Ly 4 2y ya ) L. e e e
oo bda i b oy Modsuronese
OO T g U PN SO v o O S w ow o Uy
Modallpeet! : Ctmrelat

4-@:7 RTINS IY U Thavye drow srevions ste, on

- | ORIGINAR PAGE 15 B

. | | OF POOR QUALITY oot

N e ot /

e
S
L5

e

=

~
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74 Ball Brothers Research Corporation DCC NO D193
(4 G IR, RSt P8 AL CORDORATION DATE = s
BOULDER 0L ORADO BOY CODE IDENT NO 13993 SHEET LU BEY
Data Sheet 2
B
P
1 V/cm
4:2.3

SOQU Sl/(‘]".

ORIGINAL PAGE B
OF POOR QUALITY|

2 V/cm 3
[ !
Sun Slit Threshold
Falling Edge Threshold Amplitude
Measured Requircement
¢.0 V. 1/2 peak + 0.5 V

Falling Edge Time Delay

Monsurod

4—20*“ us Reference Only

A BR-4F
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4 Ball Brothers Research Corporation o
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. ta St
i .4
» . threchold Stability
Fatline Bdre Thieshold Stavilit
"lg:uf"ux cd‘ Regquirenent
4!0/ p Chresroid Bf cara-rap
] : : BSOS
ORIGINAI} PAGE 1S
\ OF POOR QUALITY
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74 Ball Brothers Research Corporation poc no 21978
| 2l SUBSIDIARY OF BALL CORPORATION DATE
BOULDER. COLORADO 80302 CODE IDENT NO 13993 SHEET _{) REV

3.

3.

1.

. 1.

Paragraph numbers correspond with paragraph numbers of Test Procedure,
Functional, Sun Stability-PAS, 519075,

2

Data Sheet 1

GENERAL

° Serial Number @~ 3 ‘ .
Test Operator Signaturc(ﬁ_-fn@é)aiw;/. , (f\
NS

° Date of Test “7//a/ /.
AL L4

EQUIPMENT REQUIRED '

° ‘Universal Timer-Counter, CMC 607A or cquivalent g///
SIN Q0. L8RS , Cal Date gl e 20, 7la .o
® Power Supply, HP6218A or cquivalent 2 oo s5#
S/N B/L/}L , Cal Date D«—'C,Z? /970

° Decade Resistor Box, GR1432-M or equivalent A///2 ) !
S/N 3/352 , Cal Date_Fpou, Z/ 1227

. Pulse Generator, 31 Model PG-32 or equivalent A, sz ‘ R
S/IN_ BBPe 575 , Cal Date_ Moy 5 7é .'

° Oscilloscope with Camera, Tektronix 7623A or cquivalentZg.33

, Cal Dutc/[/m//z) 7¢ -

2 Pulse Delay

Measured Requirement

QZ;ﬁ: p Sec. 436 + 132y Scc.

3 Stability Mcasurement

Mcasured Requirement

A_Qj_u Sec.

Change from previous step must be

< 2y Sec.

o)

it

¥
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=3/ Ball Brothers Research Corporation poc No _519756
s ’- SUBSIDIARY OF BALL CORPORATION DAT e
BOUI DER. COLORADO 80302 CODE IDENT NO 13993 SHEET l” s REV
Data Shecet 2
2.3
1 V/cm
4.2.3
S00pus/cm
2 V/cm
Sun Slit Threshold
ORIGINAL PAGE IS
OF POOR QUALITY
Falling Edge Threshold Amplitude
Measured Requirement
- 4 &0 V., 1/2 peak + 0.5 V
Falling Edge Time Delay
Measured
7,,,,%'400
=i f18 Reference Only




2 Ball Brothers Research Corporation poc No 21975 '
(J - SUBSIDIARY OF BALL CORPORATION DATE :
POULDER SOLOMADD 8002 CODE IDENT NO 13993 SHEET J1 __ _ Rev _

Data Sheet 3

R 18
4.2.4 Yi
1V/cm ‘
-
Sms/cm
2V/cm
Threshold Stability
Falling Edge Threshold Stability
Measured Requirement
g : Threshold of Paragraph

3.2 = 1.5V 0.1
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P

JP—

A N N R R R

* rg.omy/4 Van BIOWErs Hesearch Corporation poc no 4975
;:Iﬂ- SUBSIDIARY OF BALL CORPORATION . DATE
BOULOER. COLORADO 80302 CODE IDENT NO 13993 "SHEET .0 ____ REV

Data Sheet |
Paragraph numbers correspond with paragraph numbers of Test Procedure,
Functional, Sun Stability-PAS, 51975,

L e Pt

Mcasured

__A_}..Li_“_u Sec.

Requirement

3.2 GENERAL
. Serial Number mo g ) :
. Test Operator Signaturef) £ - Op 1 ORIGINAL PAA?LEITE
° Date of Test 7/1{/2@ OF POOR QU
3.3 EQUIPMENT REQUIRLD -
L Universal Timer-Counter, CMC 607A or cquivalent N /A7 )
SINRRze 88 s yhal bate Areq Lo/, 7(;- . .
) Power Supply, HP6218A or cquivalent a2 P,
2.( 4 ¢ N
SIN_Emge—gria ., (a1l Datc g442 Dec 29 /97¢
. Decade Resistor Box, GRIA32-M or equivalent DA S22 ,
S/IN_B-8429 o Gal hate Gar L, 76
e  Pulse Gencrator, 31 Mode!l PG-32 or equivalent 7z 2/lo/ ,
S/N 2.7 6 S, Gal I):lt.cm/‘l/o-ys; 74, .
. Oscilloscope with Camcra, Tektronix 7623A or cquivalent 74 5sp
, SINAG no 2 , Cal D““’QQ&&K; Dl
4.1.2 Pulsc Delay
Mcasurcd Requirenent [
4(2. u Scc. 436 + 132y Scc.
4.1.3 Stability Mcasurcment

Change from previous step must be

< 2y Scec.

o
Mg
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SURSINIARY (F AALL CORPORATION

BOULDER CO0 ORADO) AN 02

%/ Ball Brothers Research Corporation

CODE

IDENT NO 13993

DOC NO
DATE

NEET 1D wFvV.

519758

£:2.9

Falling

Measurecd

= E e

Data

Sun

Edge

Sheet

EEE:

Threshold Amplitude

Ihreshold

]

V/cm

500pus/cm

2 V/cm

ircment

y
<<

|\(;.‘lk IR

y



LEeld S da i
3 g s Tt Tt UG U PO alion DOC NO 51975
S VI‘*’ SURSINIARY ()F BALY €.0REY ATION
| M
BOULOER COLORAL ) HOTYG2 = “ODE IDENT NO 13993 SHEET _1 REV
Data Sheet 3
4.2.4 i
1V/cm
Sms/cm
2V/cm
——
"r" Threshold Stability o

Falling Edge Threshold Stability

Measured Requir: ent

4.0 V. threshold Paragraph
-1 AV 1D 1)

M,
ORIGIN 4 +.
OF p%g'ngAGE Is \”7

~®
-
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P%, Ball Brothers Research Corporation poc No 21875
’.f SUBSIDIARY OF BALL CORPORATION DATE
BOULDER. COLORADO 80302 CODE IDENT NO 13993 SHEET . O REV
Data Shoet 1
e Paragraph numbers correspond with paragraph numbers of Test Procedure,
N, Functional, Sun Stability-PAS, 51975,
3.2 GENERAL
) Serial Number o o S A
° Test Operator Signaturcél£j2L134£>Q4“412___1é§
° Date of Test_jp / 95//7{4 .
3.3 EQUIPMENT REQUIRED
° Universal Timer-Counter, CMC 607A or equivalent g///~ ,
S/N_BRiZE (L2777 ,Cal Datempz 3 /977
® Power Supply, HP6218A or equivalent [P [/, //a4 0 s
SINO- 879 2 . Cal DateF@n 22 1977
) Decade Resistor Box, GR1432-M or equivalent o /g .
S/NRRBRC §4(L4 _» Cal Date LR
; . Pulse Generator, 3I Model PG-32 or equivalent 4/ )
i S/IN_BBee S5l ., Cal Date__ Lol 5" 7¢
i ' ° Oscilloscope with Camera, Tektronix 7623A or cquivalent -
{ 7633 , S/IN C-9o001L , Cal Dateflp)sz 7¢
4.1.2 Pulse Delay
Mecasured Requirement

gg 2. u Sec. 436 * 132p Scc.

4.1.3 Stability Measurcment
Measured Requirement ;
3L 2. v Sec. Change from prcvious step must be

< 2u Scc.

A ) BR- 47
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» /4 Ball Brothers Research Corporation :

BE il i

poc NO 21275

() SUBSIDIARY OF BALL CORPORATION DATE €
BOULDER. COL ORADO 80302 CODE IDENT NO 13993 SHEET J‘” REV
Data Sheet 2
;238
P ==
1 V/cm

Sun

Falling Edg

Measured

e ¥

Falling Edg

Mecasurcod

O 1S

S00pus/cm

2 V/ecm

Stit

Threshold

e Threshold Amplitude

ittr(lxl ircment

1/2 peak + 0.5 ¥

&R0 ULy

Reference Only
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A Ball Brothers Research Corporation ooc Nno 51975
(J (i DUBMBAYY 8 BA | 00 00 R Ty DATE =
‘ s R B ~ CODE IDENT NO 13993 SHEET J1_ REV

Data Sheet 3

1V/cm

Sms/cm

2V /cm
Threshold Stability
Falling Edge Threshold Stability
Measured Requirement
0 - V. Threshold of Paragraph
4:2.5 1.6V (6:1%)

ORIGINAR pAGE
OF POOR QUALITY
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1 ’ ;.[' : Sl(’ l
: ion 51070
P Ball Brothers Research Corporation poc No 2 -7
‘ SUBSIDIARY OF BALL CORPORATION . DATE
‘ BOULDER, COLORADO 80302 CODE IDENT NO {3993 SHEET .0 REV

Paragraph numbers correspond with paragraph nunmbers of Test Procedvro,

Data Shret |

Functional, Sun Stability-PAS, 51975,

3.2

-1.

. 1.

SENERAL
Serial Number OO0
Test Operator blgnatuw@ ) iKM £ Za l /'\
° ‘Date of Test ja/.ﬂs"/7é
EQUIPMENT REQUIRED
. Universal Timer-Counter, CMC 607A or cquivalent 4/%
S/IN_BREC Z77 ,Cal Date mpre 3" 72
® Power Supply, HPG6218A or equivalent 442 /[, //2 4 )
S/IN_ 0 879 R , Cal Date ggm 29,27
. Decade Resistor Box, GR1432-M or equivalent /%
SIN_BBRe_Sabe , Cal Date__ ¢4/ /fZ,
° Pulse Generator, 31 Model P(G-32 or equivalent /7
SIN_RBRBRe. _IT785L , Cal Date_woy 3, D6
o Oscilloscope with Camera, Tektronix 7623A or cquivalent
7l 3.3 y SIN_ 0-Foo2 , Cal Date ppps2, 7¢
2 Pulse Delay
“Measurcd Requirenent
_-gﬁ___zxu Sec. 436 + 132y Scc.
3 Stability Measurcment
Mecasured chuifemcnﬁ
348 v Scc. ‘Change from previous step must be
< 2u Secc.

¥ e T ""' T T ". "

15l
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% Ball Brothers Research Corporation ooc NOo 51975
s SUBSIDIARY OF BALL CORPORATION DATE .
‘ BOULDER COLORADO R0302 CODE IDENT NO 13993 SHEET 10 REV

Data Sheet 2

1 V/cm
4,2
S500us/cm
2 V/cm
]
- |
Sun S1lit Threshold
Falling Edge Threshold Amplitude
Measur C_g_l 5?“,‘&“,@ rement
&0 V. 172 pcak + 0.5 ¥
360 wiee
ORIGINAL} PAGE IS
OF POOR QUALITY
A an;as_g
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Ball Brothers Research Corporation

SUBSIDIARY OF BALL CORPORATION

DOC NO __3_]._(‘—’_—_.' =

DATE e
BOULOER. L05.0M00 S0 CODE IDENT NO 13993 SHEET JL____ REV. =
Data Sheet 5
4.2.
1V
5“.‘5/[‘\;“.
1\
==
Threshold Stabilit, <
Falling Edge Threshold Stability
Measured Requirement
YA:-Q_._- v. Threshold of Paragraph
Siso 1.6V (0.1")

BR-488
7e

Q
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% Ball Brothers Res2arch Corporation poc No _49561
‘ SUBSIDIARY OF BALL CORPORATION DATE
BOULDER, COLORADO 80302 - \ CODE IDENT NO 13993 SHEET 19 __ Rev

Paragravh nunbers
Procedure 419961.

3.9
o
[
4.1.1

SERIAL NUMBER

Scanner head serial number

Data Sheet 1
correspond with paragraph numbers of Test

Main Electronics serial number d 2

TEST OPERATOR

Signature of test operator /9€Zq,éiéx,ctmwﬁsﬂf—’
Date of start of test '
Date of End of test

Dimensional Measurements

Instrument Assembly (Figure 2)

Dimension Required

A 37450

b 2190

C 3.093 Basic
D 2.625 Basic
E .187 Basic
F- .183 Basic
g 0

H .005

: o0& HelmsinC ovEr
Fives " 1 hosw.

G255~ 75

‘- 25—

Actual

#4608 ynches

2,99Y .
2, 99" 7/ inches

2. ©933 inches

2,62 52  inches

./ 4%« inches

g .
", 4% &5 ‘inches

-,/30/ inches

L0 /9  inches

@ aio Alwal

T
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Ball Brothers Research Corporation poc No 49961
SUBSIDIARY OF BALL CORPORATION DATE

BOULDER, COLORADO 80302 CODE IDENT NO 13993 sHEET 20 REV

\\\ i

.

w o

Data Sheet 1 (con't) i

- . . . N . . \
J 3.90 Maximum . 9224 inches L(%: .
»f‘»J ‘ﬁ

: 1277 730/ Ly

135 . Cee DR €
/234 J7¢57inches 0

115 2% /285 ﬂ}dﬂ

, (wo®
L .002 Maximum 06/ / inches 45

T sl M

T T

S g

Lo 9

; kB
[ Pt
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P2% Ball Brothers Research Corporation poc wa TET T
% SUBLIIARY OF BALL CORPORATION DATE o
BOULDER COLOHADO 80302 CODE IDENT NO 13993 SHEET __ 21 REV ]
‘/
Data Sheet 2 e L\?,C%
4.1.1 Dimensional Measurements z | f:;f
M/( é’" S 4
Electronics Assembly (Figure 3) ;
Dimension | Required Actual -
Q

A g % g; _é_«_i_,[_gﬁz___inchos
B 6.025 érO/S/ inches @ |
6.030 B/‘ |
le L ;
. ¥ J
C ~ 5.847 Basic é-_gi}iﬁinches |
| 5.295 - |
D 5.285 .&_“_2_-_§:~‘S___1nth€;a i
|
[} ~ ©
I} 320 _ ‘?_E_“__m,linches ‘
. . 469 N |

K .479 _,"%é_ém__ﬂln ‘hes

SR .169 Basic /70 inches
. 085 o |
I 075 082 inchos j

8.135

J e 118 g;’?—é it he s

L0065 :
K Lo AL Y
7.787 Basic 7 72 élh i
A ket AT an

ORIGINAL PAGE Is
OF POOR QUALITY

e
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SUBLIGIARY OF BALL GORPOGHRATICN -
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BOULDER COLORADO 80302 CODE IDENT NO 13993 b

SHEET REV

——

Data Sheet 2 (cont'd)

bimension Required Actual

N .010 003 inches

p . 005 | L0902 inches

? 009 096 incnes

R 1 gig _ l. 3 ij_min«;hf:s

[

. ' 087 . S
S " 097 .0 87 inches

T 005 002 inches

U

~ =

. 960 Z__jéif?_"_inchf‘.b

. 955

o o
v ig° . 75 _1nches

| —
v } 383 | | e "//é__:g~ _iIl‘.. hes

ra

075 : : g c e
. (085S ..-1.9,“ / Turhes |

AA | 169 Basic (77 duenes

. e ,
AR | 8‘;% : r (@) 7__?_-”.“’17:'\‘31

CAG | ‘ . 77 .0'7_2 _.i TN

087

& AR A8 4
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» W4 Ball Brothers Research Corporation : poc No 49961 ’,"f‘ i
() ’ﬂ SUBSIDIARY OF BALL CORPORATION PATE g
BOULDER. COLORADO 80302 CODE IDENT NO 13953 SHEET REV H
; &L
H; Aj'
Data Shecet 3
4.1.2 Weight Mcasurement ’S:
i . : kS
: ;
Instrument Assembly (llead) ’g
¥
Required Actual H-L¥ e -
- <499 gms. 5Z7.55gm m « |
. : Electronics Assembly V*ib
’ anlﬁ \U& i :
7'"“‘,}’ . P(‘7 1
<998 gms. /110,00 gm. 1-(] |
k ' S T J'[}“ZY‘ ?
4.1.3 Center of Gravity Measurecment E
N | Instrument Assembly (Figure 2) f
| _ N /, 6§/  inches o
| P / 65 7 inches el
Mo /43 inches
-, _——'—’Z-— |
: ‘
Electronics Assembly (Figure 3) §
3 :
| AD Y, €4 ~ inches {7
AE 3, 0456  inches e
| AF 0. 690 inches
E ——— T -
Pk i
:
; I3 i______‘, B A BR=488 i




7 Ball Brothers Research Corporation DOC NO o ,
" SUBSIDIARY OF BALI CORPORATION DATE /
BOULDER. COLORADO 80302 CODE IDENT NO 13993 SHEET .19 _ REV
e Data Sheet 1
B Paragraph numbers correspond with paragraph numbers of Test
pl Procedure 49961.
3.8 SERIAL NUMBER v
° Scanner head serial number a0 =
° Main Electronics serial number 00 3
E 3.9 TEST OPERATOR
Signature of test operator Wﬂ Chrocer2_ —TT T 4
Date of start of test -/ -7 |
1
Date of End of test ¥ -/ - 76 |
s
4.1.1 Dimensional Measurements £ {]
bf;‘" Instrument Assembly (Figure 2) ]
Dimension Required Actt_m_l_
A gzgg - 3,77’403 inches
3.010 ' , .
‘ B 2.990 . | 3,004;/ inches
k .o f( o‘”ﬁ.
; C 3.093 Basic 7 2. inches
| T
| | . *Lq ; (‘,’Lbf}
g D 2.625 Basic 7/ 4" inches
o .187 Basic \% Céb inches
:1 . : . (&LJ -6
- P .183 Basic A %7° inches
o ' o175 La A .
% G . ’ .183 , ,/ %(/3 1nches
A | o ‘ .005 ‘ L0 0% inches ;
| e S
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ﬁ; a/ Ball Brothers Research Corporation

SUBSIDIARY OF BALL CORPORATION
BOULDER, COLORADO 80302

CODE IDENT NO 13983 SHEET

J990 1

DOC NO
DATE et

REV

 N—m———

FS g
[N S

Data Sheet 1 (con't)

