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***IMPORTANT SAFETY NOTICE***

THERE ARE HAZARDOUS VOLTAGES PRESENT IN THE SPACE
STATION SST-282 WHEN IT IS CONNECTED TO THE AC POWER
LINE, EVEN WHEN THE POWER SWITCH IS "OFF'', DO NOT DO
ANY DISASSEMBLING, COMPONENT REMOVAL, OR PROBING

INSIDE THE UNIT WHILE IT IS PLUGGED INTO THE AC POWER LINE.
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SPACE STATION SST-282 SERVICE MANUAL

I. GENERAL DESCRIPTION OF OPERATION

The mono input signal from the external source goes through sig-
nal processing on the analog module (ANA-1), and then.to the
ADA-1 module, where it is converted to digital form. - The 11-bit
PCM code is stored in memory and recalled at later times to per-
form reverberation signal processing. There are 24 taps that
read out of memory and are reconstructed by the ADA-1 module.
The taps are then routed back to ANA-1.

The basic memory time of the SPACE STATION SST-282 is 256mS,
while the reverberation decay time brought about by feeding signals
back can be extended up to 3.5 seconds.

The sampling rate of the SPACE STATION SST-282 is 16kHz. . Tim-
ing circuits on the Mother board (MOM-1) mastermind the sequenc-
ing of operations by dividing the sampling period,. 62.5uS,. into 256
subintervals, each called a "bit time" (BT). For each BT, the tim-
ing generation circuit specifies the state of each of a number of com-
mand signals; these are called the timing signals. . They go off to
the different modules and portions of MOM-1, to insure that oper-
ations take place at the right time, and in sequence. Other circuits
on MOM-1 and on the address module (ADS-1) compute the memory
addresses for write and read.

Additional circuits on MOM-1 allow the user to set the delay time
of an echo tap, from 1 to 255mS, with a pot and its associated 8-bit
A to D converter.

II. OPERATION OF THE MODULES
II. A, The Analog Module (ANA-1)

II. A. 1. Operation of ANA-1: The input signal from the XLR Con-
nector Pins 2 and 3 comes in differential form to Ul, a differential
input op amp, with gain of 1. The signal emerging from Ul goes
through a potentiometer which provides attenuation, and then through
another gain stage (U2), which has a gain of about 4. The output of
U2 is called the "Direct Signal” and splits off and goes in two dif-
ferent directions.




One path takes the Direct signal through the Direct potentiometer
where it emerges and is fed into the output summing amplifiers
U10 and Ull. In this way, the Direct signal goes straight through
to the output of the unit, appearing in both channels as a mono
center image.

The other path of the Direct signal takes it through one portion

of Ul2, where it is subjected to a high frequency boost. The
signal is then routed through another section of Ul2 (with a gain

of 0.5), which acts as a mixing amplifier. Emerging from the
mixing amplifier, the signal goes through a low-pass filter (LPF-1
on the schematic) composed of op amps U3 and U4. This isa steep
cut-off filter with abgut 50dB attenuation in the stopband.

After coming out of the filter, the signal is given a gain of 2 by
another section of U2, and then goes through adjustable low and
high frequency equalizers. In the mixing stage (U12), a feed-
back signal either from the reverb taps or the echo tap can be
added to the Direct signal. The amount of feedback appearing

in addition to the Direct signal is controlled by the potentiometer
RV9, "Reverb/Echo Feedback'" on the front panel.

R1-15, the reverb tap feedback signal, is fed through a fixed
- equalizer, first a low frequency attenuation stage and then a high
frequency attenuation stage,

Proceeding through section A of RV9, the reverb signal, if it is
selected by the push-button switch S2, passes into R25, where it
is mixed with the Direct signal in the mixing stage Ul2, Alter-
nately, switch 2 can be set to the Echo position, where the single
tap echo will be fed into the stage Ul2 through resistor R26,

The output of U2, pin 14, becomes a signal called AIN, which
goes off to ADA-1 via J6, a ribbon connector cable. On ADA-1
the signal AIN is fed into a sample-and-hold, and then into the
analog to digital converter. The audition delay taps that are re-
constructed on ADA-1 then come back to ANA-1,

On ANA-1, each of these audition delay signals is brought, through
a capacitor, into a section of a dual potentiometer, pots RV5
through RV8. The outputs of these 4 pots are mixed in op amp
mixer U9, then fed through low-pass filters 2 and 3, identical

to LPF-1. Emerging from the low-pass filters 2 and 3, these
audition delay signals go through switch 1, the "Dry/Mixed" switch,
where, with the switch in the Mixed position, they are enabled to
pass into the output mixing stages U10 and Ul1,
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II. A. 2, Special notes for troubleshooting ANA-1: The only
really critical component in the low-pass filters is the opera-
tional amplifier. We have found the Motorola 4741 or the Exar
XR4212's to be the best types to use in these circuits. Some op
amps, such as the Texas Instruments BiFET series, will produce
high frequency oscillation. Consult the factory for replacement
parts for U3 -U8. If a frequency response problem is found, it
should be possible to isolate it, either to the input circuitry com-
mon to all the audition delay taps, or to one of the output LPF's.
Then comparisons among the three different filters should make
it easy to find a bad component. (See IV. D. Basic Troubleshooting:
Step-by-Step, point #4.) ‘ -

II. B. MOM-1: Timing Generation

The basic timing generation circuits are located in the rear center
section of MOM-1. A crystal oscillator operating at 8. 192MHz
provides the basic clock signal in the machine. This is divided

in half by U25 (a flip-flop), giving a clock signal about every 244
nanoseconds. The clock signal feeds a pair of cascaded 4-bit up
counters, LS163's, Ul6 and Ul7. The 8-bit output of this counter

-constitutes an address for the timing PROM, Ul5,.. The timing

signals shown in the timing diagram (see VI. B. ) are generated
by the outputs of the timing PROM directly. - These four signals
are passed through Ul4, which is a quad D flip-flop with enable. -
(See V. #7, Scope Photo of Crystal.)

U24 is enabled only during read operations, whereas U23 is en-
abled only during the write period of the machine. Thus, signals
E, IBS, CP, and S are only active during the period when ISH is
high, and the signals DMS, RCCK, MCCK, and MCL are active
only when ISH is low, during the read period of the overall timing
cycle.

II. C. The Analog to Digital Conversion Module (ADA-‘l)

II. C. 1. Operation of ADA-1: During BT"'s 0-49, ‘ADA-1 performs
an analog to digital conversion. It makes use of timing signals
coming from MOM-1, signals E, ISH, and IB5. - The‘analog input
signal AIN is fed into a sample-and-hold circuit, U5, which is
controlled by an inverted version of ISH. When the control signal
for U5, TISH, goes low, U5 goes into the hold mode, and a steady
output is maintained that can be used by the A to D converter. This
output signal (at pin 5) is fed through a resistor, R15, into the
comparator U6. ¢




The A to D process is controlled by an SAR, U21, on MOM-1.

After the sign bit has been determined, the next test is C2, fol-
lowed by C1, and then the 8 tests, B7 through BO. By the end of
these 11 tests, the input conversion is complete.

The pedestal or exponent value comes from DAC U3, and the
value along the chord (mantissa) comes from DAC U2, U3 is
simply used as a multiplying current source, and its current is
controlled by the resistors R6, R7, and R8. In the lowest range,
U3 is turned completely off. The current ranges that U2 spans
for each chord are determined by resistors R1 -R4, which con-
trol its reference input.

The currents from the 2 DAC's are combined and steered through
a CMOS switch, a 4053, which has one section controlled by the
sign, and another section controlled by EH. During the A to D
period discussed so far, the current is steered into U6, to perform
the A to D conversion. At the end of this period, while ISH is still
high, the converted 11-bit signal is written into memory.

Now begins a period (the remaining 195 BT's) in which 24 signals
are read from memory, fed into the same D to A converter that

~ was used for A to D, and reconstructed into analog signals, one
"'by' one. ‘

The output of U7/pin 6 is a significant test point in the SPACE
STATION. In the time sequence on U7/pin 6, you can see 24
different taps beginning when ISH is low. Looking at this signal
synchronized to the sampling time of the SPACE STATION, you'll
see 24 different slots, each with an analog signal in it (see V. #1).
This signal from U7/pin 6 is a time-multiplexed signal containing
24 different audio signals that we would like to reconstruct. They
are reconstructed with the aid of U10, Ul1l, and Ul2, which are-
demultiplexers, CMOS analog switches that will each steer the sig-
nal to one of 8 output locations., They are further demultiplexed
by the signals DMSH1 - DMSH3.

The power supply voltages for the CMOS switches are derived from
a couple of Zener diodes, D9 and D10, and associated resistors and
capacitors, from 115 volt supplies.

Another interesting test point is comparator U6/pins 2 and 3,
where, during the early portion of the frame (that is BT's 0-50),
the Ato D operation and its successive approximation steps can
be observed. At pin 3, the successive approximation operation
of negdtive input signals can be seen with a wiffle tree converging
upon the full range of negative input signal values. At pin 2, the
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wiffle tree can be seen always converging to the zero base line,
as currents are compared for the positive input signals. (See V.
#2 and #3.)