3.90 Maximum

135
.115

. 002 Maximum

97z ™ e
2773 inches LZ‘iVW?&

Y
,\%//ﬁig;)inches

00/ 5/ inches

D$a5“P47

e
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/4 Ball Brothers ResearchCocpomﬂon DOC NO . —
- “HRSHIARY OF BALL CORPORATION DATE
BUULDER COLORADD 80302 CODE IDENT NO 13993 SHEET __21 __ REV
< s Data Sheet 2.
4.1.1 Dimensional Measurements
lklectronics Assembly (Figure 3)
Dimension Required Actual
A g%gg 5,123 inches
6.025 032770 LT
B 6. 030 6_~7.0Y  inches //7(/
C 5.847 Basic 5,970 inches
7 7 “DYL OLq
5.295 )y/f Ee WO
D s 28% 5,29 ‘,/}d' inches -
AN
46° //\>
{ E 149 Y5 ° inches
F Zgg HY quincheb P("JO
c@\/
e o
. Vol L0 .
G .169 Basic : 1 ~inches
«14 .
i ggg 07{; inches
8.13 ) . '
J 8.112 § /2 & inches
. a0
1S~ 6
K e “ ’?'/fz,q@ inches
| 7.787 Basic 1.1 ¥ inches
.185 _ : .
M 193 /] 990 inches
RS R T | > e ¥ A 1 S et S e ee—————————e . T S} .

b
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J%, Ball Brothers Research Corporation ooc wo MUl
f SUBSIDIARY OF BALL CORPORATION DATE
‘_ BOULDER COLORADO 8002 CODE IDENT NO 13993 SHEET 22 Rev
ij Data Sheet 2 (cont'd)
Dimension Required Actual
N .010 00 2 inches
! P .005 ,0d 3 inches
Q 833 097 inches
} - 1.360 b
£ fx
z “7 , g
S gg; ."Jqq .o%q‘ inches HZ
. : //'\>
T .005 .00 2~ inches <
e 7.960 . -
> u 2 95s 7.95 75 inches
| vV 46’: : : 457 inches
44
! o NS
| . 462 UbZ292 i hos
Y 477 , '47 inches
' | 7 ggg ' L0843 inches
S 2
’ AN » .169 Basic P[éq,jbq inches
S : : | 9 |
AB 'ggg o 617278 inches
; AC : g;; : L9438 inches
e 55
A hoe : |
‘; .
| .
L T

Y4

PRI TP T Rt TR U W1 T -SRI S TP
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SUBSIDIARY OF BALL CORPORATION

! v
W Ball Brothers Research Corporstion

z

poc no Hyuul

ZDeTE P

BOULDER. COL ORADO 80302 CODE IDENT NO 13993 SHEET REV
" Data Sheet }
4.1.2 Weight Measurement
Instrument Assembly (Head) :
Required Actual L C((ﬂ
<499 gms. 5(T5egm pal @9 » 208
¢ ) _h 20
Electronics Assembly ‘}p
’fr-;.h
<998 gms. /{049 gm. Q(i
4.1.3 Center of Gravity Measurement
LA .
¥
Instrument Assembly (Figure 2)
n

NG LLEL4T
V) 477
Mo L33

inches %,,\0515
inches (ﬁ%/’“’"

incnes } :

Electronics Assembly (Figure 3)

av Y, /36 inches %,‘D’w
AL .,ﬂ.b_d./_l_____ inches ., _‘,%:‘ %)J\/}
A 453 inches N

; SR~ 4REK

LY

v
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¥4 Ball Brothers Research Corporation poc No 49961
i SUBSIDIARY OF BALL CORPORATION DATE
‘ BOULDER. COL ORADO 80302 CODE IDENT NO 13993 SHEET 24 __ Rev
“In 0073
’ Data Sheet 4
?é'{
4.4.73 lLower Heater Trip Point o
: Required Actual !
) -10°C to -15°C ~13_°C
; | *
| 1.4.6 Upper Heater Trip Point |
Required Actual
\; -5°C to +5°C ‘ -1 °C
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4 Ball Brothers Research Corporation poc No . tilii]
Z SUBSIDIARY OF BALL COREDORATION DATE
| A BOUI DER. COLORADO 80302 CODE IDENT NO 13993 SHEET 1Y _ Rev
'\ ' Poata Sheoet )
Poragrash wuabeys corresnond with paragraph numbars af Test
o Procedure 19961.
3.8 SERIAL NUMBLR
) Scanner head scrial number oL
Main Llecctronics scerial number (}09/
3.9 TEST OPLERATOR
. Signaturc of tecst opcrator fd{..cu( ﬂ, @Lbzﬁ,
o Date of start of test July 23,1976
. f 5
° Date of End of test K ~¢ 76
; 4.1.1 Dimensional Measurcments
N |
' 'ﬁ Instrument Assembly (Figure 2)
Dimension Required Actual
_ Y6l
A 3-470 i /I/é/(( inches
3.450
' . _ /
': B 3.010 ,7/,‘1% 718
B | 2.990 . @ €s
: C 3,003 Basic '1)=0 1nc]1cs
n | §% 2
| | ‘ /L‘(:q' ot
D 2.625 Basic = inches
L 3
| , I : 187 Basic "5_‘,_\‘3% inches
L | g |
| : ' : & r:zf
: Ko .183 Basic A ,’2%(0 inches g
- - ; 175 \49'?‘ ol
) : ‘ 183 4 _A_L_____lnc,ms‘
. . . e
(: ‘ ; - [."}-(ét e .
ST | S 005 x ‘ 1m,hes o\?;
- \ \
AR | | | N 6y “° ‘5\’159

o eyTC eI T I EETIE A e g

-488




A, e

1t N aqh. i s

N | | | I A |

: v ‘ {—‘
i 49961
pY Ball Brothers Research Corporation poc No 2279+
",’ SUHSIEHARY OF BALE CORPORATION DATE -
M BOULUER COLORADO 8042 CODE IDENT NO 13993 SHEET 20 REV

LR ' Data Sheet 1 (con't) J

J 3.90 Maximum 3,9/52-inches i {

Y PLYLY
K - 135 \'LK&‘! A"ﬂinches
.115 LA LS ,
. —_— LR A
l, .002 Maximum A 2.5 inches \%
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PR Ball Broters Hesearcn Lorporauon DOC NO .o l7
YIS SUBSIDIARY OF BALL CORPORATION DATE . .3
BOULDER. COLORADO 80302 CODE IDENT NO 13993 ~  SHEET 2l ___ REV
S ;
Data Sheet 2. /ﬁ e L/
4.1.1 + Dimensional Measurements
Electronics Assembly (Figure 3)
Dimension Requirecd Actual
6.195 &
A 19 £./375 inches
6.175
ot 33/ T
6.025 €~ . =
B 6.830 §.¢ 3// 1inches Lo
WO
. soyvre. e oAdd
) - C 5.847 Basic 5, S¢¥PE inches P(’é ,
b 5.285 5,3 ®<€__inches :
46° o L cC.’; g
E 14° =N inches P{g‘?\
( M3 J%
F 1‘;3 | : " t/j inches / ! ,
G .169 Basic o/ 73 inches S‘O/\qﬁ
085 o775
H .075 2, 0 77,5 inches
8.135 ..
J 8.115 31274 inches
7.905 . o
K 7.97)6 : 7,‘27(7 inches
| | 28l s g
L 7.787 Basic z 7Y 7& inches
.18 , .
M .19§ /892  inches
A =i
. ™
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/5= i A T
% SUBSIDIARY OF BALL CORPORATION DATE iy
BOULOER, COLORADO 80302 CODE IDENT NO 13993 SHEET .22 Rev ]

Data Sheet 2 (cont'd)

: Dimension Required Actual
N L010 ' .803€ inches 18]

p .005 LOH T -inches

% -
Q 883 ,&Qé_p%'z' inches -

e

. 360 55 .
340 /,5 g inthes

-8 : 88; 'M%Einches : |

T - .005 L0002 inches

A IR PSR- ENPP RPN S S .

ggg o 7.25% _inches g ;‘f
| See st
v 46° FS5™ " inches;b‘ABqua |

44° =

inches - d

i

~N

462
.472

Z 075 .0 35  inches =

.085
S 87 |
AA o .169 Basic ./ &7/ inches B

- 085 e
AB | "07E .07 89 inches

AC‘ 8;; ,@7?é “inches
X SNV TEZ SN 2
oy Q/ .

e ) I L T
R e v R e e
s 3T A LS Tl s U et Gy SRR Yl

SETIST L TSR LRI St

ST gk

it GRS Sao mﬁ?]‘ RONE X SRR
7

‘ﬁ%;\l«‘.“ BEIIEUASL, Sl R L ACmRE W TeaaanoM Im Ay - .- *
e ,

e A g g e e e e T e e S UV S Y
X
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W Ball Brothers Research Corporation

4 SUBSIDIARY OF BAL!I CORPORATION
A BOULDER. COLORADO 80302

CODE IDENT NO 13993

poc No 49961

TE

SHEET REV

Data Sheet 3

4.1.2 Weight Measurement

Instrument Asscmbly (llead)

‘Requircd
<499 gms.

Electronics Assembhly
<998 gms.

4.1.3 Center of Gravity Measurcment

Instrument Assembly (Figure 2)

inches

N LT
P / (.3.5  inches

M _1#1# Q,O_igches

Electronics Assembly (Figure 3)

?"é~7é

AD 4, 00F  inches
. ~ . A2
AE 3.0 %83 inches LN

AF !_ﬁ ZZ inches

ook

oz Tom- 7

¢

7-2%-7 c pok-
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% Ball Brothers Research Corporation
SUBSIDIARY Of BALL CORPORATION

BOULDER, COLORADO 80302

CODE IDENT NO 13993

SHEET

poc No 49961

DATE
24

REV

4.

4.

4.3

4.0

Data Shect 4

Lower Heater Trip Point

Required Actual
-10°C to -15°C ~12.§ °C
Upper leater Trip Point

Requirced Actual
-5°C to +5°C 4+ °C

shoo ¢

8R-
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PEITR Ball Brothers Ressarch Corporation voc no 49961
[?ﬂ SUBSIOIARY OF BALL CORPORATION DATE _

BOULDER COLORADO 80302 CODE IDENT NO 13993 SHEET ___19 _ REV

Data Sheet 1
Paragsrdaph rnunbers correspond with paragraph numbers of Test
Procecdure 49961.

oy
3.8 SERIAL NUMBER
Scanner head serial number oy . -

RV

Main Electronics serial number - ¢ 4%

3.9 TEST OPERATOR

: /) / % ”
Signature Of test operator i‘//:t_c’z_,b,(/f /jj- K"z\.(f(t.’"::-?

Date of. start of test Led 22,/976.
Date of End of test ‘ __@—Dea L 2,/976
7
4.1.1 Dimensional Measurements

Instrument Assembly /Figure 2)

Dimension Required Actual
A 37450 2, s inches
B ‘;’851)8 ' ,j’,ﬁfz/“' inches
C ; 3.093 Basic ~ _», pg24 inches
D 2.625 Basic | Z.6243 inches gl 5
| | ~yefee/p|
E B ’ 187 Basic : ’/7/ inches | |
F v .183 Basic | . //Zé inchces
G | | i;g ‘ | 773 inches

T .MVZ s | f’éV Z- inches JJ:
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Ball Brothers Research Corporation

SUBSIDIARY OF BALL CORPORATION

Jubol

DOC NO

DATE e, -

|

AW 50ULDER COLORADO 80302 CODE IDENT NO 13993 sweey 20 ___ Rev
Data Sheet 1 (con't)
J 3.95 Maximum 5. 4/ ¢- inches
.135 ,/ e T
K - ,'/Lz'//"/’%i?fyinches Fw
.115 Z 1o/t
L .002 Maximum 75 inches

i
abinia

. a
[
#

|

1

i

g
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« . 4 49961
Ball Brothers Research Corporation poc No 72 YL
SUBSINIARY OF BALL CORPORATION 5 DATE
‘ BOULDER. COLORADO 80302 CODE [DENT NO 13993 SHEET REV A
Data Sheet 2.
4.1.1 Dimensional Measurements
Electronics Assembly (Figure 3)
Dimension Required Actual
A g i?lg 4. 744V inche€
6.025 P
B 6.030 (o 0% 2—inches
C 5.847 Basic s8/% 74 inches
D gggg \572&6’/ inches
46° o
E 44° %ﬁ/ degrees
4572 .
F ~i¢42 p ‘/4// inche -
+ 7 ‘
)
G .169 Basic ,/Jf inc}l_es mlzu}
. 085§ — .
H 075 . 7 7/¢f inches
8.135 fo s e
J 8.115 ﬂ/,;?/[ 1‘nches
7.96 &0
K 7 873 7/ /é?; lnche.s
L 7.787 Basic 7. - F 76 inches /
.185 > AR
M 193 , /f%/ﬁ __inches
YV

g




% Ball Brothers Research Corporation
. SUBSIDIARY OF BALL CORPOIATION .

BOULDER, COLORADO 80302

CODE IDENT NO 13993

poc No 49961

DATE
SHEET 22

REV A

{2y

e S &

Dimension

N

AA
‘AB

AC

Data Sheest 2 (cont'd)

.
W,

Reguired
.010

.005

.094
. 099

1.360
1.340

.087
.092

. 005

7.960
7.955

46°
44°

5.245
5.255

6.015
6.020

.462
472

.075
.085

.169 Basic

. 085
.075
.077
.087

Actual
. 0L inches
. OO0 inches
v @? 7 inches
!
/. 73~/ inches
, 0P inches
. &®-3 inches

4, Z.5¢ inches

inches

Lyt
: |

H
& /”iJTKkinches

-

, 4472 inches
L _

o
; X5 inches
ot

]
1

,/Z§7 inches

i
)
‘—-—-

of%5 2~

inches

[\

.:.z!iam .




L

l ‘ ! e l

Ball Brothers Research Corporation

)

S

poc no _4YYoil

Wa[’ SUBSIIARY O BALL CORPORATION TE /‘
K HOUI DER COLORADO 80302 CODE IDENT NO 13993 SHEET REV Y
Data Sheet 3

4.1.2 Weight Measurement ﬁgﬁ

Instrument Assembly (Head)

ER

Required Actual 12-2-7¢4 -

<499 gms. 563 gm. p e (

Electronics Assembly ' CZ@[ 1

y 14 ;

L AT

<998 gms. ()(’ gm, '5

|

4.1.3 - Center of Gravity Measurement ]

Instrument Assembly (Figure 2) ;

|

L, . "

N /. g0 inches |

P /728  inches
M ~n—A~é£¢;— inches

lilectronics Assembly (Figure 3)

AD  3,i/4(4% - inches
AE ¥ ¢u/ _ inches
L Y A inches

1




.[ Lo -

3.0 Ball Brothers Ressarch Corporation poC NO 49901
,é’ﬂl SUBSIDIARY OF BALL CORPORATION DATE
BOULDER COLORADO 80302 CODE IDENT NO 13983 SHEET REV
. S/ﬂ oS /\l
¥
Data Sheet 4
4.4.3 Lower Heater Trip Point
Required Actual
-10°C to -15°C - 2.5~ °C
4.4.6 Upper Heater Trip Point
Required Actual
-5°C to +5°C =3.5 °C

I
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)73 Ball Brothers Ressarch Corporation 00¢ No 49961
a SUBSIDIARY OF BALL GORPORATION DATE _
BOULDER COLORADO 80302 CODE IDENT NO 13993 SHEET 19 _ REV
. Data Sheet 1

Paragraph nunbers correspond with paragraph numbers of Test
Procedure 49961.

3.8  SERIAL NUMBER

Scanner head serial number (’dé

Main Electronics serial number A

3.9 TEST OPERATOR

Signature of test operator %‘7%//% éwa,c- IW@/’/”

Date of start of test oo 2,/974
Date of End of test e 2, /97
4,.1.1 Dimensional Measurements

Instrument Assembly (Figure 2)

g

Dimension Required ~ Actual
A gggg : S inches
B :25851)8 3,005 inches
c 3.093 Basic 3,0920 inches
D l 2.625 Basic 2,62 o inc};cs
E 187 Basic . ]9/ __ inches
F .183 Basic o ,‘/3»3 inches
G -. . :iggk | /79 /7 _inches

" H | o ees ;dﬁﬂ\; inches

dhrrstmst 1 et vz
g, RS
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)4 Ball Brothers Research Corporation poc no 1901 3
/{ﬂ SUBSIDIARY OF BALL CORPORATION DATE et e
BOULOER. COLORADO 80302 CODE IDENT NO 13993 seer 20 Rev |
‘“"} Data Sheet 1 (con't)
J 3.95 Maximum 5,915 . inches
-I35 P9 .
K | “115 R 1n§hes
L .002 Maximum - LG/ inches
:
H g‘
E,ﬁf'”&
i
N
J o ! 1
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: 4 49961
Y. Ball Brothers Research Corporation DOC NO 2220+
SUBSIDIARY OF BALL CORPORATION DATE _
‘ BOULDER. COLORADO 80302 CODE IDENT NO (3993 SHEET 21 REV _A
Data Sheet 2 i{
. §
4.1.1 Dimensinnal Measurements
Electronics Assembly (Figure 3) |
Dimension Required Actual
6.195 ‘ :
AL 6.175 4,/9%/  inches
B g 8;258 {23090 jinches
52 )
c 5.847 Basic 592285 iches
B g %gg 5,244 inches :
46° : ' 4:
E 44° y5e degrees 1
. 852 | ,
F ' ,2,"42 ﬁ/fl—-* inches
'Rl :
G .169 Basic /49 inches
.08
] “o%s ,0 790 _inches
8.13¢ ‘ ; . :
y s,ifg : 3,/2¢]  inches
7.96 .
K ‘ 7,37(5) : 7, 9700 inches
L . 7.787 Basic 7.790) inches
M .igg | L1906 inches
| o _
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SUBSIDIARY OF BALL CORPORATION DATE
e BOULDER. COLORADO 80302 CODE IDENT NO 13993 SHEET 22 REV A
‘L - Dats Sheet 2 (cont'd) ;
Dimension ' Required Actual
' WIEH '
N 10— 00 &Y inches
P .005 O/ inches
Q ggg s C 7}47 inches
’ 1 . ) o l \ 3
. 360 — . '
R 1.340 , /, 3r_gi ;nches
087 o,
S ; 092 N Xf?d inches
T .005 (04 72— inches
.l o 7.960 2945 sncres ) |6
. B Ly
. _ € 1
- . _. Wbe ¥ Z5{1
v 467 45 °  degree
. §4° A egrees #30%
e b S T
i W 5.245 :
5.255 5’26_/ inches ¥
; . , :
X 6.015 g i \
6.020 . £.04%0 inches
. I{ o
Y ‘ :g’g 464  inches
{ ‘.t“' ' ] ;
| ]
L N Z _ » 8;? . 25 inches
, , | !
| . ; ) re
E ' - AA ’ .169 Basic ,/éﬁjﬁ/ inches
H fﬂ“)q s ’ ‘ .
il AB ggg ‘ 0785  inches
e | 077 o
AC .887 L0 8’:‘{% inches
: W . &
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BOUI DER. COLORADO 80302 CODE IDENT NO 13993 SHEET . REV