When observing sampled signals, A to D, or D to A operations,
it's important to synchronize the scope with an external trigger
signal, ISH, which is available as a test point on the Mother
board (one probe point for ISH is R14 on MOM-1). By observing
and synchronizing the scope to ISH, you can determine the portion
of the frame during which A to D and write operations are being
done (that is, when ISH is high), and the portion (when'ISH'is low)
when D to A operations are performed. It's always valuable to
use ISH as a reference and trigger during scope examination of
signals. ’

II. C. 2. Selection of pedestal DAC, U3: This DAC has the more
mundane job to perform of the 2 DAC's in the SPACE STATION,
yet it is a critical one because it is asked to operate with zero
output current when the reference is shut off. Not all DAC-08's
will do this. Factory substitutes provided will be O.K. to use in
this position. However, if it is necessary to double check this
feature in the field, here's how to do it:
a. Using the external sync input of your oscilliscope,
synchronize the scope to an audio input source of about
40Hz which is also connected to the SPACE STATION
input connector,
b. On MOM-1, place a jumper across Jumper 2. This
is a position in an 8-bit socket on MOM-1, in the right
rear center of the machine., This sets all the delay
times to zero.
c. Turn the front panel control "Reverb/Echo Feedback"
to full counter-clockwise,
d. Connect an oscilliscope to U7/pin 6 on ADA-1,
e. Increase the scope sensitivity to 1, 2, or 5 millivolts/
division, depending upon the scope, and reduce the audio
input signal until the waveform just about fills the scope
screen. The scope should be DC coupled.
You'll see a noisy step approximation of a sine wave and a faint
horizontal line crossing near the center of the scope face. If
there is a problem from the converter, U3, you'll see an extra
large step in the waveform approaching and going away from the
horizontal base line. If you have any problem, get the replace-
ment DAC from the factory.

II. D. MOM-1 Memory Circuits

By the end of the A to D conversion (U21), the successive approx-
imation register (SAR) on MOM-1 holds the nearest 11-bit code
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representing the input signal. Next, a sequence of commands by
signals CAS, RAS, R, and E will write the 11-bit code into mem-
ory (see V. #5),

Most of the memory address circuitry is found on the ADS-1 mod-

ule, but circuitry on MOM-1 provides the delay offset values,

This circuitry includes PROM U35 and related circuitry U33 and

U34. The front panel push-button switches for the "Audition De-

lay" and "Reverb" programs change addresses to the delay PROM

U35, causing timing signals RCO - RC2 to access different portions -
of the memory to recall the correct delay values. These 8-bit

delay values (DA7 - DAO) go back across MOM-1 to the rear of the

machine, and into ADS-1, where they are used to determine the

amount of delay time for each tap.

The read counter, which develops signals RCO -RCS5, is also on

MOM-1, and is part of the timing generation necessary to per -

form the address operations. This is a simple 5-bit counter,

which is reset at the end of each frame, and then counts from 0 -
to 24 binary, providing a basic address for each of the 24 taps.

These are used to address portions of the delay PROM, as al-

ready seen, and are used on the ADA-1 by each demultiplexer. N
The read counter is advanced by the clock signal, Read Counter

Clock (RCCK), which comes from the timing circuit, and is de-

tailed on the timing diagram (see VI. B.). Each clock pulse

causes the counter to increment by 1,

II. E. The Address Module (ADS-1)

II. E. 1. Operation of ADS-1: This module computes and sends one
write address and 24 read addresses to MOM-1 for use by the ran-
dom access memory (RAM). The output of ADS-1 is the signals
AEOQ - AES, a 6-bit wide multiplexed row and column address for
the RAM.

At the end of the A to D operation, while EZD is still'1, we steer
the write address through the multiplexer in two 6-bit bytes, The
write address is simply the output of the write counter, Ul3, U22,
and U23. This is a 12-bit down counter, which counts from all
ones down to all zeros, then flops into all ones and continuously
repeats.,

II. E. 2, Verifying correct modulation: Connect a low frequency
(about 50Hz) audio input signal to the SPACE STATION and adjust
it for a little below limiting, Turn the "Reverb/Echo Feedback™
potentiometer on the front panel to 0. Connect a dual trace scope
with external sync capability, and use the audio oscillator feeding
the SPACE ST ATION to also trigger the scope, so it is synchron-
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ized to the 50Hz signal. Adjust the sweep speed to 2mS/division
and adjust the vertical sensitivity of each input to about 5 volts/
division. Adjust the base lines of inputs 1 and 2 so that the two

waveforms will fit on the screen.

With the cover off the SPACE STATION and the unit facing you,
find the upper right corner of ADA-1, and locate the resistor
networks RN4 and RN5. Refer to the drawing below, showing
the reverb tap assignments to the different pads of these two
resistor networks, and the one discrete resistor. Begin by put-
ting the Channel 1 probe on R1, and the Channel 2 probe on R2.
You should have an oscilliscope display of two audio waveforms,
one drifting first to the right while the other drifts to the left,
and then visa versa. "

s e LRHSIH/3
O0O0O——000000Q00

OWo~

247¢
0000

Figure: Reverberation Tap Assignments.
ADA-1 PC Board, upper right corner,
viewed from solder side of board.

Next, you will look at 6 different pairs of signals similar to the

one that you have just seen. After Rl and R2, continue to pairs

R3 and R4, R5 and R6, etc. For each pair, there should be an
opposing drift pattern -- that is, while the upper one is drifting
right, the lower one should be drifting left. Although there will

be little interruptions, or glitches, in the waveforms, they should
drift smoothly with no major jumps. Each waveform should reach
the end of its left-to-right drift at the same time that' its companion
has drifted to the extreme of the opposite direction, and they should
change directions simultaneously. (See V. #8.)

II. F. MOM-1 Special Circuitry

II. F. 1. Computation of echo delay value: MOM-1 circuits U36,
U37, U38, U39, and U40 are used to compute the echo delay
value. ' The echo tap is a special tap fed'back to create very sim-
ple effects, from "hello, hello, hello" echoes to highly resonant
filters., What we need from this circuitry is an 8-bit word to put




on the DA lines to determine the delay time of this particular tap.
To this end, a 5-volt signal is varied by the front panel-mounted

- pot. RV1, on MOM-1, buffered by U40 and fed into the A to D con-
verter. The A to D converter comprises a comparator (U39), a
DAC (U38), and a successive approximation register (U37). These
three IC's are controlled by the clock signal CP and a negated start
pulse which comes through U35, under the control of the ES signal.
When the front panel "Echo/Delay' push-to-set button is depressed,
the start pulse is allowed through and conversion can take place.
The output of the successive approximation register is placed on
the line by a tri-state buffer, U36. The output from U36 is enabled
only when the signal EC goes low. At all other times, the delay
PROM itself, U35, is on the line. _ -

II. F. 2. Peak level indicator: Another set of circuits on MOM-1
is used for the peak level indicator. Four LED's are driven by

a 7406, which is controlled by one-shots. The 4 one-shots exa-
mine the binary value of the recently digitalized audio signal. The
limit, or zero, indicator will be on if chords C2 and C1 are both

1 (i.e., we're on the top most chord of the converter), and if quite
a number of the lower order bits are on. The -6 LED looks only
to see if chords Cl and C2 are high, The -15 LED looks similarly
to see only that chord Cl1 is high. And, for the -30 LED, we look
to see that both chords C2 and C1 are low, indicating that we are
- on the bottom chord, which covers the range of -infinity to -30dB.
The one-shots are timed,with a 47K resistor network and a 4.7uF
capacitor, so that once triggered they will stay on for 100mS,
giving a peak/hold display.

II. F. 3. Verifying performance with temporary DIP switch on
MOM-1: There is other special circuitry on the MOM-1 module
related to testing and verifying performance. An 8-pin socket
is placed on MOM-1 in the right rear center, near the crystal,
to the left of the power supply section. There is nothing in the
socket when the machine is shipped from the factory. During
test at the factory, an 8-pin DIP switch (4-SPST') may be in-.
serted into the socket for test purposes. When all 4 DIP ,
switches are open, the machine, of course, operates normally.

When Jumper 1 is closed, the modulation counter is forced to
all zeros, so that all the AB signals will be 0, This is a test
mode that disables modulation, and although the machine will
not function properly as a reverberation system, some obser-
vations will be simpler.

Jumper 2 is nicknamed ZD, for zero delay. Closing that jumper
forces zero delay on all taps by forcing the RAM address multi-
plexer.control signal EZD to 1, all the time. With EZD at 1,
the address multiplexer on ADS-1 will always steer the write
counters to the RAM's, so the write counter address which was



just used for writing will be used again for all 24 read operations
as well. This effectively isolates all the adders and all the delay
address preparation circuitry, including the modulation counter,
so that performance of the machine can be observed without any
of that circuit influencing the operations.

Jumper 3 will bypass memory altogether by forcing the signal
EMBto 1. EMB is used by a multiplexer feeding the DAC. Re-
ferring to the MOM-1 schematic on which the memory. circuitry
is shown, multiplexers U19, U20, and U22 are controlled by
signal EMB. When EMB is 1 in normal operation, that is,
during the encode period, the DAC is fed from the successive
approximation register connected to the RAM inputs. When
EMB is low, the DAC is fed from the RAM outputs, and.receives
the 24 different values of the stored signal. By forcing EMB to
1, the DAC always receives the output of U21, In this way, the
reconstructed audio signal should be identical to the value that
the A to D came up with during its conversion. Memory is not
involved at all, neither is the delay address circuitry, or the
modulation circuitry.