Data Sheet }
4.1.2 Weight Measurement
Instrument Assembly (Head)
| Required | Actual @
E | <499 gms. A L9 gm = (1,79 géengl
; R o Ea 6
i} "Electronics Assembly X /53 T@Aqq
: 1 <99§ gms. [[ 0% gm. Vv
4.1.3 - Center of Gravity Measurement
| { ] Instrument Assembly (Figure 2)
» v
: N 52T inches
P J, 693  inches
E M [, 3yg  inches
| .
Electronics Assembly (Figure 3)
AD L} 010 inches
AE “2. _Ci_gi inches.
AF 5 irches
e %)
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494901

4.4.6

Data Sheet 4

4.4.3 Lower Heater‘Trip Point

Reguired Actual
-10°C to -15°C - ~-/2 °C

Upper Heater Trip Point

Required Actual
-5°C to +5°C -7 °C

REV
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- - s cose e - ' DUC NO tozo =
D152 SUBSIDIARY (F RALL CORFDRATION DATE
‘ BOUI DER €Ol ORADO A2  CODE IDENT NO 13993 SHEET 54 REV

Data Sheect 1|

Paragraph numbers correspond wilh paragraph numbers of Test Procedure,

Performance-Panoramic Attitude Scnsor, 49959.
3.2 SEDTAL NUMRER .
. ORRHDHUBIUKHBIB
) Scanner head serial number 0o 7. OF, POOR QUALITY
° Main Elecctvonics serial number oo 2, o
3.3 TEST OPERATOR , '
° Signaturc of test operator _ \ N_@(J\‘jm L5 \L‘/”(«
B B/
e  Datec of start of test N %fj]b (04S .
() Date of cnd of test .,u,;7fé4bﬂ ___2200
3.4 EQUTIDPMENT REQUIRED
.o BBRE 53¢
° Visicorder, Honeywell 1508, S/ B=4gf, Cal. Duc ~Elé_
° ITigh Voltage Power Supply, Fluke 301C or cquivalent
T BIN D BoqfeY
. Oscilloscope with camera, Tektronix 547—or cquivalent
_1b%3 - S8/N _-Gpa2 _oor Galo date noV 17 76
° Current probe, Tektronix 6042 or ecquivalent  — )

5/N BBRe $22)  , Cal. datc _"*{'Jl(_l'_)_

° DVM, 1I-I 3446 or cquivalent |Hp3 44S4 , S/N ¢-q247 ,

Cal. date 1h‘11
¥ b .
) Current teter, Weston 911 or cquivalent = — ,
S/N  NAs-4-= 414 , Cal. date %zillm_.“_- ’
e VOR, Simpson—270 or cquivalent HP 24654,
S/N _¢-423s5 ., Calodate afif17.
. Precision power supply, -1V 611474 or couivalent T
S/NC-%146. .., Cal. date  [[aaf1
° Fulse pencerator, Tektronix 2102 or cauivolent _— ,

S/N phaoe ~ %22, , Cal. dote .,ﬂlﬁllhmwm o

° X-Y Plotter, N-P 7047A or cquivalent = ——
S/N _¢-8947 , Cal. date ‘_Hﬂuhﬁb_b_ ..... §
‘e Dividing llead, 2 axis, Leitz Imperial Seriecs 72 or

equivalent

S/N. B~ 1260 , Cal. date ﬂn¢7u

4

N

2

BR-488
1-75




Data Cheot 2
3.6.1 Self Check Check
3.6.2 Test Set Supply Voltages
FUNCTTON REASURPMENT - REQUIREMENT
+28v 069  mA 0.7 + 0.07
+12v Usﬂ m" “.(‘—fn-OG
+10v 052 “mA 0.5 + 0.05
+ 8v .50 mA nN.8 + 0.08
+ 5v 049 mh 0.5 % 0.08 ]
- Sv 0,51 mA 0.5 % 0.05 ) :
4.1.1 Ground Continuity i;
i
Mcasure {rom .
"in _to Din function Measurement Requirement
' 005 S fagfry
20 Tlectronics box CHASSIS GND.  -&v5 (Ohm <0.2 Ohms :
chassis .
E
20 21 CHASSTS GND. w2 Chm  <0.2 Ohns A
17 19 28v Rot. 0L Ohm <0.2 Ohms :
12 13 STC. OND. odq  Ohmw <0.2 Dhms
4.1.2 firoun

a

I

CODE IDENT NO 13993

SHEET 55

REY

. V7294 Ban Browners Hesearch Corporation poc no 49959
W' SUBSINIARY OF DALL CORPORATION DATE
‘ BOUI DR COLONRAND ANAOY

d Tsolation

Measure from
I'in to. Pin

l'unction

Ncquirement

A8 e Sumam e o i s 470, st

Measurement

20 12 ST6. GND. _»10m Chm >100 kQ
20 17 28v DNet. ”"?Jgéﬁjﬂnn >100 k§
4.2.1 Thermistor Continuity

Mcasurce

Pin to_ '_}.lri_o_m Yunction teasurement  Peguirement i
14 15 Hlect. Thms. 1(R 1) _I[JJ4 ko Sk to 15ke

33 34 Ilect. Thms. 2(Rct2) w“ﬂij4wmkm' 5k to ISkQ

35 36 Scar. Thms. ](Pﬁti) ‘IIJ'% k@ 5k to 15kQ

37 5 Scnn; Thms. é(Hsfz) wll?}@w_kﬂ" Sk to 15k,

ORIGINAT} PAGE IS
OF POOR QUALITY.

BR-488
N 75
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49909 P

Yga /4 WA HIUUICED NEdTaVil vul pulauui DOC NO
w‘ SUBSIDIARY OF BALI CORPORATION DATE
. BOULDER. COt ORADD 80302 . CODE IDENT NO 13993 SHEET .56 REV e
‘ Data Sheet 3 /
~
= 4.2.2 Electronics Thermistor Resistance
- - 3
" (Regy - Rerp)x 100% (u,m/ ko - Y k@)x 100%
Ret1 L4 ke
Ret1 = -0.3 % Requirement: + 4%
4.2.3 Scanner Thermistor Resistance ' o
- 9 - i
ip - (Rge1 = Rggp)x 100% _ (_{_{ﬂ_‘ka _li,_(_)_@_kﬁ}x 100% L -
Rstl ﬁ_,_[__/iwkﬂ
; Rst1 = 0,27 3 Requirement: + 4%
) 4.2.4 Thermistor Isolation
Measure from
‘ Pin to Pin Function Measurement Requirement B
j &
}rA 14 20 Elect. Thms. 1 >logg?“ksz >100kQ q 7
N 34 20 Blect. Thms. 2 aq.( ko[ z«y, >100k®
"~ 35 20 Scan. Thms. 1 7S Jo,000  KQT4ERY) S I>1oom
37 20 Scan. Thms. 2 > (0,000 Kf %$100kQ
4.3.3 Initial Turn On Check
4.4.3 Idle Input Current
Function Measurement Requirement
28v input current 44 A - 50mA + 25mA
28v input voltage' 21.9% v 28V + 0,28V
(E; ) . T
4.4.4 Idle Input Power
1.‘ Py = Bip X Ty )
f = 095 v x 44;;mA
nE oy B : » . ;
/;,ﬂfi = 221 mW. Reference reading only.
[ = S | -
{0 : 2 X
: , . : \
| _ g : o 4 . S
P X iR
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‘g7, DOC NO
W’ SUASINIARY OF BALL CORPONATION DATE
‘ BOULDER COLORADO Anne CODE IDENT NO 13993 SHEET 97 _ REV —
Data Sheet 4
4.4.6 Scanner lotation Check L
4.4.7 Running Power
Function Measurcment
28v input current 159 Neference only
(1;,)
i : 17%¢ Poler .
28v input voltoge L Deference only
(Ein)
Pr - hin X Iin
= 2944V x (59 mA
= d4427mw Requirement <5.0 watts
4.4.11 Main Electronics Power
Punction Measurement
28v input current 2s mA Reference only
(Ti4) | .
28v input voltage L)4AV Reference only
(B, )
P =T1. x T,
c in in
= 2742V x 2S5 mA
Pe = 639 _mw - lequirement <1.0 watts
4.5 Fower On Initialize
4.5.3 v Check
4.5.5 v Check
4.5.7 A0S +‘|.(¥Sl + ANKZ2 + 10OK2 + AQK3 + LOSZ -~ 1060
OEESET = et ._J«%ﬁ_._____«LA3A__... VT X N 1. A R X 4
! 6
~ Nl s
OFFESET = ) “Pequirement: + 3
4.5.8 v~ Check
4.5.9 " Check

BR-488
1-75
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4 B K

%, LN IR
fg . ’/ Z/‘ (TR I LV ety P R LI TRV IRV E R VAN T VA LY VI VI A DOC NO
ht W- SUBSHNARY OF RALL CORPORATINN DATE
‘ BOUI DR COEONRADO RDNY . CODE IDENT NO 13993 SHEET 58 . REV
E . Data Sheet §
- .
: S 4.6.1 Analog Telem Calibration
L Measurc from
| Pin to Pin Function Measurement Requirement
‘ 12 9 + 5v MONTTOR 431 v 4.0 + 1.0V
| 12 10 +20v MONTTOR  “Zoqg 4.0 ¥ 1.0V
% 4.7.2 Scanncr Pevolution Rate
f Rate (R) Rate Readout  Mcasured Time Nominal Time .
:}i 0 0 .3 SN L 52 scc.
| 1 b RSO 26 sec.
1 2 2 1% scec 13 sec.
: 3 D e Lt.s_scC 6.5 scc.
4.8 Invalid Nata Test
4.8.1 =~ Check
B 4.8.2 __ Check
1 e 4.9 CW-CCW Test <
- 4.9.2 _— Check
4.9.4 _v _Check
f 4.9.5 __~ Check
- 4.9.0 v Checl
! 4.9.7 o Check
4.10 Sector Test
i 4.10.2 v~ Check
. 4.10.3 - Check
B 4.10.4 «  Check
2
E } 4.10.5 ~Mi_/_':_(21\c‘cl< ‘
B ,
1 4.10.6 ~~ Check p
i 4.10.7 _«— Check
e 4.10.8  « CGheck
1.10.9 ng%(‘.lwck '
; 4.10.10 L Check
: f BR-488
£ I~ 75
l‘. o S, p o ————— e §
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i‘ AOULDER CGOF ORADO A0

S

CODE IDENT NO 13993

DATE ..

SHEET .50 . REV

Data Sheet 6
4.10.11 __«~ Check
4.10.12 .~ Check
4.10.13 ¢~ Check
14.10.14 1 Check
4.10.15 “” Chock
4.10.16 ¢~ Check .
4.10.17 ¥ Check
4.10.18 _L__Chock
4.10.19 v Check
4.10.20 - Check
4.10.21 - Check
4.10.22 1 Check
4.10.23 7 Check
4.10.24 " Check
4.10.25 Y Check
4.10.26 v~ Check
4.10.27 v Check
4.10.28 L7 Check
4.10.29 .~ Check
4.10.30. L~ Check
4.10.31 v’ Check
4.10.32 . Check
4. 1().33 N__!{(th(k
4.10.34 ‘__m,_“\{i(Ih_ock ‘
4.10.35 _Ng‘__'(:hock'
4.10.36 wg{_’_;_cm(ck
1 4.10.37 v Check
= N

s

Lrismeize v
.t 5
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W" SURSIDIATY O 1AL .C.(.;.';‘(.':':l;-);lvv-vv-uﬂv" poc Mo
‘ BOLIDER COaiann o in: CODE IDENT NO 13993 SHEET __Q_ODATE REV
Data Sheet 7
4.11.6 Sector Check Check ¥
4.11.7 Power Sunply Variation
POWER AOS/LOS 0
SUPPLY DISPLAY READOUT
26.60 + 0.20v (-4%) W e
28.84 + 0.28v (+2%) - e
28.00 + 0.28v (NOM) & s A
4.11.9 Clock Frequency Variations
Frequency at Fatlure Yeguirement
Upper _ 20, Mz >12.9 Mz
Lowe£ __H$§:m-*;MHz <10.0 Miz
4.12 Slow Data Rate
4.12.5 _ v~ Check
4.12.6 v~ Check
4.12.7 & Check
4.12.8 Check
4.12.9 ‘“éfi~ﬂd(lwo(~k
4.12.10 _~~ __Check
4.12.11 v~ Check
4.12.12 - Chock
4.13 Spherical Mode Check
: 4.]3.4 5 ._:f- Check
4.13.5 R (honk
4.13.6 _ki;w(hock
4.13.7 L~ Chock :
4.13.8 7 Check
1.13.9 s Check
4.13.10  — —Fheck
A

~
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DATE mmmieee

ROULEER.COONANG Rivt? CODE IDENT NO 13993 SHEET REV
Data Sheet 8
4.13.11 v Check
4.13.12 __~~ Check
4.13.13 7 Check
4.13.14 " Check
1.13.15 v Check
4.13.16 __~ Check
4.13.17  ~  Check
4.13.18 Y Check
4.13.19 _~~ Check
4.13.20 _:::Tﬁhock
4.13.21  «__ Check
4.13.22 _ - Check
4.13.23 > Check
4.13.24 v Check .
4.13.25 = Check
4.13.26 ~— Check
4.13.27 _ ~  Check
4,13.28 & Check
4.13.29 __— Check
4;13.30 7 Check
4.13.31 7 Check '
1.13.32 ¥ Check
4.13.33 . Check
4.15% S&u L Check .
1.1335 Y Check

~ Check

BR-488
t~7%
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7 7/4 ©an Bromers Hesearch Corporation boc wo 32929 . W
o] SUBSINIARY OF BALL CORPORATION e . -
BOULDER COLORADO 801302 CODE IDENT NO 13993 SHEET . 62 L ’/
Data Shcet 9 3
=
{
2 183 ?
$
2v/cem DWG J
2v/cm Burst
Clock .}
2v/cm Shift
Pulses
1Ops/cm 2 -
\ VAL \ \ \__.
b
«
4.14.6
Iv/cm LLoad
Pulsc
Sps/cm
2 - ?
ORIGINAE PAGE 1§
OF POOR QUALITY|
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CODE IDENT NO 13993 SHEET _6.;’ eoeee REV e

r\ : Data Sheet 10

= 1
SRR R
lv/cm Sun
SiIt
#1
Sms/cm
1
»
T
1.14.14
lv/cm Sun
S1it
#2
Sms/cm

st R RO
|
it

BR-4

!

i

m— s sz enn R T S
g e I N LT




ks

109459
a[:g Ball Brothers Research Corporation poC e
ﬁ FIRCMNASLE £3F BgAL L 0 000 g T3y DATE
. BOUN DO e 0.0, FRR1 ) By 107 CODE IDENT NO 13993 04 REV
55 Data Sheet 11
A
|_' -
§. 14517
2v/cm
10v
= Sun
20ms/cm Pulse
|
| == -—
:’ q
4. 1821
2v/cm Sun
S Eit
Analog
Sv/cm
10ms/cm Sun
Siit
% v —
g ORIGINAL PAGE §
e OF POOR QUALITY
| ]
L :- A BR-488
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: 0 VY Babaiiid b d bt d NGIGUl LI WUl pUTauull DOC NO 49959
w-‘ SURTSIMARY OF BALY CORPORATION DATE =4 |
PVOUN DF 31 € O ORI B 302 CODE IDENT NO 13993 SHEET REV /

Bata Sheceot 12

218,42 Sun Slit Amplitude

vpk - _z‘g‘Qﬂ_“volts Reference only
Vpk 2l E,S volts Reference only
E aEEE s s ey
4.14.23 Sun Slit Failure Edgc :
!
e i i Requirement: \|;k + 0.5V :

4.14.24 Minimum Threshold 'hoto

2v/cm
Sin=51it
Analog
S5v/cm 2
4-’
b
¢
Sms/cm Sun
51it

4. 1425 Minimum Threshold Mcasurement

ey s e SRR S lcquirement gien 0.5

AGE
AT
O P00k QUALI™Y

* g BR-488
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Daic

sueet 66

2 ALY

4.14,

€ ODE
Nata Sheet
28 Motor Drive Pulscs
20v/cm
Sms/cm
3 ®A Current Photograph
100mA/cm 2

10v/cm

~bms/cn

13

dA

»B

oC

D

T 0A motor
current

®A mctor
voltage

BR-48
1~ 78
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a 277 Dot Vg nesedionl bUprfﬂllOn DOC NO 10050
W SURISITVMARY O AL o oAt DATE g
2 ‘ BOUN DI CONORADE By CODE IDENT NO 13993 S 67 ST
Data Sheet 14
< 1435 A Current Measurcment
Measurement Pequirement

4 4 O,M mA 300 mA max cxcluding spikes 8
Y
§.14.37 ®B Current PPhotograph |
4
100mA/cm $A motor ;

voltage

10v/cm
6ms/cm R motor
current
m i
|
———y
4.14.38 dB Current Measurement
Mcasurcment Pequirement
7_‘1‘9 mA 300 mA max cxcluding spikes

ORIGINAD PAGE IS
OF POOR QUALITY
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§

ww

DATE o’
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SHEET .68 ... REV e

40157

Tilt
Angle

I T

Peak
Amplitude at 1/2 PK Amp
. (degrees) (volts)

Data Shecet 15

LI 4

TRV R

(1)
-Az Angle

(degrees)

p=

+1.00 "+

0.75

[N

"o, 50 "

/12g '-‘70°

0.25

435

- 7‘75

0.0

6.05

~4qp°

-0.25

3,50

_‘7g°

-0.50

-0.75

-1.00

[.25 - F9°

-~

B R P et
B ! A ReES

(2)
+Az Angle

i
t

b

at 1/2 PK Amp

(degrees)

—

+ de°

+ 90°

+ G0°

A 1’

+ 83°

The sun sensor field of view (Column 1 - Column
“"azis'shall be 180° + 12° at”50% of'the peak anmplitude:
samplitude -tilt angle.

e st

in

' I ]
ol dasedie

the azimuth
at'thefpeakT“WiL

**VTrdnstfibé“xhé*Ziaxis”fabléfééttipgs'and'¢omp1étaiﬁé”folloWing'

P B

‘3

3
+ ’.-
$e 0.2‘1‘
table."
b
t )
! o
F""“ :—'hn:-
T e
1

v Check:""

v

' < 1r‘ww]».-"-[ H!f{m‘.{v&jﬂt&w
- .
4
'
-k b - SR 23
J : { T ‘{‘
* 3 e,
' 1
. 3 ,
1 .
at
¥ v
¥ ,
-4
y
Aoy
v
!
’ |
t ' ! t ‘
vt L ¢ ‘ i 's'b:.i‘
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- DOC [
W SUBSIDIARY DF BALL CORPORATION D‘AT E
‘ BOULDER. COLORADO 86302 CODE IDENT NO 13993 SHEET .09 __ REV

Data Sheet 16
4.15.8 10, ; !

PRRTE . , o

!
' .

Transcribe the - 2-axis table settings and.compléte'the following tablew..

Azimu Spate Covrected (1) (2)

Azimuth Peak -Tilt Angle +Tilt Angle

Angle ; Amplitude at 1/2 PX Amp at 1/2 PK Amp '~ £,y

'(degrees) (volts) (degrees) {degrees) o

—9§ -25° 4,5 - = —0.3%° et = _ 9,27° 0,68

| 4s oA L 0 A T+ S VS

0 9,14 E- = -0.37° E+ = _ .04__._.___300 gl 67

+4S g.?ﬂ —-0&380 - 0'370 0‘("5 .
90+ 35° 8,45 n- = _—p.35° nt = 0,32° 0.6

P

in the elevation |

‘'The sun sensor field of view (lcolumn 1 -« column 2}) i‘

oS olad
s\ Mff R
’4‘%ﬁeck ;

The tilt angle, p of the sun slit is defined as the angle between the
Z-axis and the line formed by the intersection of the sun slit FOV plane
rand the plane containing the Y and Z axis. p is more positive as it 3

rotates from the +Z axis toward the +Y axis. . et

Calculate the sun slit tilt angle (p in Figure 13) using the following ;.
"equation: . 1ﬁ
po= (B- ¥ E4) | ¥
' 2 Requirement }

- - ) . . . ,I.
= _—0.035 0.0 + 2.0° | . R
ode

The rotation angle, ¢, of the sun slit is defined as the angle between:
,the X-axis and the intersection of the sun slit FOV plane and the plane
conta1n1ng the X and Y axis. ¢ is more positive as it rotates from the
+X axig¢ toward the -Y axis. ,

"“Calculate the sun slit rotation angle (w in Figure 13) using the £ol- -
,lowing equation:

o= G€++,e:-zn-+n+)

Requirement
0.0 + 2.0°

i
=
-
-
—
:

= 0.0 °‘

Fw\\\\'vu\ G(&a\g -tﬁr-‘ PO-U:\\. OH S@t '»RQ'FQV@V\Q-Q Ov\lt,h

BR-488
f=7%
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Data Shcet 17

4.16.7 ‘ | i

W
) Transcribe the 2-axis table settings and complete:the
following table and calculate the Azimuth Field of View o
(FOV = | column 4 - column 3|). -
Scanner Reference Negative Positive Azimuth Require-
Encoded Angle Azimuth Angle Azimuth Angle TFQV¥ ment ;
Position o 1/2 Pk. Amp. 1/2 Pk. Amp. . o
000 0°(x-axis) oy = 041° o, = 034l  Jo,-a;[=0.630 0.71+05°
128 90° By = _0.154° By = 082 |B,-B;|=0708 0.71+05°
256 180° Y] = _0.089 Y, = 2353  |v,-v;|=_0.683 0.71+05°
384 270° (y-axis) &, = _0.0Go 8, = ot [8,-8;|=_0702 0.71+05°)
| 4
* The scanner Field of View shall be 0.71°+0.05° at 50% of the peak |
amplitude. ' |
° Calculate the Zero Scan Angle Error using the following ]
I

equation:

Error = |ozta, | |
2 Requirement ;
: o sequirement |

Error = 0,451 0°+ 0.7°

° Calculate the scanner nosition accuracy according to the
cquations bhelow:

lincoder Roforohcc ;
Position _Angle B | ivror = Regnirement
128 90?‘ (o *+ oy = By = 82)/2 = -0.057 ° +#0.1° - ;i
! | | 3
1256 180° (@) + a, = v, = y,)/2 = +0.03% ¢ £0.1° 1
| 384 L 270° e va, - 6= 6,02 = 40034 ° £ 0.1° l
o
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4,16.9
. Transcribe the Z-axis table readings to the following table
a d ¢calculate the Elevation Tield of View (FOV= colum 4-
column 3 ).

Positive Elevation Require

peak amplitude.

. Caleulate the tilt angle (¢
scanner optical axis with
surface using the following

respect

Encoded Angle Elevation BElevation FOvV* ment
Position Angle Angle

1/2 Pk. amp 1/2 Pk.amp
000 0° (x-axis) o _=-0067 = 0o, = 0.550 lo, ~a = o111 0.71£05°
128- 90° R = ~0:11%33 8+=~94§§}“[R+-R_|=“2;g@7w 0.71+05°
2506 180° Y = —03%  y,= 0550 |y, -y [= 0.633 0, 71105°
384 270° (y-axis) §_= -p,150 5+=Mfﬁﬁiznl5+"d_‘znékfgéhv 0.71£05°
*The scanner ficld of view shall bhe 0.71° + 0.05° at 50% of the

in Figure 13) of the plane of the
to the plance of the mounting

squation.

wheres o= tan (g, +a ) /?

pomotan (R k) /2
y = tan (y,*+v_)/2
& = tan (8,6 )/2
o= 0004 7
. Caleulate the direction

to the rero
cquation:

reference anple

-1 (6-8)

Q=tan (Y u)

oo My

of 1axinm

$= tan <|\//2+6 +y *6 —Zay 288 |j>

Reqguirement
0o+ 200

tilt response with respect

(0 in Fipure 13) nsing the following
; 5 h 7

.0 Om(‘w;ﬂ.Q(°+ Ko N .
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%(\ ° Calculate the cone angle (average deviation from a plane) using
e the following equation:
“b - (a_+u++8-+8++y_+y++5_+6+\)
3
o= 0,149 ° | Requirement
N° + 2.0°
) Calculate the maximum error using the‘following equation:
error = |¢] +|d]| = 0,207 ° 7 Requirement a
0° + 2.0°
4.17.7 RBacklash Test
"Measurcd Requirement
0.20 M’h 1!2‘)‘)(,
‘ O-,g © <0.'g’2£‘ vf"”
f ’
’h FRTREY Stzwmner Wip -Ow Potwd <
- V\/\mwsVe& ‘szcggmv\ Meansved VAM.\‘
q,049% NE : 2.94971 vV,
o

(f%}‘

'f

| l’ o L b [

04»\\ SP4te woon \"Mk* 400%s

0.4%0
' Requarewmend
= 4103 BquVE Me
: % 5670 \}'ﬂ 200)0
4 W\ Sesunev T\rip—OH Pownt
| s seved Tap:-04t Wessuved  Varle
_ %088 v 3471
To g aprce woen = Vivip-off — Vo x 1607 .
- 0.4%0 <
Reguivewenl
= .__._9_:}"«. — '70 . : gg]a +° Zoafla

BR-488
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v 49959
74 Ball Brothers Research Corporation DOC NO o~ "
: .’ SUBSIDIARY OF BALL CORPORATION ' DATE S
BOULDER. COLORADO 80302 CODE IDENT NO 13993 SHEET __68.... REV
? 4
, o” g‘.
4?‘0 V.""\qb
- PR Data Sheet 15
4.15.7

Transcribe the 2Z-axis table settings and complete the following table.

| (1) (2)
| Tilt Peak -Az Angle +Az Angle
% Angle Amplitude at 1/2 PK Amp at 1/2 PK Amp
(degrees) (volts) (degrees) (degrees)
+1.00 — e e
AT B B = —
E ; 0.50 20 — Q90 gy
' ' 0.25 2,972 - 1L
0.0 4,2% -40° 912
-0.25 3.21 - 3¢° - q1v
-0.50 0,80 — —
-0.75 : —_— _— p—
-1.00 — — —
The sun sensor field of view (kolumn 1 - Column in the azimuth

axis shall be 180° * 12° at 50% of the peak amplitude at the peak
amplitude tilt angle.

o e Check
> | —
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% Ball Brothers Research Corporation boc no 19959 e ]
SUBSIDIARY OF BALI CORPORATION DATE ' /
BOULDER. COLORADO 60302 CODE IDENT NO 13993 SHEET __ 69 _ rev_A
W V
%; Lty Data Sheet 16
¢
4.15.8, 10
Transcribe the 2-axis table settings and complete the following table. 1
Y

o Space Corrected (1) (2)
Azimuth Peak -Tilt Angle +Tilt Angle
Angle Amplitude at 1/2 PK Amp at 1/2 PK Amp F.0.V.
(degrees) . (volts) (degrees) (degrees) (degrees)
-85S . 831 e- = -0317 e+ = 0,333 0,450
~-45 673 -0,2%0 01333 0.63%
0 149 £~ = ~0,13% E+ = 0,333 6. 1]
+45 1,37 - 0,267 0,350 0,617
85 .54 n- = -0.3%43 n+ = ©.300 0,633

The sun sensor field of view (|column 1 - colin 2|) in the elevation
(tilt) axis shall be 0.5 + 0.1° at 50% of the peak amplitude

e ”-

¥ Check :
4
%L& ube #AZAT
The tilt angle, p of the sun slit is defined as the angle between the
Z-axis and the line formed by the intersection of the sun slit FOV plane

‘and the plane containing the Y and Z axis. p is more positive as it

rotates from the +Z axis toward the +Y axis.

Calculate the sun slit tilt angle (p in Figure 13) using the following
equation:

o= (8. + E4)
QJ12 S%r Reguirement
T 0.0 + 2.0°

The rotation angle, ¢, of the sun slit is defined as the angle between
the X-axis and the intersection of the sun slit FOV plane and the plane
containing the X and Y axis. ¢ is more positive as it rotates from the
+X axis toward the -Y axis.

Calculate the sun slit rotation angle (p in Figure 13) u51ng the fol-
lowing equation:

Y = (e, -e_+n_+n+)
, 7

“Requirement
= -0025 ° , 0.0 + 2.0°
Falling Edge Trip Point Offset o 0,38y 0 Reference Only
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DOC NO

DATE
54

Ball Brothers Research Corporation

SUBSIDIARY OF BALL CORPORATION

BOULDER, COLORADO 80302 CODE IDENT NO 13993 SHEET

REV

49959

Data Sheet 1

Paragraph numbers correspond with paragraph numbers of Test Procedure,

Performance-Panoramic Attitude Sensor, 49959,

3.2 SERIAL NUMBER
° Scanner head serial number 003
o Main Electronics serial number 002>
3.3 TEST OPERATOR |
° Signature of test operator _;:?NL&Q:ﬁYU&LQx/
° Date of start of test %tﬂ!é
° Date of end of test %IL,WC
3.4 EQUIPMENT REQUIRED

° Visicorder, Honeywell 1508, S/N ®do | , Cal.

° High Voltage Power Supply, Fluke 301C or equivalent

Due MA

—_ S/N 24%0%
° Oscilloscope with camera, Tektronix-54# or equivalent
13 S/N _C-9po > , Cal. date __ ufn)1
° Current probe, Tektronix P6042 or equivalent ,
S/N £-$2Al , Cal. date __ 1]4[1]
° DVM, H-P 44~ oT equivalent HpP3465A , S/N 0-9265 ,
Cal. date 111 e
o Current.Meter, Weston 911 or equivaient R ,
S/N B-37217 , Cal., date uhd?b
° VONM, Simpson 270 or equivalent MP24(35A ,
S/N ¢-41%0 , Cal. date _ufp[1e
° Precision power supply, H-T' 6114A or ecauivalent —
"S/N -39~ __, Cal. date _1[22]17
[ Pulse generator, Tektronix 2102 or equivalent —
S/N 092246 , Cal. date _i[s %
e X-Y Plotter, H-P 7047A or equivalent e
S/N ¢-4p47 , Cal. date _uifi4 10
o Dividing Head, 2 axis, Leitz Imperial feries 72 or
equivalent _— >, S/N B~y , Cal. date _fjzf17

‘?/??/7(
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Y4 Ball Brothers Research Corporation poc no 49959
‘ SUBSIDIARY OF BALL £.ORPORATION QATE
BOULDER. COLORADO 80302 CODE IDENT NO 13993 SHEET g8 — REV
Data Sheet 2
3.6.1 Self Check Check «
3.6.2 Test Set Supply Voltages
FUNCTION MEASUREMENT REQUIREMENT
+28v 0.t mA 0.7 + 0.07
+12v 0.t mA 0.6 + 0.06
+10v 0.4% mA 0.5 + .05
+ 8v 0.42 mA 0.8 + 0.08
+ 5v 0.50 mA. 0.5 + 0.05
- 5v 0.5% mA 0.5 + 0.05
4.1.1 Ground Continuity
Measure from
Pin to Pin Function Measurement Requirement
20 Electronics box CHASSIS GND. 0-07 Ohm <0.2 Ohms
chassis .
20 21 CHASSIS GND. 0.06 Ohm <0.2 Ohms
17 19 28v Ret. 0.4 Ohm  <0.2 Ohms
12 .13 ' SICG. CND. 0.11 Ohm <0.2 Ohnms
4.1.2 ‘'round Isolation
"Measure from
Pin to Pin Function Measurement Reguirement
20 12 SIG. GND. SioM Chm >100 k@
20 17 28v Ret. 2124 Ohm >100 k@
4.2.1 Thermistor Continuity k
Measure from
Pin to Pin Function Measurement Peauirement
‘ b 7 " n v . . . B
14 15 Ilect. Thms. 1(R,.,) _{l.el k@ 5k to 15k
33 34 Llect. Thms. 2(R_,,) _ 1.0l ko 5k to 15kQ
35 36 Scan. Thms. 1(R_,,) .12 ko 5k to 15ko
37 5 Scan. Thms. 2(R_,,) H4S ke 5k to 15k
PUERN
S %%ég Lo
13\ -~ SRy
e ) N
‘ BR-488
1-158
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j SUBSIDIARY OF BALL CORPORATION DATE =
SOULDER. COLORADO 80302 CODE IDENT NO 13993 SHEET .56 REV
1 Data Sheet 3
4.2.2 Electronics Thermistor Resistance
iR =(Retl " Rgpp)x 1008 (nmn k@ - L.ob ke)x 100% ?;
Ret1 = Do % Requirement: + 4% 5 3
: . :
4.2.3 Scanner Thermistor Resistance |
' - : ll l - ‘
AR = (Rstl Rstz]x 100% ) (ll kQ 1) kﬂ}f 100%
Rst1 , L1 ke .
i
R = 04 . . ' L
stl 0. % Requirement: + 4% i
4.2.4 Thermistor Isolation -
j
Measure from : : i
‘ Pin to Pin Function Measurement Requirement f
ib%}p‘ S 14 20 Elect. Thms. 1 S n M kQ >100kQ ﬁ@—?%
: 34 20 Elect. Thms. 2 > >100kQ I
35 20 Scan. Thms. 1 > kn >100kQ L

37 20 Scan. Thms. 2 ST 100k

4.3.3 ~Initial Turn On Check v« g
4.4.3 Idle Input Current ﬁ
Function Measurement Requirement
%%v %nput current A5 mA 50mA + 25mA
in” ’
28v input voltage‘ dﬁ.OW \4 28V + d.zsv
(E; )
4.4.4  Idle Input Power
Py = By X Ly
P =94\ V x AM.S mA
G ; ,
= _||g> mW. Reference reading only. ‘ ‘&QV
- _ MMM
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DOC NO il

DATE
SHEET 27 _ REV

4.4.6
4.4.7

4.4.11

Scanner Rotation

Running Power

Tunction

28v input current

(I;n)

28v input voltage

(E;p)

P =E. x 1.

r in in

1]

Ah%S mW

Main Electronics Power

Function

28v input current

(1)

28v input voltage

(E; )
P = IH. x 1.

€ in in

|1

~
i

o LASS mw

Power On Initialize

e Check

v Check

1}

WALV x 86 mA

21506y x 248 mA

Data Sheet 4

Measurement

155 mA

0N v

Requirement

Measurement

WA pa

2%.06 v

Requirement

Check v

Reference only

*
Reference only

<5.0 watts

Reference only

Reference only

<1.0 watts

“A0S1 + LOS1 + A0SZ2 + LOS2 + AQS3 + LO%S - 1060
1§ K iy (5 R o

OFFSET

OFFSET

#

7.0

v~ Check

. Check

6

Pequirement: + 3

f,ébq%af

-4
NG

v
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DATE
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Data Sheet 5§

4.6.1 Analog Telem Calibration
Measure from
Pin to Pin Function Measurement Requirement
D10 taovwonton  Toemv 40 Lov
%
4.7.2 Scanner Revolution Rate
Rate (R) Rate Readout = Measured Time Nominal Time
0 0 51 sec. 52 sec.
1 i L, sec. 26 sec.
2 1 1% sec. 13 sec.
3 Y 15 sec, 6.5 sec.
4.8 Invalid Data Test
4.8.1 ___/ Check
4.8.2 v Check
'4.9 CW-CCW Test
4.9.2 ~” Check
4.9.4 < Check
4.9.5 7 Check
4.9.6 ~_“ Check
4.9.7 " Check
4.10 Sector Test
4.10.2 <~ Check
4.10.3 V' Check
.4.10.4 _ v Check
4.10.5 =~ Check
4.10.6 < Check
4.10.7 | v~ Check
4.10.8 ~ __  Check 7,
14.10.9 < Check ;@sﬁqgo
4.10.10 - Check |

e e
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% Ball Brothers Research Corporation v DOC NO 49959
% SUBSIDIARY OF BALL CORPORATION DATE
BQULDER COLORADO 80302 CODE IDENT NO 13993 SHEET .59 REV
Data Sheet 6
4.10.11 __ v Check
4.10.12 v Check
4.10.13 VY Check
4.10.14 v Check
4.10.15 7 Check
4.10.16 < Check
4.10.17 -~ Check
4.10.18 _« Check
4.10.19 ¥ Check
4,.10.20 __ v Check
4.10.21 ~  Check
4.10.22 v Check
4.10.23 v Check
4.10.24_~ Check
4.10.25 Y Check
4.10.26 ¥ Check
4.10.27 v Check
4.10.28 v Check
4.10.29 ¥ Check
4.10.30 < Check
4.10.31 v Check
4.10.32 7 Check
4.10.33 ¥ Check
4.10.34 _;{;_Check
4.10.35 Y Check .
4.10.36 < Check g@V%“*
4.10.37 Y Check i

T
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| P Ball Brothers Ressarch Corpovation poc No 19959
! ‘ SUBSIDIARY OF BALL CORPORATION DATE :
j ‘ BOULDER COLORADOBOGO? CODE IDENT NO 13993 SHEET 6.0 WREV 4
! gj, Data Sheet 7
l\ m e
;? 4.11.6 Sector Check Check ¢~
‘ 4.11.7 Power Supply Variation
POWER A0S/ L0S ® @
SUPPLY DISPLAY READOUT v
26.60 + 0.26v (-4%) - -~
Z P R
28.84 + 0.28v (+2%)  « v g
28.50 + 0.28v (NOM) _ v
4.11.9 Clock Frequency Variations
: - Frequency at Failure Requirement
Upper 1%.97 MHz >12.9 MHz
Lower £ 5.0 MHz <10.0 MHz
4.12 Slow Data Rate

4.12.5 +" Check
4.12.6 .~ Check

4,12.7 v~ Check

g S A e R E L S Tk T g,
P A L

4.12.8 ./ Check

4,.12.9 v Check
4.12.10 - .~ Check

4.12.11 + - Check

4.12.12 +~ Check

4.13 Spherical Mode Check
4.13.4 " Check.

4.13.% v Check
4.13.6 " Check

4.13.7 ¢/~ Check

4.13.8 ¢+ Check

) XL
4.13.9 +~ Check | | ' u'""’\\ %
FR—— ¢ BBRe o0\
4.13.10 ~” Check

BR-488
-1
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49959
VY Ball Brothers Ressarch Corporation DOC NO o 00"
4 SUBSIDIARY OF BALI CORPORATION DATE
‘ BOULDER. COLORADO 80302 CODE IDENT Mo 13993 sueer O REV

Data Sheet 8
4.13.11 __/ Check
4.13.12 ¢~ Check
4.13.13 7 Check
4.13.14 .~ Check

4.13.15 _~~ Check .