Jumper 2 and Jumper 3 are especially useful in debugging ques-
tionable conversion problems. If there is distortion or glitching
in a reconstructed audio waveform, and it goes away when Jum-
per 2 is closed, then we can suspect something to do with the
RAM addressing, or a bad RAM itself, If it remains when we
close Jumper 2, we can next close Jumper 3, bypassing the
memory altogether, If the problem still remains, we can be
fairly confident that it is a difficulty in conversion, either A to
D, or Dto A. If the problem goes away with both Jjumpers 2
and 3 closed, then we can suspect one or more of the 11 RAM's
or timing circuits,

The last jumper, Jumper 4, is one you will never need to use.
Jumper 4 resets all the counters in the machine by forcing the
signal INT low. This signal is forced low during turn-on, so
that the machine wakes with all the counters reset to a known
state. This is intended to aid manufacturing check-out. Of

. course, Jumper 4 must be open or the whole unit will be inop-
erative,

III. POWER SUPPLY CIRCUITRY

Refer to the MOM-1 schematic showing the power supplies.
The universal power connector is brought through a push-button
switch.on the front panel which switches:both sides of the line,
One side of the line is fused, and should have a 3/8 amp fuse




(. 375) for operations with 230 volts, and 3/4 amp (. 75) for 115-
or 100-volt operation. These are fast-blow, type 3AG, fuses.
A slide switch on the bottom of MOM-1 selects transformer
operation with the windings in series (230 volts) or in parallel
(115 volts). A special transformer, part #470-0254, is avail-
able for operation in countries whose line voltage is normally
100 volts, such as Japan. But, in fact, the regular transformer
unit will operate satisfactorily down to about 90 volts.

There are 3 regulator power supply voltages derived in the
right rear corner of the SPACE STATION, with TO-220 style
regulators heat sunk to the chassis. The 5-volt supply is in-
tended to provide a nominal 1.2 amperes, and uses a 7805 or
L.M340-5 IC voltage regulator. This is fused by a 3-amp fuse,
and the regulator is [Srotected by diodes D6 and D7, against var-
ious kinds of malfunctions that can upset regulators.

Circuitry using SCR1, R13, C69, and D8, at the output of the
regulator provides a crowbar protection circuit. In the event
of a rise in the nominal +5 volt output of this power supply, to
6. 2 volts or so, the Zener turns on and forces a current down
through R13, which turns on the SCR. This would occur, for
example, if the regulator were shorted, failed with a short
circuit, or someone dropped a screwdriver in the unit and that
connected +5 to +15, or +5 to the raw power supply voltage

~ coming out of D9 and D10, and started to force the +5 volt line
~ high. If the +5V line goes high, it will destroy TTL circuits,
so the crowbar goes into operation if the line rises above about
6 volts and provides a strong short circuit clamp between the
output of the regulator and ground. This should blow fuse F1,
and clear the condition that put the unusually high voltage on
the output; If you encounter a machine in which F1 has been
blown, proceed very carefully.

The +15 and -15 volt power supplies are straightforward 3-
terminal regulators, with the same sort of diode protection
as already discussed. The raw DC voltage for the +15 supply,
+22, is taken off separately and fed to the RAM array, where
another 3-terminal regulator derives a +12 volt supply. The
+12 volt supply is used only by the RAM's and is isolated by
this regulator to keep noise out of the rest of the machine. A
Zener diode and R15 on MOM-1 (again, near the RAM array)
derive a -5 substrate bias for the RAM array, This is a very
low current supply with heavy capacitor bypass. It's inter-
esting to note here that if the -5 supply is somehow lost, and
reverts to ground while +12 is connected, the RAM's will be
destroyed. So, be careful.
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IV. TROUBLESHOOTING
IV. A, Test and Troubleshooting Equipment

The minimum test equipment needed is a good dual-trace scope
(25MHz or, preferably, better), with an external trigger. Al-
so helpful is a low distortion audio oscillator, a distortion
analyser, and an audio volt meter. A vacuum tube volt meter,
VOM or DVM, can also be helpful. A second SPACE STATION
working normally is obviously also a valuable tool, used as a
reference, and as a source of modules to swap into the defec-
tive unit to help isolate the problem.

IV. B. Disassembling Instructions

IV, B. 1. Access to the circuitry - removing top and bottom
covers: Removal of the top and bottom covers of the SPACE
STATION is a fairly obvious procedure; simply remove the

8 screws around the perimeter of each cover. Once the covers
are removed, any circuit point in the machine can be probed,
either from the bottom of the Mother board or from the top
sides of the three other modules, which are visible from the
top view, If you need to replace an IC on the area of MOM-1
underneath ANA-1, it can generally be reached without any
further disassembly by removing ADA-1 and using an inspection
or a dentist's mirror to help see underneath ANA-1, and a
screwdriver or tweezers to pry the IC out of its socket.

IV, B. 2. Removing ANA-1: In the rare instance in which you
have to remove ANA-1, either to get at something underneath
it or to replace a passive component on the module itself, fol-
low these steps:
a. With a very thin-bladed knife, gently pry the top
covers off the nine knobs on ANA-1, These are the
colored inserts at the end of the knobs.
b. Then loosen the nuts or screws holding the knobs
in place, remove the knobs and the nuts, holding
the potentiometers to the front panel.
c. Next, find and remove the two screws that anchor
the left and right rear edges of ANA-1 to brackets
on the side of the panel. When you remove them, be
sure to get the star washer out, too.
d. Unplug the DIP cable that goes to ADA-1, and re-
move ADA-1,
e. Now unplug the 3 shielded wires coming from the
connectors that plug into ANA-1,
f. Slide ANA-1 to the rear and lift it up and out of the
machine.
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This gives you access to everything underneath and, of course,
ANA-1 is out so you can work on it.

When reinstalling ANA-1, tighten up the nuts around the 9 po-
tentiometers before installing the screws that hold the left and
right rear corners in place. This reduces possible stress on
the potentiometers..

IV. B. 3. Removing components with multiple leads: All the
modules in the SPACE STATION have plated-through holes.
When removing a component, use a vacuum solder remover to
completely remove the solder from the hole, so that the compo-
nent lead is free and wiggles loose, before trying to pull the’

lead out of the hole. .Since all the IC's are socketed, there are
very few components with multiple leads that would have to be
removed during servicing. But if you have to remove one of
the connectors, one of the potentiometers, or one of the push-
button switch sections, be very careful. Thoroughly desolder
and individually loosen each lead before trying to remove the
whole component. If you really get stuck, try to get a pair of
diagonal cutters in between the component and the top side of
the board, and cut the component free, one lead at a time. Do
anything you can to avoid damaging the board.

IV. B. 4. Procedure for removing or replacing IC's: When
replacing an IC or removing one from a socket, shut the power
off to the SPACE STATION. Failure to do so could damage the
IC itself, or another IC associated with it, or even the power
supply. Another handling precaution applies especially to the
CMOS circuits, the 4051, 4052, and 4053. These are highly
susceptible to static electric problems and should be kept in
conductive material like tin foil until use.

Also, when inserting an IC into a socket, be careful that all

pins are straight, that they engage the correct hole on the sock-
et, and that each lead seats properly. If undue force is needed
to seat the IC in the socket, you ate probably bending-a lead
over and not getting it into its hole. Use a real IC extractor to
pull IC's straight out and thus keep all the pins straight. An
inspection or dental mirror will help you sight between the IC
and socket to check for bent-over leads.

IV. C. Intermittent Problems
The most difficult problems to track down are those that are

intermittent, that appear only when the unit is cold, only when
the unit is hot, only when it is hit occasionally, or, seemingly,
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at random. You must be very patient with this kind of machine.
If you are quite sure that it has been intermittent, then get it on
the bench and try it out. If it seems to work normally, let it
cool down, try again, heat it up, try it again, hit it, bang it,
etc., until, however you manage to do it, you get the problem
to appear and remain. Once the intermittent machine is-ac-
tually operating in the failed mode, be very gentle with it so
that you keep it broken until you find the problem.

If you haven't already, carefully remove the top cover and start
probing around with the scope. It is hoped that the failure mode
that you can hear by listening to the machine will tell you some-
thing about where the problem is. As you proceed in normal
troubleshooting from this point, be very, very careful that you
don't disturb the machine into working normally again. Use the
probe very gently to look for intermittent connectors, where a
signal appears on one side of the connector and not on the other.
Look for illegal logic levels, non-normal power supply voltages,
etc.

IV. D. Basic Troubleshooting: Step-by-Step

In some ways, the SPACE STATION is a very simple machine. . :

Most of its functions are done sequentially and-independent of -
external conditions. The machine cranks through the 256 BT
timing cycle over and over again, and most of the. logic and
analog circuits operate in a manner simply determined by the
state, That is, the timing circuitry gives out a series of com-
mands which the machine follows. The only exceptions, in
which the machine interacts with itself and with data, occur
during the A to D conversion (when the successive approxi-
mation routine must use the signal from the comparator to
determine how to proceed through the conversion steps, and
during the operation of the modulation counter, already des-
cribed, on ADS-1. Those two circuits are the hardest in the
SPACE STATION to troubleshoot because they are dependent
upon previous states of the machine in a feedback manner.

What follows is an outline of the logical order in which to
proceed when troubleshooting the SPACE STATION.

IV. D. 1. Visual check: Look in the unit for things like an IC
that has come loose or fallen out. Look for something that is
charred or burned. Look for a connector, such as a ribbon
cable that has jiggled loose. Look for a piece of wire or a
solder blob lying down in the machine.-
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IV. D. 2. Power supply check: If nothing shows up visually, :
check the power supply voltages: +5, +15, -15, -5, +12 on ‘
MOM-1; +7, -8, 45 (at U21/pin 2) on ADA-1. If possible, ’

use a DC coupled oscilloscope for this check so that you

could also detect ripple, which would be the result of reg-

lator failure.

IV. D. 3. Timing signals: Start with the MOM-1, Sheet 2
schematic, and verify all the timing signals shown on ]2, J1,

and J5. If they all match the signal indicated on the master
timing diagram, then so far, so good. You have to use your
imagination on some of the signals, like DMS1 - DMS3, which
are derived from DMS, and are not shown on the master timing
diagram. It's helpful when looking at timing signals to syn-
chronize the machine externally to the ISH signal on MOM-1.
Adjust the scope's variable sweep time control so that you have
exactly one complete cycle of ISH beginning with the high por-
tion to the left of the scope screen, and the low portion to the
right. This gives you a stable reference with which to compare
the signals you see to the ones in Section V. SCOPE PHOTO-
GRAPHS. Keep your eye out for illegal logic levels, also.