4.13.16 . Check 1

4.13.17 ./ Check i

4.13.18 __+“ Check :

4,13.19 .~ Check f
x

4.13.20 +~ Check

4.13.21 .~ Check :
4.13.22 .~ Check &
4.13.23 7 Check | ﬂgn;
4.13.24 _~ Check :
4.13.25 o Check :
4.13.26 v/ Check | ‘5
4.13.27 __~ Check z
4.13.28 _/ Check |
4.15.29 __«~ Check
»4.13.30 v’ Check
4.13.31 o/ Check

| 4.13.32 7 Check

4.13.33 " Check
4.13.34 . Check

- 4.13.35 o~ Check |

14.13.36 /" Check | s i,

Y e o BR-488 g
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&
Data Sheet 9
‘NAI}PAGE]B
5 =3
4.14.2
2v/cm DWG
2v/cm Burst
Clock
2v/cm Shift
Pulses
10us/cm

4.14.6

Load

l1v/cm
Pulse

Sus/cm

S AR S s el st s M L0 D LI A PR AL AR AN st lid b

Y du ko
ot ¥

G i

b
=
y
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Data Sheet 10

R

4.14.11

Sun
Siit
f1

i T Sttt
RIS ORI Sttty 5 TEHI R
§

3

4.14.14

lv/cm Sun

S51it
2

Sms/cm

BRI

|
\
|
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v 49959 j
! Ball Brothers Research Corporation DOC NO -
/J»‘“ SUBSIDIARY OF BALL CORPORATION DATE : £
BOULDER COLORADO 80302 CODE IDENY NO 15993 sHEeET 04 __ REV
‘L Data Sheet 11
| |
EEE Ba
; 2v/cm
5 10v
: Sun
i
= =
»!
¢ 4.14.21
g' Zv/cm Sun
£ Siit
f: Analog
g S5v/cm
é
E 10ms/cm Sun
S5iit
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Data Sheet 12

4.18.22 Sun Slit Amplitude
vpk = 7. ¢ volts Reference only
% 3 5 ¥ 5 VoltS Reference only
g 2
4.14,23 Sun Slit Failure Edge a
s V
3.8 Volts, Requirement: "95 + 0.5V
4.14.24 Minimum Threshold Photo :
[ |
2v/cm
Sun Slit
Analog
Sv/cm
10 us (M
Sms/cm Siin
51it
|
4.14.25 Minimum Threshold Measurement
2.3 Volts, Requirement 2.2t = 0.5V
:;'3%”34
cm
'ﬁfﬁ\
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JOL-SE 5UBSIOARY OF BALL CORPORATION DATE
BOULDER COLORADO 80302 CODE IDENT NO 13993 sHEeT 80 _ Rev
Data Sheet 13
gpISIGWAL PAGH 19
A.14.28 Motor Drive Pulses POORQ”
20v/cm oA
¢B
oC
4D
Sms/cm
§.14. 53 ®A Current Photograph %‘ i
100mA/cm r—- w“1¢A motor
, . : RSN - current
10v/cm
~oms/cm $A motor
voltage
A y///}b -
£ 13\ =23 0\
LT {
l 8R-488
= L S = S e S S ——38
e 7 ‘
N : ] l 1 T i

i
1
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yosW/4 Ball Brothers Research Corporation ooc no 19959
[)ﬂl( RN LRI AT A B TV YRR T S IV 8 ST ) DATE
IR SR P CODE IDENY NO 13993 sHeeT 87 _ Rev
/
Data Sheet 14
8.14:3" $A Current Measurement
Measurement Pequirement i
280 mA 300 mA max excluding spikes 16
4.14.37 ¢B Current Photograph
100mA/cm ¢A motor '
voltage
10v/cm
6ms/cm ¢R motor
current
4.14.38 ®BR Current Measurement
Measurement Pequirement
285 mA - 300 mA max excluding spikes
(’7@"’«,
" ‘
\

e B e S e
|
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Bali Brothers Ressarch Covporation DOC NO e "
Z SUBSIDIARY OF BALL CORPORATION ' DATE ot
BOULDER. COLORADO 80302 CODE IDENT NO 13993 SHEET _68._ . REV
ﬂi; Data Sheet 15
4.15.7
Transcribe’ the 2-axis table. settings and complete the following table.
(1) (2)
Tilt Peak -Az Angle +Az Angle
Angle Amplitude at 1/2 PK Amp at 1/2 PX Amp
. (degrees) (volts) (degrees) (degrees)
+1.00 ~—m — —
| 0.75 — — —
g ' 0.50 40 -Ao0° + Qo
' 0.25 3.00V, ___=%0° +9)°
0.0 5.0y -~ 990 ° +490°
-0.25 415 ¢. ~90° +90°
-0.50 2.10V, b 1< o 1 e
-0.75 — —e —
-1.00 — p— =

The sun sensor £ield of view (fColumn 1 - Column Zb in the azimuth
azis shall be 180° * 12° at 50% of the peak amplitude at the peak
amplitude tilt angle.

v Check

pl . | .

ol y N e i

T
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%;a I4 Ball Brothers Regesrch Corporation

SUBSIDIARY OF BALL CORPORATION
BOULDER, COLORADO 80302

CODE IDENT NO 13993

Data Sheet 16

4.15.8 40

Transcribe the 2-axis table settings and comple{e the following table.

Az-imu-. Spnle Uo rretled, (1) (2)

Azimuth Peak -Tilt Angle +Tilt Angle

Angle Amplitude at 1/2 PK Amp at 1/2 PX Amp C oW

(degrees) - (volts) (degrees) {degrees) ~0.N,
-9 -1¢° 3.90V. e~ = —0,416 e+ = 0,150 YA
-45 IR _ ~0, 333 ‘ 0.29% oL3

0 a4y E- = _0, 278 E+ = 0,359 0.L%

+45 A3, . —0.342 0.767 0.6l
90 +9%° iy, n- = -0 3%3 nt o= 0.2¢7 0,65

The sun sensor field of view (|Jcolumn 1 - celumn 2|) in the elevation
(tilt) axis shall be 0.5 + 0.1° at 50% of the peak_amf%itude
W
5
Sy Check
Qie MDR £A30ZD
The tilt angle, p of the sun slit is defined as the angle between the
Z-axis and the line formed by the intersection of the sun slit FOV plane
and the plane containing the Y and Z axis. p is more positive as it
rotates from the +Z axis toward the +Y axis.

Calculate the sun slit tilt angle (p in Figure 13) using the following
equation: :

p= (E- * E4)
4 Reguirement
- o .
= 0:08% 0.0 + 2.0°

The rotation angle, ¥, of the sun slit is defined as the angle between,
the X-axis and the intersection of the sun slit FOV plane and the plane
containing the X and Y axis. ¢ is more positive as it rotates from the
+X axis toward the -Y axis. C

‘Calculate the sun slit rotation angle (w in Figure 13) using the fol-
lowing equation: ‘ ‘ '

b= feave tn_+nt)
4

Requireméht
0.0 + 2.0°

= 0045 °

Fﬁ/”l‘V\f‘ i&‘\(’, '\V{‘(’ P“T'\J\‘ 0§k sed 0% ° R@@W%C& QL‘.\»\

- 5.
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Ball Brothers Regsarch Covporation DOC NO ._._.,._____,.‘.4)959 K
SUBSIDIARY OF BALL CORPORATION DATE Y %
BOULDER. COLORADO 80302 CODE IDENT NO i3993 SHEET ,7D_ ... REV
" Data Sheet 17
4.16.7 - e
° Transcribe the Z—éxis table settings and complete the :
following table and calculate the Azimuth Field of View A
(FOV = | column 4 - column 3|). -~
Scanner Reference Negative Positive Azimuth Require-
Encoded Angle Azimuth Angle Azimuth Angle FQV*® ment
Position 1/2 Pk. Amp. 1/2 Pk. Amp.
000 0°(x-axis) oy = -O.41b Gy = 0,24 Iaz-allzo.ws 0.71+05°
128 90° By = =030 . B, = 0.8 ]sz-sllmo.u.s 0.71%05°
256 180° Y{ = =0.310 Yy = o3¢ lv,-vql=_0684 0.71+08°
384 270° (y-axis) 6, = -0.3%] §, = 0.29%  |8,-6;|= 0,84 0.71+05°

* The scanner Field of View shall be 0.71°+0.05° at 50% of the peak
amplitude.

o Calculate the Zero Scan Angle Error using the following
equation: '
Error = |azta; | |
T 2 . Requirement
Error = 0074 Oo‘t 0.70
° Calculate the scanner nosition accuracy atcording to :the
equations below: '
Incoder Reference
Position  Angle an Error Requirement :
128 90 (al *oa, Bl 82)/2 -0.03 L + 0.1 5
o i — - = D 9 ° n
256 180 (al + Ay Y1 yz)/z 7 QO4B + 0.1 g
‘ . , | = B o0 . o
384 270 (al f Gy - §l 62)/2 QDQQ + 0.1 ;

-\ . BR-488 C
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SUBSIDIARY OF BALL CORPORATION DATE ——————
BOULDER COLORADO 80302 COUE IDEMT WO 13993  SHEET /L REV
Data Sheev 18
4,16.9
° Transcribe the Z-axjs tgble readings to the followi
e > ‘ ing table
ard LdlCUTate the Elevation Field of View (FOV= colﬁmn 4-
column 3 {),
Scanner Reference Negative Positive Elevation Requirejy
Encoded Angle Elevation Elevation FOV* ment ,
Position Angle Angle ¥ 3
1/2 Pk. amp 1/2 Pk, amp .
000 0° (x-axis) a_=_0.000 a,= 068y |a,-a_|=_06%3  0.71£05°
128 90° B_= 0025 8 = 0bbl |8 -8 |=_o.612__ 0.71£05°
250 180° y = -0.042% y,= 00658 |y -y |=_o0.100 _ 0.71£05° 3
384 270° (y-axis) §_=_=-0.015 .= 0683 |6+’6-i= 0.708 0.71£05°

*The scanner field of view shall be 0.71° + 0.05° at 50% of the
pcak amplitude.

® (alculate the tilt angle (¢ in Figure 13) of the plane of the
scanner optical axis with respect to the plane of the mounting :
surface using the following equation. ﬁ%

$=tan! (yhﬁé2+BZ+Y2£52'2aY“285 | j)

where;  a = tan (a +a_ ) /2
B o= tan (B,+B_)/2
y = tan (y,+v_)/2
§ = tan (6,+68_)/2

y o= oMT ° Requirement
0° + 2.0
) Calculate the direction of maximum tilt response with respect
to the zero reference angle (A in Figure 13) using the following
cquation:
O:.‘tan‘l (6‘8) ((S"'BJ (I_QJ .900_(6"8) ’900"'1800 :

!ETETl Reference only

(Y-a) — |(6-8) (y-a)l

a-  Itb o
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- sDate Sheet }9,
® Calculate the cone angle (avaraga devmatmon from a plane) using
the following équation: ‘
b= . (m*%ﬂﬁfﬁgv-wg6“-36.4,),
0.33 it .
p = O3 13400 Regglremen:
. ' 0 g‘- 2.0
@ Calculate the maximum error using the following equation:
error = |¢]| +]@®| =o0.24 °. Requirement
: 0° + 2,0°
4.17.7 Backlash Test
Measured Requiremenﬁ -
s | 020 M
(,)I‘Og%q 0 — <G—.—6%g~ |
41613 Sezm nea Tv*l'ra ‘Ow. PU ["\/r
Weaswred \f;h;{g - O W\at\,;";wé’;& \ danke
_9.015 V., %.001 V,
970 L spnte Mmod, a VM"@“ — \I&MELX ’1{9001
0980 ?
= . R u,\/\/‘&MAPw\/\
e D b% Yo 200
$ b, 15 Seamner Tep-08f Bud
Me gsuved \/w@—oﬂ W\SLMM \]o\mh:
‘ hg.,rzl\__d\f. 3‘—0’9—‘*\[
87a \]’Cﬂ‘(’ ~OIn =~ \I&Wk
Ll space oo = A + 400 %
0.49%0
= B 5%"% ’&o%
.
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yos3/4 Ball Brothers Research Corporation poc ~°_49_9_5_9__
YOLLm SUBSIDIARY OF BALL CORPORATION DATE —_ i
BOULDER. COLORADO 80302 CODE IDENT NO 13993 SHEET _68___ REV._2
20 gy 61
e gl Data Sheet 15

4.15.7

Transcribe the 2-axis table settings and complete the following table.

(1) (2)
T EEE Peak -Az Angle +Az Angle
Angle Amplitude at 1/2 PK Amp at 1/2 PK Amp
(degrees) (volts) (degrees) (degrces)
+1.00
0.75 — — -
0.50 °.91 — 3 —
0.25 2% - 9p° +9q0
0.0 340 - 90° +90°
-0.25 2.11 - 34 —
-0.50 2.2 s S
-0.75 s —— e
-1.00
The sun sensor field of view (Eolumn 1 - Column in the azimuth

axis shall be 180° & 12° at 50

% of the peak amplitude at the peak
amplitude tilt angle.

— Check '




; v
7 Ball Brothers Research Corporation Doc mg . SPRSE
SUBSIDIARY OF BALL CORPORATION DATE
BOUL DER. COLORADO 80302 CODE IDENT NO 13993 SHEET _6.9_ REV A
. s
G w., '.‘1\ Data Sheet 16
4.15.8, 10

Transcribe the 2-axis table settings and complete the following table.

syt T

% = Space Corrected (1) (2)
£ Azimuth Peak -Tilt Angle +Tilt Angle
£ Angle Amplitude at 1/2 PK Amp at 1/2 PK Amp F.0.V.
§ (degrees) (volts) (degrees) (degrees) (degrees]
: -BS 4419 €E- = 0.3 €+ = 0.1 0,50
-45 b - 0.%%0 0.11% 0.4¢3

j 0 b2 5= 5,57 E+ = 0,%0 0417

i) +4s i.“ -0, 360 ‘ 0.J00 0.“0

: 85 441 n- = -0,3%313 n+t = 0,213 oLl

The sun sensor field of view (|column 1 - column 2|) in the elevation
(tilt) axis shall be 0.5 + 0.1° at 50% of the peak amplitude

= Check
I > See wbdr ¥4 3029 l€
: The tilt angle, p of the sun slit is defined as the angle between the
‘ Z-axis and the line formed by the intersection of the sun slit FOV plane

and the plane containing the Y and Z axis. p is more positive as it
rotates from the +Z axis toward the +Y axis.

rree pee TR

4 Calculate the sun slit tilt angle (p in Figure 13) using the following
: equation:

p= (E. *Fy

ﬂ; Requirement
' = -0009 °

0.0+« 21.0°

: The rotation angle, §, of the sun slit is defined as the angle between
i the X-axis and the intersection of the sun slit FOV plane and the plane

containing the X and Y axis. ¢ is more positive as it rotates from the
+X axis toward the -Y axis.

Calculate the sun slit rotation angle (¢ in Figure 13) using the fol-
lowing equation:

Y = Ge.~6-;n-+n+l

Requirement
= ppo% - 0.0 + 2.0°
Falling Edge Trip Point Offset 0.300 0

Reference Only
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: 19959
w4 Ball BrottnnﬂcmrchCovponﬁon BOC N
‘I‘ SUBSHBUAHY OF BALL ¢ Oibaba N DATE
BOUI DER COLORADO #0302 CODE IDENT NO 13993 SHEET 54 REV
Data Sheet 1
(L Paragraph numbers correspond with paragraph numbers of Test Procedure,
e Performance-Panoramic Attitude Sensor, 49959,
ORIGINAL PAGE 15
L SERNTAL NUMBER
- Scanner head serial number ~p¢/
e  Main [lectronics serial number (0 ¢
3 TEST OPERATOR
A F F g
S t f st A
. ignature of test operator &,(,M‘_;‘_
. Date of start of test -3 K
. Date of end ol test -5
3.4 EQUIPMENT REQUIRED
(o |
v Visicorder, Honeywell 1508, “/P‘Bég-\'—} *"r\ . Due WA ;;
K High Voltage Power Supply, TFluke 301C or equivalent :
=== S/N  @%%0%
LI o Oscilloscope with camera, Tcktronix &4% or ecuivalent
- Yy - S/N _CAga -, Lel, hite  algbe z
. Currcnt probe, Tektronix 6042 or ecuivalent - l‘- g
S/N 88 $32t , Cal. date ..-.'bb_'.'-,---..«...«-
B vy, H-1 3446 or cauivalent 346SA  , S/N C-114]
Cal. date ___(_l]_h‘l_ Sl
@ Lurreant teter, Weston- 911 oy equiviadent - .o =
SINfSS -4y _, Cal. date 4.3.77
& VOR, Simpson 270 or cquivalent //fj/,,)‘ﬂ DM M
SN (5(/254_”‘“_”, Cal. dato yojo "R =
L] Precision power supply, H-P 61147 or couivaloent — 3
S g8)9s - tal . date L $9-7 7
. Mulse penerator, Tektronix 24627 or caunivalent 2401 =
S/N aoRe -$a2C | . Cal. date  ylsfy,
- X-Y Plotter, H-P 70477 or caquivalent —x
SIN B Ye9d) s Cal date o930
O ° Dividing Head, 2 axis, Leitz Imperia! feries 72 or
& cquivalent ez | S/N BaLel  » Cal. date )49 <77
A o.' e 5
AL




)74 Ball Brothers Research Corporation poc NO 19950
’.’ COBRARY OF WAL« ORBORA TN, - DATE
g Beaac DU O OlAT Y B 30 COD‘E IDENT NO 13993 SHEET S 5 REYV .
‘- Date Bheet 2 ORIGIN 'p /
. OF p AQ
‘ » E] L]
g 3.0.1 Sell Check OOR QUALE Is Cheek v i
3.6.2 Test Set Supply Voltages
FUNCTTON MEASURTMENT REOUITREMENT ‘
S-S IO Balfene LHESL B
+28v £F_ mb 0.7 + 0.07 -y
*12v A7 Tmh 0.6 ¥ 0.06
+10v 4€ _ mA 0.5 *+ 0.05
+ 8v %3 mA 5.8 + 0.08
+ 5Sv 3o mh 0.5 4+ 0.05 i
- v ~$£2 A 5 % 0.05 .
4.1.1 Ground Continuity
N , Measure {rom
I"in to Pin Function Measurement Requirement
20 Tlectronics box CHASSIS GND. /o  Ohm <0.2 Ohms y
chassis ¢
! 20 21 CEASSTS GND. 2 O0¢  Chm <0.2 Ohms
n A 2le
i .
.? - 17 19 28v Ret. . Ohm <), 2 Ohms |
10' | % s ‘ ....-.J...Z‘w*._» @— i
o 12 13 STC. CND. s 7 Ohm <0.2 Ohwms -
4.1.2 Cround Isolation
( Bioasure from :
Pin to Pin Function Measurement  Nequirement |
g | |
i 20 12 ST, GND. > 0y O »100 ke
j L 17 28v Ret. > 10777 Ohm >100 k&
| 4.2.1 Thermistor Continuity |
Measure {rom
Pin to [in Punction Measurement  leauirement
- X ; K . . L . 3 e . ' ’, ,‘ .y
14 15 ‘J«]c_g_t o Thms. 1 (!”ctl) 1172, kA S5k fo 15k
53 34 Blect. Thms. 2(R o)/, @9 k2 - 5k to 15k Bp
3% A6 : ..‘-‘)c:m. 'l"hms. 1 (!-‘5tl ) 0.5 far Sk to 15k
35 Scan. Thms. 2(R 5) 0 /0,77 k% 5K to 15ky
R
s
i
) . - - . M g
,% — BR-488
eoransaual TN b e TR T T e T S e gRE L T ] e B A ‘{




FA 2o ‘

PY Ball Brothers Research Corporation . boc No 28959
Z - SUBSIDIARY OF BALL CORPORATION DATE
BOULDER. COLORARO Br3g2 CODE IDENT NO 13993 SHEET .56 REV
Data Sheet 3
4.2.2 Electronics Thermistor Resistance
- % © - oy 9
iR =[Retl Retz]x 100% _ (m((,fglcﬁ ﬂ,g?(wk.ﬂ}x 100%
P‘etl 72 k@
Ret1 = 27 % Requirement: + 4%
g.‘
4.2.3 Scanner Thermistor Resistance
) , ] e TQ
F_ ‘ 2 - [Rstl R.stz)’_‘ 100% i [/@,zﬁ“kn ZQ%Z_LkS}x 100%
i Rstl 20.)57KkR
Rgg1 = .37 % Requirement: + 4%
’ 4.2.4 Thermistor Isolation
Measure from
Pin to Pin Function Measurement Requirement
B | 14 20 Elect. Thkms. 1 >,p sn Kk »100KkS
. 34 20 Elect. Thms. 2 w5, o5 k@ >100k%
35 20 Scan. Thms. 1 >, e ma  KQ >100ka
: 37 20 Scan. Thms. 2 sroers K >1 00k
4.5.%  Tnitial Turn On Check &
L 4.4.3 Idle Inpfzt Current
Function Measurement Requirement
28v input current 49 _nmA SO0mA + Z5mA
| , (Iin)
28v input voltage 28,06 V 28V + 0.28Y
H;in) : ;
4.4.4 Idle Input Power
; pi - Eiﬂ x lin.
= 28,06V x 49 mA
= )375 mW. Reference reading only.
- o _ ‘ A
1*
%

. 400

ng e
AT g mins




N | | | I ,t b [

. . Y
y% Ball Brothers Research Corporation boc No 9oy
/ N 1 & B
SUbshibiatty OF B CoReaRATION D_ATE - ,
‘N“'»““'"“*“”Al"”*“v*”“ CODE IDENT NO 13993 SHEET ___9___ REV
Data Sheet 4
2 4.4.06 Scanner Rotation ORIGINAp PAGg g Check e
| OF POOR QUALITY
4.4.7 Running Power
Function Measurement >
28v input current 165 mA Reference only
(1)
28v input voltage 28,02 V Pelerence only :
(E, ) ' -
in
Pr = hin X Iin
= 28,02V x 65 nA ;
= 463 mW : Requirement <5.0 watts
4.4.11 Main lilectronics Power
Function Measurement 1
griLrnon edsuiement |
) 28v input current MWE“_Z_...M"“\ Reference only 5
el (I.m) - 1
| 28v input voltage Eﬁifﬂg,._.\’ Reference only
“":in) _
I'o - I"in X Iin

i

2B 08V x 33 mA

i

927 m¥W Requirement <1.0 watts

P
8

L
o

Fower On Initialize

4.5.3 KM(Ihcck

1.5.5 - v Check
d.56.7 AOST + LOSL + AQS82 + LOKZ + AQGS3 + L0OK3E - 1060
(\l~|f~‘,[:'l' 2 imiie m e \ o o atnn amy brl v el o iy .. e e e e e e
. (1
OFESET = - 1,33 Pegquirement: + 3
4.5.8 7 Check

(£
N
(82

.9 v/ Check
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SUIBSH AL OF A - onialRATR N DATE

o [of 00l e HATINT B iy
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Data Sheet 5
Analog Telem Calibration

Measure from

Pin to Pin Function Measurement Requirement
12 9 + 5v MONJITOU 4,189 ¥ 4.0 + 1.0V
12 10 +20v MONTTOR .09 Y 4.0 ¥ 1.0V

Scanner Revolution Rate

Rate (R) Rate Readout  Measured Time Nominal Time

0 - 52 sec. 52 scc.
1 _ /. ' 26 sec. 26 sec,
2 2 13 sec. 13 sec.
3 3 2,5 scc. 6.5 scc.

Invalid Data Test
v~ Check
wgi:~Check
CW-CCW Teét

v Check

v Check

v~ Check

v Check
v~ Check
Sector Test
_My(iChcck
_:{i;Chcck
. w{_'(‘,hcc Kk
*‘/ Check
/ Check

/ Check k

”%xfwﬂhcck

_ v Check '
" Check -
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4.10

4.10.
4,10.

4.10.

L1
12
13
14
.15
.16
L7

.18

.19

.20

4.10.25
110,20
b Lo 2

. 10.28
1. 10.29
l:]“ 30
I IR
l.10.32

.35

.30

.37

.~ Check

" Check

v//Check

~~ Check
e

_Jii_Check

Check
V( Check
.~ Check

v~ Check
v Check

~~ Check

«” Check
7 Check
 Check
«~ Check

‘u{fwﬁhcck

o~ Check
wﬁf{iChcck

Y/ Check

v Check
{/hjjhock

;/ Chech
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f - Data Sheet 7
ar 4.11.6 Sector Check ' Check _}{i; ;
4.11.7 Power Supply Variation e
POWER AQS/LOS o {f;g
SUPPLY DISPLAY READOUT A
26.60 + 0.26v (-4%) 7 _ L »
28.84 + 0.28v (+2%) e -
28.00 + 0.28v (NOM) _ L
4.11.9 Clock Frequency Variations
Frequency at Tailure Requirement
Upper 20 Miiz >12.9 Mitz
Lower <& —~ MHz <10.0 Mz
4.12 Slow Data Rate
B I 2 v~ Check
~ | 4206 v Check d%;
4.12.7 d Check

4.12.8 v Check

PUPBRARR——

4.12.9 v Check
4.12.10 -/ Check
J.12.11 v/ _Check

d4,12.12 “L/f'}nlock

AL Spherical Mode Check
1.13.4 « Check |
A 135 . Check
1.15.0 7 Check
SRLIR S v Check

e Check

§

# i
i
~
—
N
s

4.13.0 v Check -
4.13.10 v Check @&; G2asS
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ol a7 cheek
4.13.12 _+ Check
4.13.13 ____‘f___Check
4.1%3.14 v~ Check
4.13.15 _“ Check %
4.13.16 v/ Check | - -
4.13.17 v Check
4.13.18 Y Check
4.13.19 ____{___Check
4.13.20 Y7 Check
4:13.21 __x_Check )
4.13.22 v Check :
’ 4.13.25 __ v Check , Q’
4.13.24 -___uf_'“_*(’,heck
4.13.25 _Mtf__m(‘,heck
115,20 7 Check . | -
a.13.27 ¥ Check
4.13.28 v Check
11320 v Cheek :
4.15.30 7 Check é
4.13.31 ¥ Check :
415032 v Check
41535 Kﬁ:Chock
4.135.34 h”_"'_/;___.('.lu.\c Kk ;
4.15.35 v Check . | 4 i
{*x{ 41330 Check k B . k
I

T S 1
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e -
4542
Z\"/('ln DWG
Zv/em Burst
Cl ()L"A
2v/cm Shift
Pul ses
10ps/cm
= |
&)
r |
l . ’ i . O = ;\'
\f",'»:\“4\1‘-
Cae. WV¥
gdqql v/om l.oad
¥ P‘ Pulse
¢ i
1
: i
| = ORIGINAL pAGp, 1
: OR POOR QUALITY
:
\ l
% P
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L —Fd1
lv/cm Sun [
Siit 5
i 3
Sms/cm

Sun
STkt

Iv/cm

# 2

Sms/om
i
i
‘ 5 . B
| 3
! : |
5 ¥ ¢ |
PN
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A 34 17
2v/cm
1 Oy
Sun
20ms/cm Pulse
L 2
=21
2v/cm Sun
SIEE
\naloge
S5v/om
loms /om SEEt
| 11
)
O -
R
: pz €2§?’
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| &
EEE T San- 510t Ampl itade
\ % 7 volts Peference only
pk '
\ -
Nk== 7 = volts 'eference only
= =

4.14.23

- ST T PRI 451 TR
T T TR

4.14.24

R ™

TP LI T rsaes (g

e e L ORET

)
<

Sun Sl1it Failure

~ Volitrs,

Minimum Threshold

2v/cm

S5v/cem

Sms/om

Minimum

2.3¢

Threshold

Yot Es.

Fdee

\

pk

)

Reaunirement:

Photo

Measurement

Requirement AL,

05V

Sl

1
11
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20v/cm \
8 |
Sms/em
i
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Fddaao d\ Current Photograph
JidOm\/om ;'“A-.. L\ motor
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e E A Current Mcasurement
Measurement Pequirement
1585 mA 300 mA max excluding spike
FP3 EiERE B Current PPhotograph
100OmMA/cm mot ¢
voltd
10v/cm
oms/cm Y1 O
AL Frent
FEE S5, PR Current Measurcement
rcasurcment "oguiremoent
- = .
-ZFJ - mA 300 m\ max excluding spikes
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4.15.7
Transcribe the 2-axis table settings and complete the following table. ;}3
(1) (2) |
Tilt Peak -Az Angle +Az Angle -
Angle Amplitude at 1/2 PK Amp at 1/2 PK Amp
(degrees) (volts) (degrees) (degrees) ‘
Ll
+1.00 — — —_
0.75 — — —
0.50 145/ -91° +%1°
0.25 3.9, -qle +90°
0.0 &AC ., -41{°* +91°
-0.25 2.SSv, =99 a0
-0.50 — — —
-0.75 — = -

AP I A

The sun sensor field of view (EColumn 1 - Column Zb in the azimuth
azis shall be 180° & 12° at 50% of the peak amplitude at the peak |
amplitude tilt angle. ']

v Check

&
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: R
. e Data Sheet 16
5 ’ .15.8,10 W
: 4.15.8, qw&ww{
‘ Transcribe the 2-axis table settings and complete the following table. : !9
Azimu 4pate. Cowested. (1) (2)
Azimuth Peak . -Tilt Angle +Tilt Angle e
Angle Amplitude at 1/2 PK Amp at 1/2 PX Amp FoV o
| (degrees) (volts) (degrees) / (degrees) - o
| - 09 95 (0% €~ = -0,1%3° e+ = 4p,483"  0.LL]1° e
-45 Lo | = 0.1% 40,447 0.,L15° |
F | 0 1.69 E- = ~0.247° E+ = 40,3417 6.,L33° : |
+45 1,47 - 0,347 + 0,33% ©,618° ?
9695 (.11 n- = =—o0.,3672° nt o= % 0.,342° 0,007°

The sun sensor field of view (|column 1 - column 2|) in the elevation ;
(tilt) axis shall be 0.5 + 0.1° at 50% of the peak amplitude L

Check X |

The tilt anple, p of the sun slit is defined as the angle between the
Z-axis and the line formed by the intersection of the sun slit FOV plane

and the plane containing the Y and Z axis. p is more positive as it
rotates from the +Z axis toward the +Y axis.

f Calculate the sun sllt tilt angle (p in Figure 13) using the following

; equatlon
2 Requirement
- o
= .0.000 | 0.0 + 2.0°

The rotation angle, ¢, of the sun slit is defined as the angle between
the X-axis and the intersection of the sun slit FOV.plane and the plane
containing the X and Y axis. ¢ is more positive as it rotates from the
~+X axis toward the -Y axis.

Calculate the sun slit rotatlon angle (¢ in Figure 13) using the fol-
lowing equation:

Y= (-a*+s_+n_+;n+l
, 4

. Requirement
. = —om ° - | 0.0 + 2.0°
““1 Cdqe iy \"WW offsel LML Refovente 0“\“\

u _ k@&\\”ﬁlﬂyl ol
TSP Y " BR-488
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Data Sheet 17

Lincoder
Position

128

256
384

4.16.7
° Transcribe the 2-axis table settings and complete the

following table and calculate the Azimuth Field of View

(FOV = | column 4 - column 3]|).
Scanner Reference Negative Positive Azimuth Require-
Encoded Angle . Azimuth Angle Azimuth Angle FOV* ment
Position 1/2 Pk. Amp. 1/2 Pk, Amp. o
OOO OD(X"aXiS) Otl = "0:498 OL2 Lot Oof?O . IOLZ"OL:L'“ 0-6%8 0¢7l't05°
128 90° By = 0,505 B, = 0.1%6 |32—elluo.w 0.71+05°
256 180° y; = -0.530 Yo = 00085  |v,-vyl=o0&885 0.71405°
384 270° (y-axis) 8, = 0.2 §, = 0431 |8,-8;]=0.692 0.71+05°

* The scanner Field of View shall be 0.71°+0.05° at 50% of the peak
amplitude.

Calculate the Zero Scan Angle Error using the following

equation:

Error = |ogzta; |

2 +

‘e Reguirement
3 = . o v
Error 0.1 7 0%+ D.7°

Calculate the scanner nosition accuracy according to the

cquations helow:

Relerence

Angle
90° (@) + ay = By = Ba)/2
180° (o ¢+ az = Yy = Ya)/2
270° (g + 0p = 6y = 62)/2

lirror

i

it

..0.03¢

i

| 0.00L

o}

Le]

_0.062 °

Requirement
+ 0,1°

010

+ .1°

e

e@%ﬁe;

S
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]lLI.E}

. [T.nqgr1bc the Z-axis table readings to the fuliowlng t:hlv g;
a »dxuufate the Elevation T'ield of View (FOV= [colum: 4- 7
coiumn 3 1), B

Scanner Reference Negative Positive Elevation Require

Encoded Angle Elevation Elevation FOV* ment

Position Angle Angle

L L 1/2 Pk. amp 1/2 Pk.amp R |

000 0° (x-axis) o_=-0,608 a,=_o0.042 _|a -o_[=_0To0  0.71£05°

128 90° R_= -0.L33 3+’_2;929w*|3+’3-I"WQAQ3§L 0, 71£05°

250 180° y_= -~o.bo% Y,= 0.083 |v,-Y [= @692 u.71105°p 7

384 270° (y-axis) §_=_-0,%92 5+=_9.‘.LL1_ i5+ 5. 1— 0,708 0.71£05°0

*Ihe scanner field of view shall be 0.71° + 0. 05° at 50% of

peak amplitude.

) Calculuate the tilt dangle (¢

in Figure 13) ol

the

the plane ot the

scanner. optical axis with respect to the plane of the mounting
surface using the following =quation.

$ - tan™! ( h1é2+52+y2j62n2ay—256 | t)
\ A ;

o , , ORIGINAL PAGE 1§
whe vy t tan (o +n V/ " OF POOR QU UALITY|
.+ tan /2
vo=otan (Y, vy )/2
&= tan (8,48 ) /2
. Requrrement
0827 !
YR R
i
. Catvnlate the direction of vaximum (1rit response with respect
to the sora reference angle (W4 dn Fivure 15V uaaing the Potiawing
ety . i
-1 36' (§-8) (y-o) (8- 0 u .
¢ ke L 0n9 qn +1 K10 ket
e B R ISR R R O ‘
AR 1 X S

RV spss

N,
bosi.:
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54
BOULDER. COLORADO 80302 CODE IDENT NO 13993 SHEET Rev __A
Data Sheet 1 (-.,)\

Paragraph numbers correspond with paragraph numbers of Test Procedure,

Performance-Panoramic Attitude Sensor, 49959,

g
2
i
!

SERTAL NUMBER

Scanner head serial number 005"

Main Electronics serial number o 5~

AR

TEST OPERATOR ) ae
. ] ’(‘\'/,’;",’
Signaturec of test operator 106(/’145 Qawi,(_ﬂ L .Ujlw‘@
T /5
Date of start of test 1] -2 57 & .
Date of end of test /2= /- 7¢

EQUIPMENT REQUIRIED
Visicorder, Honeywell 1508, S/N ¢¢oys, Cal. Due /@

lligh Voltage Power Supply, Fluke 301C or equivalent
M. S/N _Kazpg : <y

Gscilloscopc with camera, Tektronix 547 or equivalent
7633 S/N 0919/ , Cal. date o9._ys2-77

~Current probe, Tektronix 6042 or equivalent N/ P

S/N 72543 , Cal. date §-02-727

DVM, H-I' 3440 or equivalent gyp 2445 4 , S/N g9 ¢
Cal. date ;.59 ' :

y

Current Meter, Weston 911 or cquivalent ,y/;;z ,

S/N 77299 , Cal. date /-2-99

VOM, Simpson 270 or equivalent o/ pryss5 A

S/N g9 s ) Cal. date )—] =37

P'recision power supply, H-T 6114A or ecouivalent L., a4 ,
S/N 0299, , Cal. date j_99_59

Pulse generator, Tektronix 2101.or equivalent A //n y
S/N . g394 ___, Cal. date g./0-9>

X-Y Plotter, H-P 7047A or cquivalent , /u

SYN ppg56% , Cal. date 9./p. 59

Dividinp,‘ﬂcad, 2 axis, Leitz Imperial ferics 72 or ﬂ

equivalent , MLB ' s S/IN p 2 &// » Cal. date ) /3.99

- S

P

PIFRENE FORHIES. “S e

£
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K p4 Ball Brothers Research Corporation poc No 49959
\\ ’. SUBSIOIARY OF BALL GORPORATION DATE
| BOULDER. COLORADO 80302 CODE IDENT NO 13993 SHEET 5. REV
‘ (%! R Data Sheet 2
e .
K 3.6.1 Self Check eheck 7
]
| 3.6.2 Test Set Supply Voltages
% FUNCTTON MEASURTMENT REOUTREMENT
|
| 2
] +28v 63 _MmA 0.7 + 0.07
i +12v O MM 0.6 + 0.006 4
| +10v 5 _mA 0.5 ¥ 0.05 .
3 + 8v g2 mA 0.8 + 0.08
§ + Sv s¢__mh 0.5 + 0.05
g - 5v s  MA 0.5 + 0.05
4.1.1 Ground Continuity ?
| ‘1
- Measure {rom !
in to Tlin - Tunction Mecasurcment Reguirement 1
— ] {
20 Electronics box CHASSIS GND. .69 Ohm <0.2 Ohms §
chassis !
i
20 21 CHASSTS GND. .04 Ohm <0.2 Ohms |
~ A :
)l 7y 17 19 28v Ret. /4 Ohm <0.2 Ohms < |
| 12 13 SIC. CND. ., [ 7 Ohm <0.2 Ohms ,
4.1.2 Cround Isolation

Measure from

Min to Pin Function Measurement Peéguirement
20 12‘ STG. GND. 7/ omChm >100 k@
20 17 ‘ 28v Ret. TE??Eé{Uhm >100 k@
4.2;1 Thermistor Continuity
iMcasurc from :
‘ 'in to Pin Function ~ Measurement Peauirement
B 14 15 Jlect. Thms. 1(R_.y) /0.8472%2 5k to 15k@
| 33 34 Llect. Thms. 2(R_ . ,) /o.§43 k@ Sk to 15k@
| 3 36 Scan. Thms. 1(F, ) /0,975 ke S5k to 15ke
% : 37 5 - Scan. Thws. é(RstZ) 10,900 kQ S5k to 15k®
0%
ey e R i -
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Ball Brothers Research Corporation poc no . 49959 /
’. SUBSIDIARY OF BALL COHPORATION DATE
BOULDER, COLORADO 80302 CODE IDENT NO 13993 SHEET .56 REV
[ Data Sheet 3 f’%
J 4.2.2 Electronics Thermistor Resistance . .
- ; - 9 :
R =(Ret1 Retz}x 100% _ {ZQ,&éZkﬂ (Q,i¢3k9]x 100% ¥
Ret - 10,80 7%% -
= 0070 : I ‘
Ret1 %—%W Requirement: + 4% S
4.2.3 Scanner Thermistor Resistance
K - (Rstl - Rstsz 100% ) W/Z/O kQ -/o,zookﬂ)x 100%
RStl /2 2&3‘ k@
Rstl:=0,(4,% Requirement: + 4%
4.2.4 Thermistor Isolation oo
Measure from i‘ i
Pin to Pin Function Measurement Requirement
),ﬁ, l 14 20 Elect. Thms. 1 Z/0s0 K >100kq ﬁ‘
[ 34 20 Elect. Thms. 2 >, k@ >100kQ , '
35 20 Scan. Thms. 1 Sroadn K >100kQ 1
37 20 Scan. Thms. 2 /a4 6 K9 >100kQ ’
4.3.3 Initial Turn On : Check Lo
4.4.3 Idle Input Current
Function ‘ - Measurement - Requirement
§ , . 28v input current ‘ g7 5’ mA 50mA + Z5mA
| '(Iin) ‘ ' S
28v input voltage ~ 9994 V 28V + 0.28Y
(Ein) : ‘
4.4.4 Idle Input Power
Pi = Bin X Iy,
{x = ﬂxgi V. X zz j/mA ﬂ |
e = (22()mw-‘ Reference reading only. : » ’i
o |
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CODE IDENT NO 13993
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49959

v

4.4.6
4.4.7

4.4.11

Data Sheet 4

Scanner Rotation

Running Power

Function

28v 1input current

28v input voltage
(B, )

= 9500 V X (6g mA
= Yy 3Q_mw

Main Llectronics Power.