This is a TTL logic based machine, with a 5-volt supply, so

the high logic levels are above 2.4 and the low logic levels are
below: 0,8 (see IV, D. 5, below). Signals that spend any ap-
preciable time in between those two states are suspect. When
tracing a signal that goes to one of the edge connectors, to
ADS-1 or ADA-1, make sure the signal passes through both
parts of the connector. One can occasionally get an intermittent
connector. ‘Probe very gently at both the male pin from MOM-1
and the female connector portion actually up on the other module.
(See V. SCOPE PHOTOGRAPHS, #4, for a view of the DMS N
signals. )

IV. D. 4. Analog signals - emphasis on LPF's : If all the power
supply voltages are O. K., and all the timing signals check out,
then it is time to dig deeper into the circuits involved by normal
signal tracing. Analog signal problems on the ANA-1 should
respond to straightforward servicing techniques. These are
basically simple op amp circuits. The low-pass, LPF-1, -2,
and -3, are alittle tricky, but there are three of them. A
useful trick with the LPF's is to temporarily get them all re-
sponding to the same input, and then to compare overall per-
formance mode voltages. To do this, remove U9 and Ul2 on
ANA-1, and simulataneously clip-lead a low-impedance audio
generator (£ 600 ohms) into the left end (facing the front panel)
of R101, R201, and R301., Power down before removing or re-
placing IC's.
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IV. D. 5. Logic signals: When troubleshooting logic signals,
finding a signal that doesn't lie in the proper logic levels (be-
low 0. 8 and then making a transition to greater than 2. 4 volts -
see IV. D. 3. above) means you may have a problem with the
logic signal source somewhere along the way, perhaps shorted
or tied to another signal, or feeding a shorted IC input. Each
signal has a source and perhaps more than one destination.
The problem can be at either source or destination. Since all
the IC's in the SPACE STATION are socketed, you can identify
each destination for a signal and remove the IC's at each des-
tination one at a time to see if the problem is due to a failed
IC input. If the IC that sources the signal is suspected, look
around to see if the same IC type is used elsewhere, and mo-
mentarily swap a cixcuit from another position into the suspect
position to see if the signal is then normal.

IV. D. 6. ADS-1 problems: First,you must determine if the
problem is likely to be on ADS-1. You can suspect ADS-1 if
the delay time values are mixed up, if the audio waveform is
subjected to skips and jumps in the audition delay taps or the
reverb taps (especially if the problem is in one of those groups
of taps, and not the other). Remember the jumpers on MOM-1,
Short the Jumper 1, to disable the modulation counter, and see
if the problem with the reverb taps disappears. If it does,

then we can suspect the modulation circuitry. If the problem is
also with audition taps, or with the audition delay taps only,
then shorting Jumper 2 or Jumper 3 can help isolate the problem
to an address computation, or to the RAM itself.

IV. D. 7. Basic tip - module swapping: If you have access to a
second, normally operating SPACE STATION SST-282, it is
sometimes helpful, if the MOM-1 circuits seem to be func-
tioning properly in the problem machine, to swap an ADS-1,
ANA-1, or ADA-1 module temporarily with the good unit. One
hopes that this will help isolate the problem to one module. In
that case, you can compare signals in the two:units to:isolate the
problem further.

1V, E. Routine Calibration

There is only one adjustment to be made in the SPACE STATION.,
A small potentiometer on ADA-1, symbol RV1 on the schematic,
is used to balance the gain of the op amp U7 for positive signals
relative to its gain for negative signals. To adjust it properly,
feed in a 400Hz tone and adjust for audio signal level just below
the limit light flashing. Be sure that the "Reverb/Echo Feed-
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back' control is turned completely down. Measure the distor-
tion of the output of one of the taps -- that is, turn up, for ex-
ample, Tap 1 and 2 "Mixer"” control on the SPACE STATION,
turning the other 4 "Mixer" control knobs all the way counter-
clockwise. Measure the distortion and listen, if possible, to
the distortion residual. Carefully turn RVI1 for a minimum
reading on the distortion meter and/or for hearing an audible
null of the 2KHz harmonic in the monitor output of the distortion
analyzer. This is a simple adjustment; just turn it for a null.
The distortion on an average responding distortion analyzer
should read between 0. 07 and 0.'1% distortion and noise. There
are no other adjustments to make in the SPACE STATION.
Things work or they don't.

I1V. F. Running Design Changes

IV. F. 1. PROM at U15 on MOM-1: In the Spring of 1978, the

timing PROM, U15 on MOM-1, was changed from revision 11/1

to 11/3. This corrected a potential for a very occasional race

condition involving the signal MCCK, which was delayed by one

BT in the Revision 11/3 PROM. There is no need to replace an

11/1 PROM with a later PROM if the machine is working nor-

mally, as virtually all of them did. Any problems were caught

at the factory. - . ' : ; -

IV. F. 2. Mounting screws on power transformer: In the Fall of
1979, we discovered a problem with screws on the power trans-
former. The two mounting screws were loosening as wax used
to impregnate the transformer softened and creeped. That prob-
lem was solved by replacing the Keps nut with a lock nut, a
splitlock washer, and two flat washers. Again, it's not neces-
sary to make a change in the field, just check to make sure that
those two screws are tight when the unit comes in.

IV. F. 3. Wiring of the output connector (XLR connector): Also

in the Fall of 1979, the wiring of the XLR connector was changed .
so that the high side of the signal appears at Pin 3, not, as in

earlier units, at Pin 2. Pin 2 is now grounded along with Pin 1

at each of the two output connectors. No change was made in -
the input wiring, although Pin 3, previously identified as the low

side, is now identified as the high side. This makes the ma-

chine uniform with the majority of users, who use Pin 3 at the ' —
high side. It also maintains the correct phase for the direct :

signal passing through the machine. (When Pin 2 is used as the

high side of the input, then the direct signal ends up out of

phase.)
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IV. D. 5. Logic signals: When troubleshooting logic signals,
finding a signal that doesn’t lie in the proper logic levels (be-
low 0. 8 and then making a transition to greater than 2, 4 volts -
see IV. D. 3. above) means you may have a problem with the
logic signal source somewhere along the way, perhaps shorted
or tied to another signal, or feeding a shorted IC input. Each
signal has a source and perhaps more than one destination.
The problem can be at either source or destination. Since all
the IC's in the SPACE STATION are socketed, you can identify
each destination for a signal and remove the IC's at each des-
tination one at a time to see if the problem is due to a failed
IC input. If the IC that sources the signal is suspected, look
around to see if the same IC type is used elsewhere, and mo-
mentarily swap a ciwvcuit from another position into the suspect
position to see if the signal is then normal.

IV. D. 6. ADS-1 problems: First,you must determine if the
problem is likely to be on ADS-1. You can suspect ADS-1 if
the delay time values are mixed up, if the audio waveform is
subjected to skips and jumps in the audition delay taps or the
reverb taps (especially if the problem is in one of those groups
of taps, and not the other). Remember the jumpers on MOM-1.
Short the Jumper 1, to disable the modulation counter, and see
if the problem with the reverb taps disappears. - If it does,

then we can suspect the modulation circuitry. If the problem is
also with audition taps, or with the audition delay taps only,
then shorting Jumper 2 or Jumper 3 can help isolate the problem
to an address computation, or to the RAM itself.

IV. D. 7. Basic tip - module swapping: If you have access to.a
second, normally operating SPACE STATION SST-282, it is
sometimes helpful, if the MOM-1 circuits seem to be func-
tioning properly in the problem machine, to swap an ADS-1,
ANA-1, or ADA-1 module temporarily with the good unit. One
hopes that this will help isolate the problem to one module. In
that case, you can compare signals in the two: units to.isolate the
problem further. v

1V, E. Routine Calibration

There is only one adjustment to be made in the SPACE STATION.
A small potentiometer on ADA-1, symbol RV1 on the schematic,
is used to balance the gain of the op amp U7 for positive signals
relative to its gain for negative signals. To adjust it properly,
feed in a 400Hz tone and adjust for audio signal level just below
the limit light flashing. Be sure that the "Reverb/Echo Feed-
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back" control is turned completely down. Measure the distor-
tion of the output of one of the taps -- that is, turn up, for ex-
ample, Tap 1 and 2 "Mixer" control on the SPACE STATION,
turning the other 4 "Mixer" control knobs all the way counter-
clockwise. Measure the distortion and listen, if possible, to
the distortion residual. Carefully turn RV1 for a minimum
reading on the distortion meter and/or for hearing an audible
null of the 2KHz harmonic in the monitor output of the distortion
analyzer. This is a simple adjustment; just turn it for a null.
The distortion on an average responding distortion analyzer
should read between 0. 07 and 0.'1% distortion and noise. There
are no other adjustments to make in the SPACE STATION.
Things work or they don't.

IV. F. Running Design Changes

IV. F. 1. PROM at Ul5 on MOM-1: In the Spring of 1978, the
timing PROM, ULS5 on MOM-1, was changed from revision 11/1
to 11/3. This corrected a potential for a very occasional race
condition involving the signal MCCK, which was delayed by one
BT in the Revision 11/3 PROM. There is no need to replace an
11/1 PROM with a later PROM if the machine is working nor-
mally, as virtually all of them did. Any problems were caught
“at the factory. = . -

IV. F. 2. Mounting screws on power transformer: In the Fall of
1979, we discovered a problem with screws on the power trans-
former. The two mounting screws were loosening as wax used
to impregnate the transformer softened and creeped. That prob-
lem was solved by replacing the Keps nut with a lock nut, a
splitlock washer, and two flat washers. Again, it's not neces-
sary to make a change in the field, just check to make sure that
those two screws are tight when the unit comes in.

IV. F. 3. Wiring of the output connector (XLR connector): Also
in the Fall of 1979, the wiring of the XLR connector was changed
so that the high side of the signal appears at Pin 3, not, as in
earlier units, at Pin 2. Pin 2 is now grounded along with Pin 1
at each of the two output connectors. No change was made in
the input wiring, although Pin 3, previously identified as the low
side, is now identified as the high side. This makes the ma-
chine uniform with the majority of users, who use Pin 3 at the
high side. It also maintains the correct phase for the direct
signal passing through the machine. (When Pin 2 is used as the
high side of the input, then the direct signal ends up out of
phase.)
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IV, F. 4. Change of op amps at U2 on ANA-1: U2 on ANA-1,
which had been a 4212 or 4741-type quad op amp, was changed
in late Spring, 1980, to a TL074 or TLO084 op amp, in response
to an observation by a reviewer from Modern Recording that
U2 could go into slew limit. This slew limit will never occur
with ordinary audio signals. It will only occur if a reviewer
subjects a unit to very high frequency, high amplitude, signals
out of the past band of the delay system. It's not a change that
needs to be done in the field unless someone is determinedly
interested in this kind of thing.

IV. F. 5. Change of PROM's at U15 and U35 on MOM-1: The
PROM's used in the SPACE STATION for U15 (the Revision 11/3
timing PROM) and for U35 (12/1 delay PROM) on MOM~-1 have -
generally been Texas Instruments 745471 types. Some units
used Monolithic Memory 6309 types. A few machines used
Texas Instruments 745472 PROM's . When the TI 748472's were
used in the U35 slot in early units, cuts had to be made to inter-
change the functions of Pins 16 and 15, so that Pin 16 was
grounded and Pin 15 was connected to the EC signal. (Later
this change was made on the MOM-1 PC artwork. ) Once the etch
cut has been made, either an S471 or an S472 part. will work in
the socket U35. Occasionally, in units built in 1979,:PROM U15
on MOM-1 was an S472 type. Again, either type will work
there.

. IV. F. 6. Possible substitution at Ull and Ul12 on ' ADS-1: An-

other substitution that has been made at times is a 745189 or
545189 scratch pad memory on ADS-1 at Ull and Ul2. The
design was based on a 7415189, but this part has been hard to
get. The various parts are completely interchangeable.

IV. G. Spare Parts

IV. G. 1. Obtaining replacement parts from the factory: ‘Most
of the components in the SPACE STATION should be obtainable
locally. In addition, some dealers, especially overseas dealers,
will have purchased spare parts kits from URSA MAJOR and
should have even the hard-to-find parts on hand. If your dealer
doesn't have a part, and you wish to buy parts directly from the
factory, please be sure to furnish the following information:
the serial number of your machine, the module on which the
component appears (MOM-1, ADA-1, ANA-1, or ADS-1), a
complete description (including part number) of the defective
part, and, if possible, the proper URSA MAJOR part number
from the lists (Section VI) in this manual. It would also be
useful to us if you would describe any peculiar circumstances
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attendant with the failure. As of this writing, we've had very
few failures in the field in general, and very few failures of
integrated circuits (only 4 or 5 IC's of all the machines in the
field).. There is no failure pattern, but we would like to know
what you find if you have a problem with a unit.

IV. G. 2. Special note on ordering switches: When ordering
switches, please identify whether the switch is a Centralab type,
which can be recognize by a white plastic snap-on cover over
the rear of the switch, or a Schadow type, which is completely
sealed black plastic with a brown top cover.

A defective push-button in the large, 16-station switch assembly
on MOM-1 can be replaced individually, especially if it's a
Schadow type. If the defective push-button is a Schadow type,

~ simply unbend the 4 tabs that are used to crimp it in place,

thoroughly desolder the 6 or 12 leads, and then gradually, care-
fully, pry the individual section loose. Then you need only re-
place that section.

IV. G. 3. Emergency substitutions: There are some possibil-
ities for emergency substitutions of parts that may be easy for
you to obtain locally.. Most of the logic IC's are from the 74LS
series., They can be replaced with military versions (54LS),
with equivalent LS versions from some other manufacturers,
and, in some cases, with conventional 7400 series IC's. For
example, a 741.5163 could probably be temporarily replaced
with a 74163. As indicated elsewhere, the 4051 multiplexers
on ADA-1 should be replaced only with Motorola 4051B types.
On ANA-1, the 4741 quad op amps should be replaced only with
Motorola types. On ADA-1, U3 (a DAC-08) is selected at
URSA MAJOR to have zero output current when the reference
current is switched to zero in the lowest signal range. Else-
where we've discussed how to select that part, It should be
replaced only with a similarly selected IC.

"IV. G. 4. Passive components: With regard to the passive com-

ponents, any of the resistors in the SPACE STATION could be
obtained locally. A single in-line resistor network, such as
those found on MOM-1 and ADA-1, can even be replaced with
discrete resistors, if care is used in soldering a little assembly
of 1/4. watt resistors together. Bypass capacitors are com-
pletely non-critical; the many 0.02's and 0. 1's sprinkled around
the machine can be replaced with an equivalent part. This is
also true for the 4.7 and 22uF tantalum capacitors. In most
instances, the bypassing is conservative enough so that if a
capacitor were to fail, it could simply be removed.
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IV. G. 5. Spare modules for troubleshooting : A few dealers
may have spares of the three easily removeable modules,
ANA-1, ADA-1, and ADS-1. These can be helpful during -
troubleshooting, or as a source of parts. In troubleshooting,
the obvious advantage is that you can simply swap out an entire
section of circuitry to see where the problem lies. If you have
access to a second machine, and module swapping narrows the
problem so that you recognize which module is not working
properly, but you are unable to fix the unit, please contact
URSA MAJOR by telephone, telex, or letter, and we'll arrange
for swapping a replacement module.
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V. SCOPE PHOT OGRAPHS

U6/2
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#1.

#2.

#3.

Output of U7/pin 6 (ADA-1)
Probe Points: U7/pin 6 (ADA-1)
R14 (MOM-1)-1ISH
Trigger Signal: ISH
Input Frequency: < 320Hz
Input Level Display: Red LED barely on
Panel Button Setting: Fatty, No Feedback
Scope Amplitude: 1V/div. for U7/pin 6
(ADA-1), 10V/div. for
ISH
Scope Time Scale: 62, 5uS/period of ISH

Successive Approximation for Negative
Input Signals '
Probe Points: U6/pin 3 (ADA-1)
U21/pin 13 MOM-1)-
Clock Pulse to SAR
R14 (MOM-1)-ISH
Trigger Signal: ISH
Input Frequency: =240Hz
Input Level Display: Red LED just on
Panel Button Setting: NR
Scope Amplitude: 1V/div. for U6/pin 3
(ADA-1), 10V/div. for
U21/pinl3 (MOM-1)
and ISH
Scope Time Scale: 49uS/period of ISH

Successive Approximation for Positive
Input Signals
Probe Points: U6/pin2 (ADA-1)
U21/pin 13 MOM-1) -
Clock Pulse to SAR
R14 (MOM-1) - ISH
Trigger Signal: ISH
Input Frequency: £300Hz
Input Level Display: Red LED barely on
Panel Button Setting: NR
Scope Amplitude: 1V/div. for U6/pin 2
(ADA-1), 10V/div. for
U21/pin13 (MOM-1)
and ISH
Scope Time Scale: 49uS/period of ISH
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#4,

#5,

#6.

DMS1 - DMS3 Signals

Probe Points: J5/pin 14 (ADA-1) - DMSI1
J5/pin15 (ADA-1)- DMS2
J5/pin13 (ADA-1) - DMS3
R14 (MOM-1) -ISH

Trigger Signal: ISH

Input Frequency, Input Level Display,

and Panel Button Setting: NR
Scope Amplitude: 5V/div. each signal
Scope Time Scale: 49uS/period of ISH

Relationship of RAS, CAS, E, and ISH

Probe Points: U13/pin4 (MOM-1) -@
U13/pin 15 (MOM-1) - CAS
U13/pin3 (MOM-1) -E
R14 (MOM-1) -ISH

Trigger Signal: ISH

Input Frequency, Input Level Display,

and Panel Button Setting: NR
Scope Amplitude: 5V/div. each signal
Scope Time Scale: 62, 5uS/period of ISH

Relationship of RAS and CAS
Probe Points: U13/pin4 (MOM-1) - RAS
‘ Ul3/pin 15 (MOM-1) - CAS

Trigger Signal: ISH at R14 (MOM-1)

Input Frequency, Input Level Display,
and Panel Button Setting: NR

Scope Amplitude: 2V/div. each signal

Scope Time Scale: =, 75uS/div.




#7. Crystal

Probe Points: U26/pin3 (MOM-1)
U25/pin5 (MOM-1)

Trigger Signal: ISH at R14 (MOM-1)

Input Frequency: U26/pin3 =8. 192MHz

U26/pin5 =4.096MHz
Input Level Display, Panel Button
Setting: NR
Scope Amplitude: 2V/div. each signal
Scope Time. Scale: 100nS/div.

#8. Modulated Output Taps

Probe Points: Input Signal
U16/pin 7 (ADA-1)
Ul6/pin 8 (ADA-1)

Tr1gger Signal: Input Signal

Input Frequency: 50Hz

Input Level Display: Not quite lighting

Red LED

Panel Button Setting: NR

Scope Amplitude: 2V/div. each 51gna1

Scope Time Scale: 5mS/div.