Tunction

28v input current
(1)
28v input voltage
(& )

Po=I5. x I
e in in

Il

7907V X 24 € mA
47wy

Fower On Initialize

P
c

il

Measurement

Check &

160 s 11727778

20D MA

2%02 V

Requirement

Measurement

244 m

2309V

Requirement

Reference only

Peference only

<5.0 watts

Reference only

Reference only

<1.0 watts

tCheck
(—~Check
AOS1 + LOS1 + AQS2 + LOS2 + AQS3 + LOS3Z - 1060
OFFSET = ; ‘
6
OFFSET = 33 Requireméﬁt: 3
L///aheck
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CODE IDENT NO 13993

DOC NO
DATE

49959

4.6.1

Data Shecet 5
Analog Telem Calibration

Measurc from

Pin to Pin Function

12 9 + 5v MONJTOR
12 10 +20v MONITOR

Scanner Revolution Rate

Rate (R) Rate Readout

SHEET 58 .. REV

i

Ko~

Measurement Requirement
4.230 v 4.0 + 1.0V
4./60 Y 4.0 + 1.0V

Measured Time

Nominal Time

0 O 54 sec.
1 | 20 sec.
2 2. |3 sec.
3 3 .S sec.
Invalid Data Test
, v/ Check
V' Check

CW-CCW Test
__ v Check
___\_/;__Check
__KiﬁCheck

v" Check

: v/ Check

Sector Test

v Check

v’ Check
v Check

v Check
v/—Check
IJﬁ Check

v Check
—_—
v/ Check

\/ Check

e e g
i

52 sec.
26 sec.

13 sec.
6.5 sec.

<

|

g

|

’

3

Py

RS

Y Yo
N

2

i 3
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SUBSIDIARY OF BALL CORPORATION
BOULDER, COLORADO 80302

CODE JDENT NO 13993
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499

DOC NO
DATE
SHEET .50 ___. REV

59

=

.10.11

£ & > & ~ &

S s B

.10.12
.10.13
.10.14
.10.15
.10.16
.10.17
.10.18
.10.19
.10.20
.10.21
.10.22
.10.23
.10. 24
.10.25
.10.26
.10.27
.10.28
.10.29
.10. 30
.10.31
.10.32
.10.33
.10.34
.10.35
.10.36

.10.37

v __Check
v Check

/. _Check
_~1£_Check
_~¥£wCheck
__li;pheck
__z;9Check
__!i“Check
_/__Check
v Check
_ /. Check
__v_Check
_JZ_*Check
_ v Gheck
_/ Check
;_!iﬂCheck
_V_Check
_*Zi_Chcck
.MJ[:,ChCCk
V. Check
_/ Check

__ Check

‘/ -
v/'Check

—

J/ Check

v/ Check
v Check
; V. Check

Data Sheet 6




P¥] Ball Brothers Research Corporation boc No 19959
" suusmmmt OF BAIL COIAU‘UHAII&)N DATE _
BOULDER. COLORADO 80402 CODE IDENT NO 13993 SHEET 60 REV
] Data Sheet 7 f{“
4.11.6 Sector Check Gheck +»
| 4.11.7  Power Supply Variation %
POWIIR AOS/LOS 0 |
| SUPPLY DISPLAY READOUT i
fi 26.60 + 0.26v (-4%) v / B 5
- 28.84 + 0.28v (+2%) vV v
;E | 28.00 + 0.28v (NOM) v/ Vo }
| 4.11.9 Clock Frequency Variations
Frequency at l'ailure Requirement
g Upper ___Jen/  Mlz >12.9 MHz
B Lower g~ MHz <10.0 Mz !
4.12 Slow Data Rate
’)?! 4.12.5 __\__/_TC]leck | P’\‘_
4.12.6 v/ Check {
| 4.12.7 /_Check
; 4.12.8 V' Check
4.12.9 J/ Check
% 4.12.10 / _Check
B 4.12.11 _/_ Check
| 4.12.12 4 Check
4.13 Spheficnl Mode Check
f 4.13.4 _/ Check
! 4.13.5 v/ _Check
4.13.6 / Check
4.13.7 Vv Check R .
4.13.8  _/ Check R ‘ N
4.13.9 - __ £ Check " : e ho
| 4.13.10 _\/ Check S :
N e R . ’
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W Ball Brothers Research Corporation poc wo 9959
& SUBSIDIARY OF BALTL CORPORATION DATE -
‘ BOULDER. COI ORADO 80307 / CODE IDENT NO 13993 sneet 01 REV "
Data Sheet 8 : ?
4.13.11 .~ Check
4,13.12 . Check
4.13.13 _JL;;Chcck 15
4.13.14 v Check ¥
4.13.15 _ / Check S
4.13.16 __/ Check N
4.13.17 __ v Check
4,13.18 v Check .
4.13.19 v/ Check
4.13.20 __V_’i__Check
4.13.21 _/ Check
4.13.22 __/ Check
4.13.23 / Check
4.13.24 v/ Check
4.13.25 ~_ Check
4.13.26 _,~ Check
4.13.27 ~#£L~Check
4.13.28 7 Check
4.13.29 .~ Check
4.13.30 7 Check
4.13.31 .~ Check
4.13.32 ~_ﬁ_/_i_:Check
4.13.33 7 Check
4.13.34 " Check
4.13.35 ;Ji:;Check
4.13.36 _“Z;~Check
- x&‘r.«
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.§ : Data Sheet 9 gglgolgglt PAGE m
5 QU. 4
% ALJTB
% -
g 4.14.2
E sv/cm DWG
i Sv/cm Burst
? Clock
sv/cm Shift
- e w - w- Pul SE&S
10us/cm wizdh A e 18 RETN e e
! =
> <
r :
; 4.14.6
% 1v/cm Load
: Pulse
Sus/cm
{
| = 3
i O =
:
£
‘
-3 : :




: ¥ 49959
ps /4 Ball Brothers Research Corporation 00C NO e
/)ﬂ‘L SUBSINARY OF BALI CORPORATION DAT"
BOULDER COLORADO 80302 CODE IDENT NO 13993 sHEET 03 REV
‘)
v Data Sheet 10
4.14.12
lv/cm Sun
Slit
#1
Sms/cm
(&)
» ¢
T LT
lv/cm Sun
S1it
K2
Y1 S|
o -
= ORIGINAL PAGE IS
OF POOR QUALITY!
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¥, Ball Brothers Research Corporation DOC- N0 i < o i
%jﬂ‘; GUBLMAARY OF BALL COUPORATION DATE i
HOUL DER GO ORADO 80307 CODE IDENT NO 13993 sHEeT .04 REV
a | 2
Data Sheet 11 -
\
4.14.17
2v/cm
10v
Sun
20ms/cm s
! - - ~
»
=
4,14.21
2v/cm Sun
Slat
Analog
S5v/cm
10ms/cm Sun
Siit
- ]
o .
N B
ORIGINAL PAGE IS
2 OF POOR.QUAIITﬂ

T — e
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SUBSINIARY OF BALL CORPORATON

HBOULDER COLORADO 8002

CODE IDENT NO 13993

poc No 45959
DATE

SHEET .48 REV
Data Sheet 12
4.14.22 Sun Slit Amplitnde z
Vpk - Yuils Reterence only
Vv : r :
?k = % == volts Reference only
4.14.23 Sun Slit Failure Edge
. \Y
5 Pe S
— & 4§ = Nalts: Peauirement: _[2)} v 0.5V
4.14.24 Minimum”'l‘hrcsho]d I'hoto
| |
2v/cm
Sun Slit
Analog
S5v/cm
Sms/cm Sun,
Slit
4.14.25 Minimuthhroshold Measurement S
=~ g Unlty lequirement 225 % 0.5V
o




v
'@7;; Y4 Ball Brothers Research Corporation

SUBSIDIARY OF BALL CORPOHATION
TN IS LR ERAO0 e CODE IDENT NO 13993 SHEE

DOC NO 49959

DATE
1 66 _ Rev

£ Data Sheet 13

4.14.28 Motor Drive Pulses

20v/cm
Sms/cm
| §
e
> 451435 oA Current Photograph
100mA/cm =
10v/cm
~bms/cm

Lo,

OF POOR QU

ORIGINAL PAGE IS

$A
¢B
¢C

¢D

- i

~ |¢A motor
current

A motor
voltage

ALITY

»»»»»

ER, W

R

e
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Data Sheet 14

4.14.35 A Currcnt Measurement .
Measurement Pequirement
260 mA 300 mA max excluding spikes

4.14.37 ¢B Current Photograph

-

100mA/cm A motor
valtage

10v/cm
6ms/cm ¢B motor
current

4,14.38 ¢B Current Measurcment
Mcasurement "equirement
Qggo mA 300 mA max excluding spikes
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Ball Brothers Research Corporation DOC NO 49959
’- SUBSIDIARY OF BALL CORPORATION DATE el e
BOULDER, COLORADO 80302 CODE JDENT NO 13993 SHEET _68___ REV__A
- T ~
s
Data Sheet 15
4.15.7 °
Transcribe the 2-axis table. settings and complete the following table.
(1) (2)
Tilt Pecak -Az Angle +Az Angle
Angle Amplitude at 1/2 PK Amp at 1/2 PK Amp
(degrees) (volts) (degrees) (degrees)
+1.00 —_ - —-
0.75 — — -
0.50 L6S -9\ +4|
0.25 %50 - +9
0.0 3. 30 -4 +a
-0.25 2.40 -9 432
-0.50 L3o -aj +9|
-0.75 —n — —
-1.00 — i} —~ ~
The sun scnsor field of view (Column 1 - Column d) in the azimuth
axis shall be 180° # 12° at 50% of the peak amplitude at the peak
amplitude tilt angle.
() v~ Check: L
S

S SIEOU G

I T
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‘lowing equation:

v
Ball Brothers Research Corporation boc no . 49859
g SUBSIDIARY OF BALL CORPORATION DATE
BOULDER, COLORADO 80302 CODE IDENT NO 13993 SHEET 69 v A

Data Sheet 16
4.15.8, 10

Transcribe the 2-axis table settings and complete the following table.

. Space Corrected (1) (2)
"Azimuth Peak -Tilt Angle +Tilt Angle
Angle Amplitude at 1/2 PK Amp at 1/2 PK Amp F.0.V,
(degrees) (volts) (degrees) (degrees)
-85 G.0IV. £E- = =D, %o €+ =4 p.350
-45 5,36V, -0:23%3 4+ 0,433
-0 5, 3%y, E- = -0.deo0 E+ = to,500
+45 S,30v, ~0,193 +0,%00
85 [~ VAR n- = <«0:1L3% nt = +0.:45 0

The sun sensor field of view (Icolumn 1 - column Zl) in the elevation
(tilt) axis shall be 0.5 + 0.1° at 50% of the peak amplitude

e )
~~__LSS._(Q__________Check

se WMbe ABosst

The tilt angle, p of the sun slit is defined as the angle between the

Z-axis and the line formed by the intersection of the sun slit FOV plane

and the plane containing the Y and Z axis. p is more positive as it

rotates from the +7Z axis toward the +Y axis.

Calculate the sun slit tilt angle (p in Figure 13) using the following
equation: '

p= (E- *+ ¢ ; E+) | | '@e& \(Iu.\l/ib# Olng

Requirement

gl S 0.0 + 2.0°

The rotation angle, Y, of the sun slit is defined as the angle between
the X-axis and the intersection of the sun slit FOV plane and the plane

containing the X and Y axis. ¢ is more positive as it rotates from the
+X axis toward the -Y axis.

Calculate the sun slit rotation angle (Y in Figure 13) using the fol-

Y = (eg=e_+n_+n+)
4

Requirement
= 410,054 ° ~ 0.0 + 2.0°
Falling Edge Trip Point Offset +0.500 0 Reference Only

o . B e —. e ——D

R e
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4.16.7

Data Sheet 17

[

° Transcribe the 2-axis table settings and complete the

following table and calculate the Azimuth Field of View

(FOV = | column 4 - column 3]).
Scanner Reference Negative Positive Azimuth Require-
Encoded Angle Azimuth Angle Azimuth Angle FOV¥ ment
Position 1/2 Pk. Amp. 1/2 Pk. Amp.
000 - 0°(x-axis) a; = -0.47) ¢, = 40,2271 ]az—al]=o.cqq 0.71+05°
128 90° By = —0.450 By = 40,286 [B,-By[=0/1p3 0.71+05°
256 180° Y, = —0.413 Yo = 40,0k [vy-vy[=0.b49 0.71+05°
384 270° (y-axis) 6; = -0,500 §, = *0.20)  [8,-68,|= 010l 0.71+0 3y

* The scanner Field of View shall be 0.71°+0.05° at 50% of the peak

amplitude.
. Calculate the Zero Scan Angie Error using the following
equation: ‘
Error = |azta;|
2 Requirement
EI‘TOI‘ = 01‘1’2. °. 0°+ 0.70

Calculate the scanner nosition accuracy according to the

.
éQuations below:
Lncoder Referencé
Position Angle
128 90° (ql toay - Bl - 52)/2
256 180° (0 * @y = ¥; = T5)/2
384 270° (a) + a, = &~ 62)/2

Lrror

1

i

-0.,01"
0.0p|
0. 0]

Requircmént

+

o
|+

|+

0.1°

0.1°

.1°

N..

B Eag
g
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.

Transcribe the 2~-axis table 1ead1ngs to the followirg table

a~d \dltutdtc the Elevation T'ield of View (FOV= |cclumn 4-

column 3 |),
Scanner Reference Negative Positive Elevation Require
Encoded Angle Elevation Elevation ~FOV# ment
Position Angle Angle
1/2 Pk. amp 1/2 }_’k. amp

000 0° (x-axis) o_=-0.517 a+=4@‘goo?}u+~aﬂl= 0.7117_  0.71£05°
"128 90° R_=-0.4%% B,=+0.2%3 |B,-8_|=_0, 77 __ 0.71x05°
256 180° Y_= ~0,450 Y, = 40,267 [y, -y [=_0. 717 _ 0.71£05°
384 270° (y-axis) §_= —0.53% 5§, 40.200 | g, -6 _|=_0:7%33 0.71405°

*The scanner field of view shall he 0.71° + 0.05° at 50% of the
pcak amplitude.

° Calculate the tilt angle (¢ in Figure 13) ol the plane of the
scanner optical axis with respect to the plane of the mounting
surface using the following =quation.