NSl #9, Relationship of-AE2, RCO, TEC, PLT,

and ISH

Probe Points: J1/pin6 (ADS-1) - AE2
J2/pin 15 (ADS-1)-RCO
]3/pin1 (ADS-1)-TEC
U27/pinl1l (MOM-1)-PLT
R14 (MOM-1) -ISH

Trigger Signal: ISH

Input Frequency, Input Level Display,

and Panel Button Setting: NR
Scope Amplitude: 5V/div. each signal
Scope Time Scale: 62. 5uS/period of ISH
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VI. SCHEMATICS

VI. A. Note on Schematic Conventions

A word about the convention used in drawing the schematics is

in order. On every schematic, a timing signal that leaves that
sheet and goes elsewhere is indicated with an arrow for the con-
nector, which is represented by the little triangle-shaped symbol.
If the signal is sourced on the module schematic you are looking
at, then the arrowhead of the connector symbol points away from
the head, indicating that the circuitry on that sheet is the source
for that timing signal or other piece of data. If the arrow is com-
ing into the sheet, then the source of the signal is external.
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| | Modulation : :{Vrn(:ie/
Circuitry Mea
| Adder ux
S
| B A * [
|
L R Ul
Various . NOTE: All switches and pots shown
A~ Timing B Out are on front panel,
Signals In RAM's
Xtal Address
Read
Ose. Timing — Counter 3 ? URSA MAJOR, Inc.
A Box 18/ 50 Trapelo Rd.

Belmont, MA 02178

Block Diagram SST-282

Drawn: Ron Blomberg 3/31/81




L

2

2
50
6o
7
30
9%
L~ -]
1Ho
20
29

—

F s aeV
v/
> man oy gEu0) 3 perzes

A I z

7 26 AUG REVYSLEL Lo TL0C P
2¢ Ay 7’o°',1 -J“ E,‘:':;’p
ome BT T enac
3 fard™e

144

I A s T s Y s s Y Y s I s O s TN R ey’ Y i)
(e ¥ e T | s Vs F e [ s T s e T B amer
mr_rmn . rm . m M’’’
fecx n_n_nmn qm m "7"n _§n_n n
o g W e T e N s A e N s I s O o NN B
.Y 1l M n
|k A M M
— ¢ 2 3 2 2 2 g 3 ] 3 g %
sy I~
£ . — —_ —— ——— — —
s -— 299 ns ) o ___________J-
cP L _ o I
IBE o e -
g e N e Y s Y T e s v Y s I Y Y s I oy IO
au | e | e | e T [ | (¥ e T s | s s | s e |
3 A B B e O o I T R B o S R o B
PPN I § NN BN ¢ By N | n__ n n I M m_n oA PATR Zrc
MM L L T L T [ e e se ot
J Lo 1 I I S imis avy s e
| I L n il R
0284/ 1




-aewo g g

r Tl — .
v
S b WP VYSI Y
¥ v ]
At 1 < < ¥ Flom )
! ¢ 3 95*?‘ 70“? caLD
“l o] 2l ul o] 9 ADS-{ - ME-4027  _ryr 1}
y “Ll See Ray | woTe
oe * f}
1121 3] 4 5] ¢ A :)’3
AS et ay WD A1 As ths
-svl ‘ﬁ'Vss()L_ﬂ‘w
rlr” N i O%C‘
- OW paTa YT -
v3 ve vy ve v? ve ' £ 2 ‘
v9 vto vl ure || 50 & _ _
40 <0 o 4e3 oA < o
Aez—;!o W ol pce E — < F
10 Py
7] —50 o Ares o o 5 Fwe
I f2 10w wol rsv et
4s 1 < MY
—< &
&« CP
r-——(f
% I3¥
Pt aannnil ¢ 11 .,l
A—'('LT
"*---“—I—' — e Vo
¢r7-30, oaf2p 12 "cueT
2%-2F & 49—‘; C(S¥.6/
, e —<6
£MB tnoql »’/zf mnug
e *c*g
mZ { 2

LY /3t Aur]. |
w2 L ut *8
P e L P i

iy ey, 1 47N
I T“z/.. n/lcw

n
.
)

© # Dave L 5/0NS
O 1l My I8 RecsATED
P 24Am00  U3-13 ARE moSTEr Mueosi€T in
APy GAITS, AvN 18 DIV ML RAAY Bri, wee

/‘?}}

N wdl2
2 b1
cmpl

o6 PIEL URAMANR A2l ST USY SCHEMATIC MOK- | -sHeeT | MY,

2P CHM 27 Jom€ 7% Pry: f wm T8
Dimqg maeg PRODIT SS7-292

o o024/




‘#loA1c Rersnns

0 igam g

J2 ——-— 7o aDS~f 3 __ .
1 ASME 1Y 015 mov o1 /). 3912 10 seme sy, P NN~ en N . Ly |
OIS 19 'SUTE W Sam e Lwits WiTw P48 2534 g c b ey g ¥ |§ E_ § " |! ; b g
ITU16 INTCRONMNED 8y grew cuTs, I ARAGABAR ARABA IS 18 ST A
2 120K VIS PiNS (1S 91 welE RS> ON ‘0 O 0 0 Q ‘T‘) {I /\ o3 {\| '.]?:\J " “ 6‘\'030
Xy | R s, ’s .5 - [ I B rrrrg
3.45.¢, ’ 30(‘
Lis ne ne 7,9,0 L ' L ) ¥ €6 e
ol co4 ~ : 'y - UZ- R T A CU'JL 5 v o< f:’ Pt Ly 11:3¢ o :fo 3¢
X! 4 62 ¢ =3 451638 G *‘2 P Un ‘ ’;m /ml 1 46 <
L b7 P Gn Gy &, ©n £563A fa ] N2 2 =
§192nh2 uz;6 " e[| w7 v ° e 08 Ap-=<
1
2l T vas .
£304'S l 1574 r{ 2] 3] ¢ st 34 6 ! s o ——
& — g
. L —— Y 3 uUts g c st o ——
”YD 'Y O011/i_por T/M/AE _peom 2%r8 74547 ' 3 lsa - e
- 6 7 £] 9 1t} il 7y vt e !
' "7 aeg L300 mB . @
B — 5 ST 3
- 4 ten
Fo— PINE 3N 23 1 ol B2 WAL g—L (5 g|v2r ot
N - _.5_ Urs G —p U ;r 00 ug — ’e
et 1504% 15379 ! i), , i, e "
5 e — 3 67'!0’/4]/ HER _ _9ejvar p2 c
5 % e ]?[‘ 1 _‘;_J w| B £c Twusoo R ‘1>
S - L
'.Jrozw v
F - ~ ,"rm"
" R —
™ — ravareytoyaedl — N
g’\ 65 -« A‘Dﬁvl 0 0 o o 0 OQQ 1‘) QHO/LO r)O'O SMET S : gtg ? ~s 2
T = < sT KN4 IS S <3333 3ao0
* 22K S1P,6huces
z ) Iy
usJ L = T30
-»— P,3 _e 1 L.._ ¢ 14 .
a’ } > e o] 8 2] I
»® ’If - j S AN TR T -
uss - A 7 “1T
- 3 [ 1 U i i 4 » th ot ot ‘4
7 — P2 7 3
’ st UF ¢ cw + _'1': * NS U I i
m ! 3 ‘ ’ (5206 - 4' S
%04 ’,ryl‘) ¢ ._f ’. "| ’,'T?— | :
s Y — 2r : e i
g i
ce7 v ?“~ ; 14¢ smn.uu
m ; un ..—_____J — /s
. i q? [} § 4 py Ul e
R 0. —- Fn s _I_
AT e s - 2502
t —m— R cac !
| SR B melny
— ka2 f)"_i_h - ;_“, « Py P3 LA —/g'~ 008,
9T v le
plig 7 } v ] U3s
RC3 £ J_o 2 £95 - - T3
¢ l]TI.‘ «{I\!}—— p—z
’ e -~ 5
! ] — osr < l k0 - ¢
) 2l 3l e (I ——— RCE o 5!:'"” on L ‘ :o't/:
092 | #ce [3 v o] 943 _ LN rcs P
l | N I AL 1308 3 2 S {iment
4530 A% 172], 50 ot Pocna a6 vE xey 2] oty
3 /2 8 ' R 208 e .,_1A 1 4 ) o —1‘«5411
F¢ == 52 P L ’ - ! V"» - 1€ Y6 WITe 2
e ‘ o[Ursye e et ALl
— 1308 Dme: eorpns s
— Rocag - ——
94 ST 0%k R4y iy A o S 2 v 4 e 7T e ‘o(;”‘:‘w - (A58 AR ey . 5(!15/!4471/_‘ MOM- | SWEET 2 - T1MINVE £1T
- =~ 4 Y DL LS A~
1;04 rms _‘_w_g ]L FATIN caowD Siasr g ACS T 2 Pl Se&T R L A R AN 27 4 DAV : "€ Torw I8 Ry cx* 4%y 2 Del 19
~ ’ T S T AT VP PRADAT SST-28T
l’:,"’,Pq €Y. L"ot Falalt BT~ RN ¥ N 10¢ o1 110 e 002‘3-/3



/

LT

SADER PaD
ON MpM O

X
~N ~\ " - <+ m - . v 3
Lopriiid EapidiRRERENlaVy prdo iy
02030:00:0:0:0 BEDOBOOOOPOOVDVDD  ATPANE0%
Sy ¢ 72 7
ADDRESS CARD (OMMECTDRS - ADS-1
.75,%0 ror Y72« 2
395,50 mE 2%V
! £ a

Y

" v 2 :-“
Qs3I 8N 2owlh B

-~ N2
[V
’Q?Q‘O‘Ofﬁiﬁ 00100000 0“0

- Jt

YIT Uk
/02 03040(050105040 I/O/; ljopapouﬁ

'!‘*"’ ¥

fify

—— J?
ADA CARD CANMNCTORS - ADA-/

Vi 19 % 18Viams o7
Roc 125 .40 -t
i )
an-e ]”|

M ot (2) gy
GRe¢ r-1] I-“.
1
; ' o +5
22 | "»” o
? 21“’ be ,"“’RI [ 3 3”’;:
{
.&1! o '__n; e 4‘
[ Ce?
2
7004, 7015 JT
v,
iy
132
*22
+5
DI 4 ! c .
ot T ’”l‘ =
]_ Al
+ »>7 [ 1) t
lad ”" B
-15

Vac 1041 T 34Vias
e p-n T20

Cpe's ofF XFMR meaSuReD at Room TenpeearvRe

YA of
UV

RFMR. MEALURED Wity VAL rigV -'NE WLTAc,(-'
Yoerana)e NMoRMALL 4,

* e REvIvnsS
O W I Recsane D
1 JSEREs AN RDC & Var AORS ree FRVICE

ers g

Besfronr AA oae” SCHEMATIC, MOM- | -SyeeT 3 a3 TP

2en: Ot 27 Tome 7€ tev: < el Y
PRODNCT - §aT-282

URSA MATOR

0026/



8¢

c26 lorpl 2%

s it —O7P44
el o e | e
WA 7pa 576K | 576K EINGY
nox v S g + )
29 C— -~ s c2< | g2 5% and
%% « ; -
(wr v ) A 205F 097,57, ™S aNr
weor 15K 2% /o Py s |
. SensOTY o, v | ) Kz!l P54 m‘:
€@ g A vea I e 7 RI-15 Lad
~ L[]
- DS . ) T 1!{' -6 w9 P S
(1w y) Ly -
S v 1\ 074 49 pwa
100 Gied 1 o~ —
4 (wm i) -4 ’ 4K
Jr &
—— - _— [
RO 25 5¢ o3 raxx BRI 43K RU2 45 ax p 7
ro2 07 3 R113 s . P |
1o 2004 a3
:; 1 el T [CL
1 10005 T rvepf T
A" Y - |
)| ot 7 rra
u3 0.on 1 U8 LYYs
1
[~ L’i, I [N _|}‘ cor L
L%} ? v3 ,/ Rus L us 10005F]
T 4 for
i }_':J f.cex ‘] > I3 e 9 5 s e
0 1 N —d 17
Rei K6 . 79 ! 7 4
| e ook 3 08 ws ] “E 5 g e wrt ]
- + -5 ' o] T " ogne
coe C1ng e % 4.7/28 -02/2s 38,30 40 L
= awpF o ot 2] . I — 4 L)
”UII LPF > Pl “ 7 ew g 1T 5 e, B
_— _——— e 3 ray fes ]‘ L"”"" 11,94 o 03-8, Ue
ki L e .. MY 5534 vi2 Py
e - 4K 4P €212,
1 —NC ViEs FRM pJadH
pr— 873 COMIUCHT 41D € Jen R An v & D U
" — wrinestT 3 4 &/ 4 g2 U2 15 DM eV 3)
] TH4 s T vud :
2 (7, ]
A K21 -2/6 " ge€ i s 2 e e NS
3 E/’;'t;‘w’ asme 47 #e ’ M’:/ V. i L 7 O MW RLEARD
- : (0F 2 _o.._)}__{’ ST 2 AU Co W pF Lusts MO ] MARIY RENLED moTE 8.
D Lept 3 g oPIBAAL . MOT uSED Lammry " ApDed Aye S
7 cvr & 4 UI-oe Sececred mr Imiry s W Mweurs A sami ’
’w3-awe S SXAR V2 O MOTL $18; S ME U2 WRS 479/ 0F 1T EFmCNA
~ 1372 puepspprl - ATt Sée ® 0%
{ > 5 WAs PN 2 0N eARL sar%
M ] 313 ww AnvS N
1. £ c2! 1o Wi
—— s pws 192
. wim\ | Apove - [ w2 U
cre . o 20 ’i—] b [ TN
© ST i — -
#7 —P— » !
» Dessys 788 o ti6aT
e ' o our Nk
Crs a4 e, ) i k)
.

P,
n— = ., t .vc«&-’_;“"
-i J%3
oW

To MR
", 2- Box 18 cerre NEMATIC ANA-
o URSR AT o sour s von asncwflﬁcwh ’ ':J":u! M rV;nrarw
AT Ssr.282
ooz /3



(14

J5
__Frok most SweeT 2

e e it imeem e = TR ——— e - e ———— s S

u‘ "'_;'.!
o Toe R LR I 3 3}

" 3 ‘§ ‘* ¢
v ¥ v U R . Q2030 Q% 00000 o) Q0 /s?
'TUPIAY 204 FAR LAY d:y v
f L A l’-a Ifl’ ’u *

o7 2 - > s

2 ” w0 I3
+7
aulnl o] o ‘v. | "t= THM i s 006 5 v v | IO PR
z 24 | 2w | 0w | g | pws | g
4 . Civ Cen  SwF
< ve 1
’Z}; s €
IN 08 " [ 1 71
) B ) Fas ves
~C [711e]
vy Lt 1]
—4 4 12 <1 ] i3
“ Jv A atlers c37]| conens|ca
e s Inlg o311 o
. 1 a ) . TIF|TIT
3 3 Lie z s
'ZI ARI = = L
. —_— — -8 =3 + 50 —3
%,',7 7 sm 47 Fm ,‘:‘. G4 n7 )
“mn s «7 9l ol 7 5 1 4 . L) !
Al _2l. »1lt - )  Fo-}. © s 1%l
Mnr ] D! v+ ls ]l A4 s 780 | IR =7 | [ s,
41 45T 22 7 AV
u3 Joz% o' o—"21 — | e
. o oo
M —— WNM-O‘ u4 P53 -2 1 B “ v s
-8 68 73 I .
= " , o $ [$e St
i+ st
D Al 42 AT A6 & A6 A1 AR 2 W 47k $./Pp
-’y e
w1 193 e L, I
- n A
paa [ o e Y
R¥zs S0 4-| pre
by )
Ibl 7J 9[’0 v XN ac L LY
@ s AT | WaTSAK 1 T 02 T A I 1T L TE Ao
5y L ya 5 d{( F" 3 ““: El 16 o 1 4 KI-RS 4% mpwsor O MM RLumeD
2,8 “ p2 KK ca | mossad oo ,;:: ac 4 13 p1sc TAPS VEES 40T 150 | JA 7Y ABD TS 344
~ e, o oy £ " ay P Ris 9530 15 VI vseD.
£19 2049’( ] 2205 T 4 £ i A& 3. 03 sscecTeD R fak0 Cub
res > A ) s w c .3i I,}Zu T o TAT wy BANEE &
! 22.1x -15 —> -t 4 | 7 4 ¢ O-12 MersaDifg DAL
P A » ] s 2 . y
g0%28| &n ;"’1 o3 view R
%] rorag 10 B S S S ComPENCIN 51D €
c% & csl=p
+7 ij\ T -02/x R BRG I
AN > 26 ——— b 2
121 |e 200 "o ‘ 7}7
~HE ] . I ceds
N 7 A T Qe k] e S - v
” — ; ) 20218 82y | SCYOMATIC ADA-/
& x
‘16 3 0 'ﬁ‘. 2216 -8 -5 URSA MUOR Eirmx M 2’ Daw tae '3 T I® Pri) 2e amt 7Y
] I - _I.___ PO : SST- 282

oo23d//



og

3 re) [ Ll
72 Mom-1 T 1O Mew-
. oot
S R
w 2 v M s < - o " .
o0 g tli : | «3:3;3&&354:&3:@ S 2 ] T8 vl
[3 4 3 2 ' 16 ()8 » " 10¢ ~
)6 40)3)21) 7/
R S ALY Ks o, ?’Y'Y '? Y?? Y’YY ? 0 e} 7() 0 s() o) 3 eY
20 v
L N 2y | : svolyaveerdg e
8] ]2 ° T S« 2 et & Q&glaz 's'
& 3 ‘
ve 7] 9
. # £f
hy° 4 u27 b,
. A £5283
13 HEED Ths]rq,a
I ne « S ¥ %
7% 3 ¥ ¥
Mk <
/ol"
, . , 2], @ -
w M o s #8e 4’ ase’ U§°17u r ’ -
7
) P ) ) 7] I QR OR 2 4 LY iy ure
(73} ra’l “ 7 1583
RC2 "‘-,’{‘ on r (574 4 ol: 2lisiqein
nct ] Ao - -4
s N z“' 3 N - L] o)
O & r see v s 4589 |2 pv]
07 P ANAE /z[
83 P s us" A6 as3
1586s i
ﬁ 7'1//310’141/310
‘ L - £ 22 £3 X4
] 4 m‘lq . | U8 szes € w7 H e
oy I A B R O2 4383 A B4 £32€3
1.4 v _ slel3[2]ss|# i [3 t]'a BGE D
L. F a0 — ! ma__l J
2 % i DAl DAS
M wet oA ‘7 me—f -
= -
Ad b-wel h'nl DA3 et $17 wel o wf !
—n »“m -C
3 2 é 7] 3 2] € 7 SM'Z 3 7
e g-theor U3 pglaf M O & G A 2o
.. o 1393 = Lz 022 2 [ U3 2
- H{.Fg.n,_pau o~ [d 25198 P 1593 o- %
sir| el T ' T ] 4
, ) 2 1 ,a;{ g”'(u 'Io',"fl" N f,uL 7] '2'7{‘# "
» 21 va 3 owTl L e _ s ‘
5 RC! ge2 RCS
LS50 4
-2 12 Ll O_Cl ® DATC  REVIICNS
] q o ., wey 7 i3 ik O s ReLEMED
pred a-ue g 3 },?b&»ﬁ’«ua}& w24 g e iEks BT L2 743089 M mse pus
Aoe- Llasro e e U *Sus0 wer 22 g —LHtuis |5
we 1! | Sy 2 4 RI
wes 10w 27 L 1
i —. P
829423 s
PG 7
::; 12
3 3 poY 18
w2 —";Ui? e URSA MAJOR ceisunr SCHEMATIC, ADDRESS, ADS -1
w(o__,r_L, ) MADHTRVA DRA. (M 26 JUNE 1R REV: 29 AR 19
123 — B BYRSS 'y AT ALL Locmvons LT SST 282
(L]