¢=tan"1 <|yé2+62+Y2£62*ZaY-285 'j)

whorer o= tan (o, +a ) /2

go= lan (Bo4n ) /2

Yy = tan (y,+y_)/2

6 = tan (§,+8_)/2
0 057 ° ; : Requirement
(| = : B e L LU
S 0° + 2.0
. Calculate the direction of maximum tilt responsce with respect

to the zero reference angle (A in Figure 13) using the following
cquation:

G-l 18ep)  (8-B) (yra) gqe_(8-B) . gg04ykp0 Referrnece ~vly
O=tan | yoo) }’(5-6) (y-a) ! ° 'E; BY I )
A-  30b °

- Jb
f“

[ . B N . ar
Ty

g

e
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| Ball Brothers Research Corporation 00c No 49959
SUBSIDIARY OF BALL CORPORATION DATE
BOULDER, COLORADO 80302 CODE IDENT NO 13993 SHEET ./ 2 Rev A
Data Sheet 19
@ Calculate the cone angle (average deviation from a plane) using
the following equation: »
¢ =(a_+a++B_+B++Y_+Y+<S_+6+) -
8
¢ = -p23 ° Requirement
0° + 2.0°
° Calculate the maximum error using the following equation:
error = |¢| + |o] = D,4%0 ° Requirement
' ' 0° *+ 2.0°
4.16.13  Scanner Trip-On Point
Measured V,__._
v trip-on Measured Vdark
Q090 ¥ G729 V ~
% full space moon = Vtrip-on'Ydark < 1005
0.980
= é;,\f7, % Requirement
5% to 20%
4.16.15 Scanner Trip-Off Point
Measured V,_ . - C
trip-off | Measured Vdark
De0BS N & 999 v
% full space moon = Vtrip-offdeark 5008
0.980
_ = B TE S Requirement
% to20%

4.17.7 Batklash Test

Measured Requirement

! 0,069 ° <0.2°

e
G
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{ Ball Brothers Research Corporation ooc no _49959
SUBSIDIARY OF BALL CORPORATION DR EE i
BOULDER, COL ORADO 80302 CODE IDENT NO 13993 sweer 24 REV.__A
Data Sheet 1 ~
Paragraph numbers correspond with paragraph numbers of Test Procedure,
Performance-Panoramic Attitude Sensor, 49959, .
3.2 SERIAL NUMBER
. Scanner head serial number 006
. Main Electronics serial number ppo4 s :\“\ \:
3.3 TEST OPERATOR ' \*" orY
. M AR\
. Signature of test operator 2 o P ./V‘.r‘\’
B Date of start of test 1/~29.2&
L] Date of end ol test 12-/-7¢&
3.4 EQUIPMENT RLEQUIRED
. Visicorder, Honeywell 1503, S/N s¢o/ , Cal. Due N/ 2
. lHigh Voltage Power Supply, Fluke 301C or equivalent ;
A SV %ol : o~
. Oscilloscopce with camera, Tektronix 547 or ecuivalent &
7433 S/N C972/ S Cal.-date 25,929
. Current probe, Tektronix P6042 or ecuivalent KiK. s %
S/N Cosyy -5 Cal. date €< /9.9 9

- DVM, H-I 3440 or equivalent HP3465 A s S/IN pgee e ,
Cal. date })./-277

] Current Meter, Weston 911 or equivalent

S/N fB32/2 » Cal, date 4.2.22

B VOM, Simpson 270 or equivalent HP3¢658
SN g esse- - . Cal. dato j.5-33

- Precision power supply, H-T 6114A or couivalent 7" s
St LPse . s bal. date 79399
. I'ulse penerator, Tektronix 2101 or cauivalent N/ A .
y =

SIN- ¢ 9313 Cel. dite r.op. 99 -

e X-Y Plotter, H-P 7047A or cauivalent = x/g
S/N 08 24% , Cal. date 9-/0-22

- Dividing llcad, 2 axis, Leitz Imperial Series 72 or A
equivalent M}[ﬂ y S/IN R12.6// , Cal. date ,,9.97
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Data Sheet 2

3.6.1 Self Check Check &
3.6.2 Test Set Supply Voltages
EUNCIION MEASURTMENT REOUTREMENT
+28v o L8 mA 0.7 + 0.07
+12v Dolpl MA 0.6 + 0.06
+10v 6.48 MA 0.5 + 0.05
+ 8v o. .82 DA N.8 + 0.08
+ 5v o0.85¢0 mh 0.5 + 0.05
- 5Sv 0.5 MA 0.5 + 0.05
4.1.1 ~ Ground Continuity
Measure {rom
Pin to Din Function Mecasurcement Requirement
20 LElectronics box CHASSTS GND. 04 Ohm <0).2 Ohms
chassis
20 21 CHASSTS CND. .64 _ Ohm <0.2 Ohms
17 19 28v Ret. _ Zs‘ Ohm <0.2 Ohnms
12 13 . SIG. CND. [S5_ Ohm <0.2 Ohnms
4.1.2 CGround Isolation
Measure from
Pin to Pin : Tunction ‘Measurement Neaduirement
20 12 ST6H. GND. ‘>ﬁQQQ Chw >100 k@
20 17 28v Ret. ~>/am. Ohm >100 kQ
4.2.1 Thermistor Continuity
Mcasurc [rom
Pin to Pin = Function Measurcment Peauircment
L ! . ' n . Z A - »
14 15 Hlect. Thms. 1(”etl) /0-94] k9 S5k to 15kQ
' e . 9 ) o L. . .
33 34 Llcct. Thms . L(Lctz) fa'fiz k@ . 5k to 1Sk9
35 " 30 Scan. Thms. }(F‘stl) / 9,252 ke "5k to 15kQ
37 5 Scan. Thms. Z(Rstz) /0 izﬁ? k& Sk toylSkQ

el

e
K2
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SUBSIDIARY OF BALL CORPORATION . /

DATE
BOULDER, COLORADO 80302

SHEET 56 . REV

A

CODE IDENT NO 13993

-, Data Sheet 3 (;1 4
4.2.2 Electronics Thermistor Resistance .
= =(Ret1 - Rgyp)X 100% _ (10997 k2 - jo.G9q k)x 100% ﬁ,?
Rer1 [0.94/ kS
Ret1 =7,01 % Requirement: + 4% .
4.2.3 Scanner Thermistor Resistance
AR = [Rstl - Rstz]x 100% ) (ub45?kﬁ " (892 kn}x 100%
Rst1 | (0.951kQ |
Rse1 = 0,28 % Requirement: + 4% f
, 4.2.4 Thermistor Isolation %
% Measure from :
j Pin to Pin Function Measurement Requirement -
» 14 20 Elect. Thms. 1 > /pgp ke >100kQ N}.(
! 34 20 Elect. Thms. 2 > /000 KO >100kQ
35 20 Scan. Thms. 1 S/0o0 KO >100kQ
| 37 20 Scan. Thms. 2 21600 KO >100kQ
4.3.3 Initial Turn On Check ¢
§ 4.4.3 Idle Input Gurrent .
E Function Measurement Requirement
28v input current '{:{ mA 50mA + Z5mA ‘
(Iin) ‘ !
J 28v input voltage 9¢. 2.7 Vv 28V + 0.28Y
5 (Ein) o
f 4.4.4 1dle Input Power
| | -
| Py = Byn x Lip
? ) = ngz mW. Referencé reading only.
- : i
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4.4.6 Scanner Rotation Check o —
4.4.7 Running Power
Function Measurement
28v input current 27.99 mA Reference only
(T,
28v input voltagec ) 6% \ Reference only
(E;p)
Pr - Ein X Iin
= 2799V x jLFZ mA
= y9p 9 MW Requirement <5.0 watts
4.4.11 Main [Llectronics Power
- Tunction Measurement -
28v input current | 3§ mA Reference only ¢
(Iin) , <
28v input voltage 29. 0 V Reference only
(E;,)
P = L. x L.
e in in
= 2%0%V x _ 24 mA
Pe = 9¢3 mW RNequirement <1.0 watts
4.5 FPower On Initialize
4.5.3 .~ Check
4.5.5 ¢~ Check
4.5.7 v AOSY + LOS1 + AOSZ + LOS82 + ACS3 + LOS3 - 1060
OPFFSET = : :
’ 6
! - OFFSET = 873 Pequirement: + 3
4.5.8 ¢~ Check
4.5.9 ~Check
. N . {
o |

P

L4y
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4.6.1 Analog Telem Calibration ' .

Measure from

Pin to Pin Function Measurcment Requirement

12 9 + 5v MONITOR L1995V 4.0 + 1.0V

12 10 +20v MONITOR YA 4.0 ¥ 1.0V
4,7.2 Scanner Revolution Rate

Rate (R) Rate Readout Measured Time Nominal Time

o

e 9

g

CP

R S
Fig

0 0 §2  sec. 52 sec.
1 [ 2 £ sec. 26 sec.
2 9 /.7 sec. 13 sec.
3 P 6.3~ sec. 6.5 sec.
4.8 Invalid Data Test
4.8.1 ¢~ Check
4.8.2 ¢ fheck _
4.9 CW-CCW Test t~%@
4.9.2 ___¢—"Check
4.9.4 __t—"TCheck
4.9.5 —Check
4.9.6 ¢t—Check
4.9.7 "~ ¢~"Check
4.10 Sector Test
4.10.2 «——Check
4.10.3 4.~ Check
4.10.4 e« Check
4.10.5 __¢—Check
4.10.6 _ p-Check
4.10‘.7 __+«—Theck |
4.10.8 e Check
4.10.9 __¢—"Check
X;in.io b//ﬁgéck
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4.10.11 L—€heck | | .

4.10.12 _ , —Check

4.10.13 ¢~ Check

4.10.14 ¢~ Check

4.10.15 - Check

4.10.16 _ c—~Check

. 4.10.17 4 -€heck

4.10.18 _ . —Check

4.10.19 -~ Check

4.10.20 ¢ ~Check

4.10.21 .- Check

4.10.22 - ¢~—Check -

4.10.23 ¢ -€heck

4.10.24 7 -€heck

4.10.25 __ ¢—-Citeck

4.10.26 _ gz --Check

. 4.10.27 . __.Check

4.10.28  , eheck

4.10.29 _ , —€heck

4.10.30 _ ,—Check

4.10.31 _, .-Check o N o

4.10.32 ¢~ Check = | .
4.10.33 . ~TCheck
4.10.34 _, —~Check
4.10.35 _ , —Check
4.10.36 __ ,—Theck
"4.10.,37 __t~ Check

sl
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Data Sheet 7

4.11.6 Sector Check Check ¢
4.11.7 Power Supply Variation L
- POWER AOS/10S 0 v
SUrrLy DISPLAY READOUT
26.60 + 0.26v (-4%) _ v L " 5
28.84 + 0.28v (+2%) . — -
28.00 + 0.28v (NOM) 4w e
4.11.9 Clock Frequency Variations
Preqﬁcncy at Failure Requirement f
Upper _ 14 7 Milz >12.9 MHz 3
Lower S MHz <10.0 MHz 3
4.12 Slow Data Rate ' |
4.12.5 ¢ Check e :
4.12.6 L Check & |
4.12.7 —Check ]
4.12.8 ¢ ~Check E : %
4.12.9 g _€Reck |

4.12.10 1 —~Check

4.12.11 L Check
4.12.12 __, efieck

4.13 Spherical Mode Check
4.13.4 -~ Check
4.13.5 L~ Check

.13.6 | ~Theck
4.13.7 L—Check
4.13.8 L~ Check | , | - S

4.13.9 __k£:GE§Z;/

<




v S
P29, Ball Brothers Research Corporation ooc o 49959 ¢
% SUBSIDIARY OF BALL CORPORATION DATE . ’Y
BOULDER. COLORADO 80302 CODE IDENT NO 13993 sueeT O1 __ Rev i
(\ Data Sheet 8
o 4.13.11 __ ¢£~TCheck ]

RIRERY ___¢~Check s
4.13.13 __¢~—"Check Y+
4.13.14 4 —~Theck | |
4.13.15 __, —TCheck i
4.13.16 ;- Check - {
4.13.17 ¢ Check
4.13.18 4~ Check : a
4.13.19 4 _~Check ]
4.13.20 4, —~Check §
4.13.21 ¢~ Check |
4.13.22  ¢~Check
4.13.23 _ t~TCheck <

4.13.24 éi’Cﬁ‘eck

4,13.25 ___r—~Eheck
4.13.26 t—Check
4.,13.27 L— Check

4.13.28 _, ~€kiéck
4.13.29 ) _~Check

4.13.30 .~ Check

4.13.31 ‘//—f’/(";heck
4.13.32  2—TCheck | i L
4.13.33 Check

4.13.34 L~ Theck

4.13.35  ,—~TCheck

 4.13.36 4 —Chock
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4.14.2
sv/cm DWG
gv/cm Burst
Clock
sv/cm NN (""‘"’"""""""""’" Shift
VAV Pulses
10}}5/(1]]\ --------
\
 E i
b = A
2 =
4.14.6
lv/cm Load
Pulse

Sus/cm

ORIGINAL PAGE IS
OF POOR QUALITY
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. s ] s
Yi
4.14.11 1
lv/cm Sun
Slit =
#1
sms/cm
3
| i

4.14.14

lv/cm iTnt

S1i

#2
Sms/cm
| :

O ORIGINAL PAGE, 1g
= * POOR QUALITY
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4.14.17 ‘ |
4
2v/cm ==
10v
20ms/cm Sun
Pulse
| = )
> o
= =
4,14.21
| 2v/cm Sun
S1it
Analog
Sv/cm
10ms/cm Sun
Siit
! |
( ~




1)

v
). /4 Ball Brothers Research Corporation poc No 49959
B{ZI’;L SUBSIDIARY OF BALL COHPORATION DATE
SOLLUER LOLOMADD Sata2 CODE IDENT NO 13993 SHEET A8 REV
Data Sheet 12
4.14.22 Sun Slit Amplitude =
Vpk s- &£ & yolis Reference only
" = . ==
?k - 5.?__ . gilr - ¥YOlILs Reference only
4.14.23 Sun S1lit Failure [dge
== 4 i Volts, Reauirement: vpk + 0.5V
7’)" .~
4.14.24 Minimum Threshold Photo
i
2v/cm
Sun Slit
Analog
S5v/cm
Sms/cm =
Slit

§.14.25 Minimuh Threshold Measurement

% VhIth, Requirement ¥ o &y

ORIGINAL PAGE IS
OF POOR QUALITY
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4.14.28 DMotor Drive Pulses 5
- 1S
l
20v/cm oA
B -
¢C
¢D

Sms/cm

~
» 4 4.14.33 OA Current Photograph &
100mA/cm ]@A motor
current
10v/cm
~bms/cm ¢A motor
voltage

P -
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4.148.35 ¢A Current Measurement -
Measurement PgﬂgjrcmoQL
leo_‘mA 300 mA max cxcluding spikes

4.14.37 ¢B Current Photograph

100mA/cm dA motor

vaoltage

10v/cm

$B motor

’-‘ 6ms/cm

current
> L
4.14.38 B Current Measurement
Mcasurement Requirement
26Go mA 300 mA max excluding spikes

ORIGINAL PAGE IS
OR POOR QUALITY
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TR T e

The sun sensor field of view (Column 1 - Column 4)
axis shall be 180° + 12° at 50% of the peak amplitude at the peak
amplitude tilt angle.

in the azimuth

L— Check -~ /™

4.15.7 Z

' \
Transcribe the 2-axis table. settings and complete the following table. Y{

(1) (2) : 1

Tilt Peak -Az Angle +Az Angle 4,3
Angle Amplitude at 1/2 PK Amp at 1/2 PK Amp ’ %
(degrees) (volts) (degrees) - (degrees) -
+1.00 — — — i
0.75 —_ — -
0.50 040 -1} +90 |
0.25 1.t0 —a) +41 .
0.0 31.60 -q2 +40 %
-0.25 2.45 —4) 490 |
-0.50 0.94- -4 +490
-0.75 — — -
.-1.00 — — —
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o Space Corrected (1) (2)
.Azimuth Peak -Tilt Angle +Tilt Angle
Angle Amplitude at 1/2 PK Amp at 1/2 PK Amp  F.O.V.
(degrees) (volts) (degrees) (degrees) (degrees)
’ e -733M«
-B5 4.1 €- = —0, 4L1 e+ = _+£0.2067 Ly, Ay,
. -45 6.1 ~0.1260 +0,260 0500
-0 ‘ .15 E- = —0,358 E+ = 4 0,30% 0.L67
231 )
+45 ' ___iﬂ§1~_ :i;jiln__ - . _+0.300" 03¥3- 13

(N

Data Sheet 16
4.15.8, 10

Transcribe the 2-axis table settings and complete the following table.

85 .58 n- = _-p400 n+ +0. 309 0.70%
The sun sensor field of view (|column 1 - column 2|) in the elevation
(tilt) axis shall be 0.5 + 0.1° at 50% of the peak amplitude

L2

| &9, Check
| 9& MD e #A30555,

The tilt angle, p of the sun slit is defined as the angle between the

Z-axis and the line formed‘by the intersection of the sun slit FOV plane

and the plane containing the Y and Z axis. p is more positive as it

rotates from the +Z axis toward the +Y axis.

Calculate the sun slit tilt angle (p in Figure 13) using the following

equation: :

p= (E- *+ E4) |

4 Requirement

= e -]
= =0025 0.0 + 2.0°

The rotation angle, ¢, of the sun slit is defined as the angle between
the X-axis and the intersection of the sun slit FOV plane and the plane
containing the X and Y axis. ¢ is more positive as it rotates from the
+X axis toward the -Y axis. : '

Calculate the sun slit rotation angle (¢ in Figure 13) using the fol-
lowing equation:

Y = @€+,e_+n_+n+)
' 4

Requirement
= 0,017 ° 0.0 + 2.0°

Falling Edge Trip Point Offset 0:%08 | 0 Reference Only
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270° (y-axis) 61

* The scanner Field of View shall be 0.71°+0.05° at 50% of the peak
amplitude.

Calculate the Zero Scan Angle Error using the following

equation:
Error = |azta; |

o Requirement
Error = 0.071 ° p°+ 0.7°

4.16.7
° Transcribe the 2-axis table settings and complete the
following table and calculate the Azimuth Field of View
(FOV = | column 4 - column 3}).
Scanner Reference Negative Positive Azimuth Require-
Encoded Angle Azimuth Angle Azimuth Angle FOV* ment
Position 1/2 Pk. Amp. 1/2 Pk. Amp.
000 0°(x-axis) oy = -0.276 a, = py2g le,-ayl=p.2040.71+05°
o - — .
128 90 By = =0.228 By = o430 |B,-Bil=p. 705 0.71405°
256 180° Y] = ~0.269 Yo = 2436  |Y;-vil|=p. 204 0.71+05°
384 =

~0.30/ 8§, = o.ypy 18,8 1=p.708 0.71450?’.\

<

0 Calculate the scanner nosition accuracy according to the
equations below: '
Lncoder  Reference
Position Angle Error Requircment
128 90° (ag + ay - By - By)/2 = _gppr ° +0.1°
256 180? (q1'+'a2 ;/Yl —_YZ)/Z = -po0y ° + 0.1°
o » - — ) - ] o
384 270 (al * o, §4 62)/2 0.02 ¢ + 0.1

T RER

LN
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4.16.9 ’
-

° Transcribe the 2-axis table 1ead1ngs to the following table

a-d \JLLdete the Elevation Jield of View (FOV= [celumn 4-

column 3 |).
Scanner Reference Negative Positive Elevation Requiret
Encoded Angle Elevation Elevation FOV* ment
Position Angle Angle
1/2 Pk. amp 1/2 Pk.amp
000 0° (x-axis) o_=cp 5o a,=pse lo,-a |=p 200 0.71£05°
"128 90° R_==p.L50 8,=0.147 |8,-8_|=p. 7277  0.71x05°
250 180° Y. S<p.550 Y+=Q££2~wwy+'Y'|=0-ZLZ.M 0.71+05°
384 270°(y-axis) § =~0.547 6,50.250 le,-8. 10,202  0.71£05°

*The scanner field of view shall be 0.71° + 0.05° at 50% of the
pcak amplitude.

° (Calculate the tilt angle (¢ in Figure 13) ol the plane of the
scanner optical axis with respect to the plane of the mounting
surface using the following =quation.

¢=tan-1 (|yéz+32+yz%62*2ay~235-Ti>
' ORIGINAR PAGE IS

where; no= tan (o, +o_ ) /2 OF POOR QUALITY
W= otan (B0 ) /2
y = tan (y,+y_)/2
§ = tan (§,+8_)/2

i o Requircement
T 0009 - T

o2t 0° + 2.0
° Galculate the direction of maximum tilt response with respect

to the zero referenao angle (A in I1ourc 13) unxng the {ollowing
cquation:

Jotanl (8- _ (8:B) (y-a) . 0_(6-8) . 00041500 R,
BCRAZL NN s M B - vy W AU =13 B L Referenie mnly
0:296.543 °

Y ! i { 3
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Calculate the cone angle (average deviation from a plane) using

et

T

Requirement
0° + 2.0°

Calculate the maximum error using the following equation:

°
the following equation:
¢ =((;_+a++6_+8++y-+y+6_+6+)
8
¢ =-0928 °
)
error = |¢| + |o| =p 207 °
4,16.13 Scanner Trip-On Point
Measured‘vtrip_on
G078 v
% full space moon =
= é;L(§69 %
4.16.15 Scanner Trip-Off Point
Measured Vtrip-off
é?té7f7él v
% full Space moon =
= _Jets %
Backlash Test

4.17.7

Measured

0.083 °

Requirement
0° + 2.0°

Measured Vdark

K T7F N

Vtrip-on_vdark
0.980

x 100%

Requirement
5% to 20%

Measured Vi, ..

£ T9F v

v, . -V

trlp-off dark x 100%
0.980

‘Requirement

% to20%

Requirement

<0.2°

REV_A___
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