0o27/1



VII. PARTS LISTS

VII. A, Semiconductor Components

PART#

330-0161
330-0209
330-0162
330-0163
330-0164
330-0210
330-0165
330-0166
330-0167
330-0270
330-0163
330-0169
330-0212
330-0213
330-0170
330-0214
330-0215
330-0171
390-0216
330-0172
330-0173
330-0174
330-0175
350-0176
350-0271

350-0002
350-0011
350-0012

340-0131
340-0181
340-0182
340-3183
340-0205
340-0198
340-0207
340-0203
340-0199
340-0179
340-0204
340-0203

345-0020
345-0201
345-0202
345-0178

355-0177

300-0154
300-0155
300-0156

300-0157
300-0158
300-0159
300-0160

300-0185
300-0186
300-0184

3200187

PART

1C, DIGITAL
74LSOON
T4LS02K
74LS04N
7406N
74L.S08N
T4LS10N
741S14N
74LS30N
74L574N
74L586N
74123N
74LS163N
7415189\
74LS193N
7415244k
74L5251N
T4LS253N
74LS257N
74152838
7415293
74L5379K
2502
2504
4027 **
4015 **

1CMENORY
74S288-PROGRAMMED 0002/7

745471 or TBP 18522-PROGRAMMED 0011/3
745471 or TBP 18522-PROGRAMMED 0012/1

IC,LINEAR

7805

7812

7815

7915
78L05
5534N
4741 ,N **
4212 **
1F393
4558
TLOBG **
TLO74 **

1C, INTERFACE
40518 -USE MOTOROLA ONLY
40528
40538
LM311N

1C, CONVERTER
DAC-08- SELECTED

DIODE
IN4 148
INA004 1A
IN5404/MR501

DIODE, ZENER
IN52318 5.1v 5%
INA735A 6.2v
IN4736A 6.8v
IN4A738A 8.2v

DIODE, LED
GREEN,5082-4970
YELLOW, 5082-4970
RED, 5082-4670

SCR

C122-F

QUANTITY

AN PO N W R W RN =t ) I et

et bt bt et () NI U BN ) et e

——

) = S D e e et e et

N = e

16(.25
10(.25
2(.25

b ek b ot

NN




VII. B. Passive Components

PART # 203-

0082
0083
0102
0084
0085
0086
0269 -
0087
0Q88
0039
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0280

202~
0103
0104
0105
0106
0107
0108
0109
0110
0111
0112
0113
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124

o125 2%

0126

200-0118
201-0206

205-0147
205-0143
205-0144
205-0145
205-0146

240-0259
240-0136
240-0260
240-0261
240-0262

241-0127
241-0127
241-0128

242-0137

243-0138
243-0140
243-0141
243-0142

244-0135

PART

RES.MF, 17 RNSS
953
1.0K
1.24K
1.43K
1.58K
2.26K
3.01K
4.02K
4.22K
4.32K
4.53

RES CF 1/4W 5%
27

47
100
150
200
229
510
1.0K
1.1K
2.0K
2.4K
4.7K
6.2K
8.2k
10.0K
12.0K
24.0K
39.0K
47.0K
180.0¥
240.0K

RES CF 1/2W 5%
270
820

RESISTOR VARIABLE
50K DUAL
1000hm AB E4,A,D,J,K

RESISTOR NETWORK

16 PIN DIP 1000hm
6or 8 PIN SIP 1500hm
8 PIN SIP 2.0K

8 PIN SIP 22.0K

8 PIN SIP 47.0K

CAPACITORS, ALUMINUM *
ELECTROLYTIC

.47/50v

4.7/35v

330uF/16v

1000uF /35v

4700uF /16v

CAPACITOR TANTILUM-DIPPED

4.7uF /25v
4.7uF /35v
22uF /16v

CAPACITOR MICA
24pF DM15 5%

E

~N
PN £% L) L) = G 85 G N () 0 1t ) L) Ca) bt 0t b ot IN) G bt

N Gl PO G B B e bt LD WD NI B N ) e U R e

OV b ) 4t bt

~n
—_oWoO~N

CAPACITOR POLYPROPYLENE 2.5%

120pF
220pF
1000pF
1200

CAP MYLAR
.047/50v

32

BART {

245-0129
24520130
245-0131
245-0132
245-0133
245-0291

270-0190
280-0189

440-0193
440-0194
440-0195

451-0045

453-0042
453-0044
453-0078

470-0036
470-0254

490-0257
490-0243
490-0247
490-0264

510-0049
510-0047
510-0048
510-0046

520-0148
520-0149
520-0150
520-0151
520-0152
520-0153
520-0052

550-0299
550-0298
550-0305

600-0192

630-0292
630-0293

525-0051
525-0300

530-0268
§30-0272

530-0267
600-0237

541-0253

550-0284
550-0285

§50-0286

550-0287
550-0288
550-028%

550-0290

630-0231
630-0233
630-0232
630-0282

PARY

CAPACITOR,CERAMIC DISC
47 pf

100¢F

.005/1600v

.01/25-50

.02/25-50

.1/50

BEAD, FERRITE
CRYSTAL, 8.192 MHZ

FUSE

3AG 115v .75A SLO BLO
8AG 2.5A/3.0A 361/362
3AG 230v/ .375A SLO BLO

SWITCH, SLIDE 115/230 SELECT

SWITCH, 16 STATION, PUSHBUTTON
SWITCH, POWER PUSHBUTTON
SWITCH, TWO STATION PUSHBUTTON

TRANSFORMER,” POWER 115/230
TRANSFORMER, POWER 100/200

CONNECTOR

AC, RECEP, 3 WIRE
XLR-3, MALE

XLR-3, FEMALE

3 PIN BLOCK, FEMALE

8 PIN FEMALE, PC MOUNT
8 PIN MALE PC MOUNT
16 PIN MALE PC MOUNT
3 PIN, MALE PC MOUNT

SOCKET

DIP 8 PIN

DIP 14 PIN

DIP 16 PIN

DIP 16 PIN EBY-16-9-2
DIP 20 PIN

DIP 24 PIN

T0 220 3 PIN

BUTTONS
RED

BLUE
SWITCH CAPS

FUSE CL1P PC MOUNT

INSULATOR, WASHER
INSULATOR, IC SPREADER

TERMINAL CRIMP 08-50-01-98
TERMINAL CRIMP #16- 02-1105**

CABLE CLAMP FOR EBY SOCKET

TIE WRAP 1/16" - 3/4"

CABLE, CLAMP SELF ADHERING

CABLE CLAMP H-H SMITH

RUBBER FEET SELF ADHESIVE

KNOB, BLACK WHITE LINE
21M4
14.5MM

NUT COVER, 14.5MM
BLACK, WHITE LINE

CAP, 21MM

BLUE, WHITE LINE
RED, WHITE LINE
BLACK, WHITE LINE

CAP, 14.5MM
BLACK, WHITE LINE

SPACCR, THREADED 4-40 X .375
SPACER, THREADED 6-32 X .375
SPACER, THREADED 4-40 X 1.00

INSULATOR, TO 220

QUANTITY
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** WITH MOLEX #15-04-0703 CONNECTOR, AC RECEPTACLE




PART ¢ PART QUANTITY

SCREW
640-0217 440 X 3/16 PPB
- . 640-0218 4-40 X 3/16 PPB
640-0219 4-40 X 5/16 Fp8 82°
640-0224 6-32 X 1/4 PPB
640-0225 6-32 X 3/8 fPB  82°
4 640-0226 6-32 X 1/2 PPB
— 640-0229 8-32 X 1/2 PPB
K NUT
643-0221 4-40
643-0222 KEPS 4-40
— 643-0227 KLPS 6-32
643-0310 HEX 8-32
WASHER
N 644-0223 INTERNAL STAR #4
644-0228 INTERNAL STAR #6
644-0234 WASHER, NYLON SHOULDER #4
644-0311 WASHER, SPLIT LOCK 48
644-0312 WASHER, #8, STEEL 0D.375
10.174 THK .031
670-0191 JUMPER, 22 AUG .5IN, INSUL
o WIRE
670-0244 #22 AMG, UL, GREEN,STRAND
670-0246 #22 AWG, UL, BLACK,STRAND
670-0274 #22 AWG, UL, WHITE,STRAND
B 670-0275 2 CONDUCTOR, SHIELDED
680-0252 RIBBON CABLE 922641-16-9-03
680-0266 POWER CORD
680-0273 SLEEVING, SHRINK 1/4 IN DIA
700-0019 $ST-282 CHASSIS
SST-282
702-0283 FRONT PANEL
702-0018 PANEL SHIELD
702-0021 BOTTOMCOVER
702-0023 TOP COVER
701-0238 BRACKET, KEYSTONE #617
— 701-0281 BRACKET, KEYSTONE #5614 .
704-0196 HEAT, SINK, THERMALLOY 6025B-TT

COMPLETE MODULES

- 710-0063 ADA-01
710-0070 ADS-01
713-0076 ANA-01

NV W

3.0IN
9.0IN
9.0IN
65.IN

6IN
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